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Abstract 
An in vitro propagation protocol has been developed 

for Curcuma caesia Roxb., an endangered medicinal 

plant by Foundation for Revitalisation of Local Health 

Traditions and Central Forest Department of India. 

The plant bears poorly germinated seeds and produces 

two-storage organs: rhizomes and multiple root tubers. 

Only rhizomes have medicinal-economic values. They 

serve as propagules too, which results in a shortage of 

planting material. Therefore, a complete one-year 

production cycle of C. caesia has been standardized 

through in vitro propagation including explants 

establishment (one month), subculture cycles (seven 

months), rooting (one month) followed by primary 

hardening (one month) and secondary hardening (two 

months).  

 

Dormant shoot buds on rhizome served as explants for 

culture initiation on Murashige and Skoog (MS) 

medium supplemented with different concentrations of 

6-benzyladenine (BA) and kinetin (KIN) in combination 

with citric acid (CA), adenine sulfate (AdS) and indole-

3-acetic acid (IAA). Maximum bud break (70%) was 

obtained on MS with 8 mg L-1 BA, 8 mg L-1 KIN, 100 

mg L-1 CA, 200 mg L-1 AdS and 2 mg L-1 IAA (standard 

medium). Shoot production potential continued on this 

medium during the subsequent seven-month-long 

subculture cycle. The in vitro raised shoots rooted best 

on ½-strength MS containing 1 mg L-1 indole-3-butyric 

acid. Plantlet survival rate was >95% after 

acclimatization. The genetic homogeneity of plantlets 

with the mother plant was analyzed using Inter Simple 

Sequence Repeats which generated a monomorphic 

banding pattern to confirm the uniformity of in vitro 

raised plantlets of C. caesia. 
 

Keywords: Meristem culture, Kali Haldi, Subculture, 

Rooting, Acclimatization. 

 

Introduction 
Curcuma caesia Roxb., popularly known as ‘Kali Haldi’ 

(‘Black Turmeric’ in English), is a perennial, tuberous 

rhizomatous herb belonging to the family Zingiberaceae28. It 

is an endangered plant native to Central and North-East 

India23 where it is used as a spice and in food preservation. 

The rhizome is rich in camphor curcuminoids, phenolics, 

flavonoids, certain proteins, amino acids, essential oil and 

alkaloids30. Sesquiterpenes and monoterpenes from the 

extract of C. caesia rhizomes have good antioxidant, anti-

inflammatory and tumor cell inhibitory activities2,6,10,20. The 

essential oil from leaves of C. caesia also possesses the 

potential and biologically important activity and can be used 

as natural antioxidants, anti-inflammatory and antimicrobial 

agents in pharmaceutical industries7.  

 

The Central Forest Department of India has declared this 

species an ‘endangered herb’ due to biopiracy21. It is 

categorized as a critically endangered species of Central 

India14. C. caesia bears seeds that are poorly germinated10. 

Therefore, the plant is commonly propagated through 

underground rhizomes only4. Medicinal and economic 

values reside in these rhizomes. Moreover, the plant 

produces many underground root tubers too. These root 

tubers have no market value. Thus, due to the production of 

two storage organs, the yield of the desired part- rhizome 

becomes low during its cultivation. The harvested rhizomes, 

after cultivation, are sold for the recovery of cultivation cost 

and profit-making. Hence, lower yields of the rhizomes 

create a shortage of the propagules for cultivation resulting 

in very high costs for its saplings16. Low rhizome 

productions result in the propagule unavailability for 

cultivations.  

 

Hence, to fulfil the demand, it is directly harvested from the 

forests pushing the plant into endangered status22. In vitro 

culture technique facilitates the production of planting 

materials to propagate species27. Reports are there for 

plantlet regeneration of C. caesia via meristem 

culture3,4,5,29,35 or via callus too31,37. However, all these 

reports neither examine the regeneration efficiency during 

subculture cycles nor analyze the genetic fidelity of the 

regenerants. The present study reports a complete one-year 

in vitro production cycle and genomic template stability of 

the plantlets of C. caesia. 

 

Material and Methods 
Healthy rhizomes of C. caesia were collected from the 

National Center for Natural Resources, Pandit Ravishankar 

Shukla University, Raipur (India) in June 2019. Rhizomes 

were first washed with running tap water to remove soil 

particles followed by treatment with surfactant tween-20 for 

5 to 10 min and a fungicide solution containing 0.1% (w/v) 

Bavistin 50WP (BASF India Ltd., Mumbai, India) and 

0.25% (w/v) Carbendazim 50WP (Hindustan Insecticides 

Ltd., Bathinda, India) for 20 minutes. The dormant shoot 

buds (explants) on the rhizome were chopped off; the surface 
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Abstract
A fast-growing, leguminous tree species- Pithecellobium dulce (Roxb.) Benth., was screened  in vitro against Pb-stress for 
the first time. In the current study, Pb toxicity affected the seedlings growth, lipid peroxidation, hydrogen peroxide produc-
tion, antioxidant enzymes activity, proline content, and genomic template stability in a dose-dependent manner. The plant 
showed a high Pb tolerance, uptake and accumulation (> 2300 mg  Kg−1). Citric acid application could mitigate Pb-stress 
in the seedlings exhibited by the examined morphological, biochemical, and molecular parameters, including remarkably 
enhanced Pb uptake by the roots. Citric acid addition to the Pb solution reduced lipid peroxidation and ROS production in 
the seedlings roots, stem, and leaves. Citric acid also induced the antioxidant enzymes activities in the seedlings that were 
reduced by Pb exposure. Citric acid-mediated recovery under Pb-stress was evidenced by the growth and development of 
the seedlings, higher chlorophyll pigments, lower proline content and maximum tolerance index. The Pb exposure altered 
the genomic template stability that was also recovered by citric acid. Thus, after further field studies, P. dulce with citric 
acid mitigation may prove suitable for Pb remediation from contaminated sites.

Keywords Antioxidant enzymes · Genomic template stability · Lipid peroxidation · Pb-stress · Pb-accumulation · 
Phytoremediation

1 Introduction

Globally, lead (Pb) contamination in soils is a growing 
concern (Wang et al. 2021). Pb is highly toxic, non-bio-
degradable and long half-life heavy metal that is present 
in abundance (Frank et al. 2019; Latif et al. 2020). It can 
cause severe damage to ecosystems as well as human health 
(Cano-Ruiz et al. 2020). Excessive use of paints, mining, 
sludge, industrial waste, and agricultural activities are 
mainly responsible for Pb contamination of the environ-
ment (Frank et al. 2019; Samreen et al. 2021; Raju et al. 
2021). Patra et al. (2020) stated that Pb contamination of 
agricultural land is a major environmental concern. Pb may 
enter the human body through ingestion and inhalation, this 
first one being directly linked with the food chain and can 

cause severe diseases (Iheanacho et al. 2017; Vladimirovich 
et al. 2021). Pb toxicity showed a negative relationship with 
nutrient uptake, antioxidant activity, and photosynthesis in 
plants. In response to metal-induced toxicity, Plants have 
evolved defense mechanisms including synthesis of anti-
oxidant enzymes (Giannakoula et al. 2021) such as SOD, 
CAT, and APX that help to maintain cellular redox homeo-
stasis. This redox equilibrium may be disturbed due to the 
excess generation of reactive oxygen species under Pb-stress 
(Giannakoula et al. 2021). ROS induces oxidative stress and 
lipid membrane peroxidation that damages the biological 
molecules and alters normal metabolic pathway resulting in 
cellular destruction (Pourrut et al. 2011).

Presently, several phytotechnologies are available to treat 
contaminated areas due to their low cost and environmen-
tally friendly nature (Yan et al. 2020). Trees due to their 
long life cycle, huge biomass, and extensive root system are 
considered more suitable for the purpose than the grasses 
or other plants (Kaur et al. 2019). An ideal tree candidate 
must be fast-growing, multiple stress-tolerant, able to grow 
on poorly nutrient soils combined with high toxicant tol-
erance, uptake, and accumulation. Pithecellobium dulce 
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Context: Being sessile, it is impossible for the plants to evade from the unfavourable environmental conditions 
prevailing due to various abiotic stresses like heat, salinity, drought, flood, heavy metals, and high radiance 
amongst many others. These abiotic stresses disrupt plant growth and limit crop productivity to a large extent 
globally. Crop plants need to acclimatize themselves in these unsuitable environmental and edaphic conditions 
utilizing their inherent biological mechanisms. Massive amount of pertinent researches have been done in the 
last few decades regarding utilization of gamma rays for improvement in traits, and management of agro-
ecosystem by developing superior quality crops/ germplasms. It has been well established that the gamma rays 
promotes abiotic stress tolerance in plants at low doses (50–100 Gy). Gamma rays are also being widely used as 
mutation techniques in an attempt to raise abiotic stress tolerance and, disease resistant crop varieties. 
Furthermore, a better understanding of tolerance mechanisms induced by gamma rays will help in improving 
crop productivity under stress conditions. However, the potential mechanisms involved in this are still inde-
finable. This review illustrates general information about gamma ray, its dose dependant responses; beneficial 
effects and lethality, and also the potential mechanism(s) underlying the tolerance induction and performance 
enhancement of plants growing under various abiotic stress conditions. 
Objective: To elucidate the role of gamma rays as a potential tool for stress mitigation and management of 
agroecosystem. 
Methods: Gamma rays have been used quite differently by various researchers for alleviation of abiotic stress 
imposed responses in plants. 
Results and conclusions: Application of gamma radiation has popularly been noticed to enhance nutrient uptake, 
modulate biosyntheses of numerous secondary key metabolites and osmolytes, and regulate various metabolic 
activities to engender tolerance against environmental stresses. 
Significance: In most of the developing and under developed nations, owing to limited development in agro- 
management systems, abiotic stresses are seen to cause potential threats to growth and productivity of crops. 
Therefore, it is essentially to explore novel cost effective possibilities like use of low dose of gamma rays in crop 
plants for improvement in their performance during these rapidly changing climatic conditions.   

1. Introduction 

Crop plants encounter various abiotic stresses in their life span owing 
to global warming and climatic abnormalities which majorly limits their 
growth and productivity. Drought, temperature extremes, salinity and 
acidity of soil, light intensity, submergence, and anaerobiosis are 
dominant abiotic stresses amongst others, and are hostile to farming and 
the ecosystem (Wania et al., 2016). Crop plants of approximately 90% of 

cultivable area are facing one or several of the above stresses (dos Reis 
et al., 2012), which results in approximately 70% losses in the yield of 
major food grains viz.; Oryza sativa, Triticum aestivum and Zea mays, and 
hence affecting food security (Tigchelaar et al., 2018). As per the report 
of FAO (2007), merely 3.5% land area has left untouched by any of the 
environmental constrain. 

Amongst the enlisted abiotic stresses, salinity becomes the most 
stubborn one by escalating the salt concentration in the arable land 

Abbreviations: Reactive Oxygen Species, ROS. 
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Abstract: 

This communication discusses the optimization of carbon and nitrogen sources for the enhanced bio-hydrogen 

production from rice mill effluent. Three critical factors, concentrations of glucose (10-20 g/l), yeast extract 

(1-5 g/l) and Ammonium per sulphate (1-2 g/l) were optimized by response surface methodology (RSM) with 

central composite design (CCD) for better production. The hydrogen produced by Pseudomonas aeuroginosa 

SBT-Pa 092 was enhanced after using RSM. The value of R2 obtained by ANN after training (75%) are 14 

samples, validation (15%) are 3 samples and testing (15%) are 3 samples were 0.86976, 0.78299, and 0.94523 

for bio hydrogen production. The value of R2 obtained by ANN after training (40%) = 10 samples, validation 

(25%) = 5 samples and testing (25%) = 5 samples were 0.79317, 0.8596 and 0.90984 respectively, for 

biohydrogen production. The % error for ANN and RSM were 0.0016 and 0.01 for biohydrogen production, 

which showed the authority of ANN in exemplifying the non-linear behaviour of the system. Thus, 

ANN/RSM together successfully identify the substantial process conditions for Biohydrogen production. The 

results obtained indicate that use of both RSM and ANN with appropriate experimental design can be used to 

optimize culture conditions for enhancement of hydrogen production.  

Key words: Biohydrogen, Pseudomonas aeuroginosa SBT-Pa 092, RSM, CCD and ANN. 

Introduction: 

To meet the energy requirements of the society the world economy is completely dependent upon the fossil 

fuel. The rising cost and harmful effect of fossil fuels on the environment has resulted in the development of 

eco-friendly and alternative source of energy. Hydrogen is considered as an environment friendly and clean 

source of energy as it does not produce any of the green house gases during combustion [Wang et al 2014; 

Jiang et al 2014]. Also it is having high energy content (142 kJ/g) which is 2.75 times higher than the fossil 

http://www.jetir.org/
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A B S T R A C T   

Arsenic (As) is a toxic metalloid which pollutes soil and water, and negatively affects the growth 
and development of plants at different levels. This study investigated the effects of As-resistant 
and plant growth promoting (PGP) bacterial consortia on the germination and growth attri-
butes of two cultivars (Swarna and MTU 1010) of rice (Oryza sativa L.) under As-flooded envi-
ronment. The consortium consisted of five bacterial strains; Bacillus nealsonii strain ARP2, 
Pseudomonas nitritireducens strain ARP3, Exiguobacterium aestuarii strain ARRP3, Bacillus tequi-
lensis strain ART2 and Microbacterium paraoxydans strain ADT5, which were isolated from 
different regions of Chhattisgarh, India. Soils inoculated with the bacterial consortia and sup-
plemented with As(V)/As(III) were used to grow rice seeds under in vitro conditions. The results 
ascertained that the seedlings inoculated with the bacterial consortia grew well even in the 
presence of As, which was marked by increased shoot and root length, biomass, and total chlo-
rophyll content. Further, inoculation of bacterial consortia reduced the oxidative stress to a 
significant level by up-regulating the expressions of protective genes encoding antioxidant en-
zymes. This consortium could decrease the As accumulation in plants upon successful coloniza-
tion in the rhizosphere, suggesting possible exploitation of it for enhanced growth of plants and in 
the remediation of As-contaminated soils.   

1. Introduction 

Arsenic (As) is a toxic and non-essential metalloid for plants, leading to different phytotoxic effects (Yoon et al., 2015). It exists 
primarily as inorganic arsenate [As(V)] and/or arsenite [As(III)], which are the dominant species in soil environments, and their 
chemical behaviour is heavily influenced by the striking redox reactions of soil (Ascar et al., 2008). Although arsenic occurs naturally 
in the environment, irrigation with As-contaminated water has increased the risk of this metalloid being transferred and accumulating 
in subsequent food chains (Jabłońska-Czapla et al., 2020). It is a potent carcinogen and mutagen, which raises potential hazard and 
concern for both public health and the environment (Kapaj et al., 2006). Having similarity with phosphate (PO4

− 3), As(V) easily enters 
into the plant cell via high-affinity phosphate transporters, while As(III) is incorporated by aquaporin channels (Allevato et al., 2019). 
Both these result in severe toxicity, which is marked by the disturbances in various physiological and biochemical processes and 
genetic stability (Talukdar, 2011). 
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Abstract: The solubilization capacity of a series of sustainable phenylalanine-derived surface-active
ionic liquids (SAILs) was evaluated towards polycyclic aromatic hydrocarbons—naphthalene, an-
thracene and pyrene. The key physico-chemical parameters of the studied systems (critical micelle
concentration, spectral properties, solubilization parameters) were determined, analyzed and com-
pared with conventional cationic surfactant, CTABr. For all studied PAH solubilization capacity
increases with extension of alkyl chain length of PyPheOCn SAILs reaching the values comparable
to CTABr for SAILs with n = 10–12. A remarkable advantage of the phenylalanine-derived SAILs
PyPheOCn and PyPheNHCn is a possibility to cleave enzymatically ester and/or amide bonds under
mild conditions, to separate polycyclic aromatic hydrocarbons in situ. A series of immobilized en-
zymes was tested to determine the most suitable candidates for tunable decomposition of SAILs. The
decomposition pathway could be adjusted depending on the choice of the enzyme system, reaction
conditions, and selection of SAILs type. The evaluated systems can provide selective cleavage of the
ester and amide bond and help to choose the optimal decomposition method of SAILs for enzymatic
recycling of SAILs transformation products or as a pretreatment towards biological mineralization.
The concept of a possible practical application of studied systems for PAHs solubilization/separation
was also discussed focusing on sustainability and a green chemistry approach.

Keywords: surface-active ionic liquids (SAILs); enzymatic decomposition; biodegradability; sustainability;
solubilization; polycyclic aromatic hydrocarbons (PAHs)

1. Introduction

Ionic liquids (ILs) have been widely used in many industries [1–3] and are one of
the core focuses of research over the past two decades [4,5]. ILs are proposed as more
desirable than conventional volatile solvents in many physical and chemical processes,
often referred as “green” solvents [6]. They can be of natural origin and be prepared
by a “benign by design” approach [5,7]. Designing ILs that lead to a reduction in the
losses of solvents as well as less damage to the environment is an important aspect in
green chemistry [6]. Ionic liquids in general fulfil many of the 12 criteria as a green
solvent related to the availability, price, recyclability, synthesis, toxicity, biodegradability,
performance, stability, flammability, storage, and renewability [8]. Ionic liquids can offer
a better alternative to volatile solvents, which has led to its massive use in industrial
applications such as separation and purification, and as chemical catalysts, biorefinery
concepts [3], extractions [1] and others [9–12]

Molecules 2023, 28, 4185. https://doi.org/10.3390/molecules28104185 https://www.mdpi.com/journal/molecules



����������
�������

Citation: Pandya, S.J.; Kapitanov, I.V.;

Banjare, M.K.; Behera, K.; Borovkov,

V.; Ghosh, K.K.; Karpichev, Y. Mixed

Oxime-Functionalized IL/16-s-16

Gemini Surfactants System:

Physicochemical Study and

Structural Transitions in the Presence

of Promethazine as a Potential Chiral

Pollutant. Chemosensors 2022, 10, 46.

https://doi.org/10.3390/

chemosensors10020046

Academic Editor: Núria Serrano

Received: 30 November 2021

Accepted: 17 January 2022

Published: 25 January 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

chemosensors

Article

Mixed Oxime-Functionalized IL/16-s-16 Gemini Surfactants
System: Physicochemical Study and Structural Transitions in
the Presence of Promethazine as a Potential Chiral Pollutant
Subhashree Jayesh Pandya 1, Illia V. Kapitanov 2,† , Manoj Kumar Banjare 1,3 , Kamalakanta Behera 4 ,
Victor Borovkov 2,* , Kallol K. Ghosh 1,* and Yevgen Karpichev 2,*

1 School of Studies in Chemistry, Pt. Ravishankar Shukla University, Raipur 492010, India;
subhashree210490@gmail.com (S.J.P.); manojbanjare7@gmail.com (M.K.B.)

2 Department of Chemistry and Biotechnology, Tallinn University of Technology (TalTech),
12618 Tallinn, Estonia; illia.kapitanov@taltech.ee

3 MATS School of Sciences, MATS University, Pagariya Complex, Pandri, Raipur 492001, India
4 Department of Applied Chemistry (ASAS), Amity University, Gurgaon 122413, India; kamala.iitd@gmail.com
* Correspondence: victor.borovkov@taltech.ee (V.B.); kallolkghosh@gmail.com (K.K.G.);

yevgen.karpichev@taltech.ee (Y.K.); Tel.: +91-771-2263146 (K.K.G.); +372-620-4381 (Y.K.)
† Current Address: Gemini Pharm Chem Mannheim GmbH, 68305 Mannheim, Germany.

Abstract: The increasing concern about chiral pharmaceutical pollutants is connected to environmen-
tal contamination causing both chronic and acute harmful effects on living organisms. The design
and application of sustainable surfactants in the remediation of polluted sites require knowledge of
partitioning between surfactants and potential pollutants. The interfacial and thermodynamic proper-
ties of two gemini surfactants, namely, alkanediyi-α,ω-bis(dimethylhexadecyl ammonium bromide)
(16-s-16, where s = 10, 12), were studied in the presence of the inherently biodegradable oxime-
functionalized ionic liquid (IL) 4-((hydroxyimino)methyl)-1-(2-(octylamino)-2-oxoethyl)pyridin-1-
ium bromide (4-PyC8) in an aqueous solution using surface tension, conductivity, fluorescence, FTIR
and 1H NMR spectroscopic techniques. The conductivity, surface tension and fluorescence measure-
ments indicated that the presence of the IL 4-PyC8 resulted in decreasing CMC and facilitated the
aggregation process. The various thermodynamic parameters, interfacial properties, aggregation
number and Stern–Volmer constant were also evaluated. The IL 4-PyC8-gemini interactions were
studied using DLS, FTIR and NMR spectroscopic techniques. The hydrodynamic diameter of the
gemini aggregates in the presence of promethazine (PMZ) as a potential chiral pollutant and the IL
4-PyC8 underwent a transition when the drug was added, from large aggregates (270 nm) to small
micelles, which supported the gemini:IL 4-PyC8:promethazine interaction. The structural transitions
in the presence of promethazine may be used for designing systems that are responsive to changes in
size and shape of the aggregates as an analytical signal for selective detection and binding pollutants.

Keywords: mixed surfactant system; ionic liquid; gemini surfactants; chiral pollutants; promethazine;
dynamic light scattering

1. Introduction

The increasing concern about chiral pharmaceutical pollutants is connected to environ-
mental contamination causing both chronic and acute harmful effects on living organisms.
It is a problem of direct importance to detect chiral compounds [1], including chiral pol-
lutants of different natures [2]. Using surfactants for increasing analytical signals and,
consequently, reducing the detection concentration of the pollutants is one of the attractive
strategies in chemical analysis [3,4] since it may ensure selective binding of one of the
components, providing more reliable detection in the cases when the structurally similar
compounds are present in the mixture. For example, dimeric (gemini) surfactants were
reported to exhibit selectivity toward the binding of calixarenes modified with different

Chemosensors 2022, 10, 46. https://doi.org/10.3390/chemosensors10020046 https://www.mdpi.com/journal/chemosensors



Chemical fractionation of particulate-bound metal(loid)s to evaluate their
bioavailability, sources and associated cancer risk in India
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H I G H L I G H T S G R A P H I C A L A B S T R A C T

• Chemical fractionation of 11 metal(loid)s
in Indian ambient fine and coarse particu-
lates

• PM2.5 metal(loid)s bioavailable fractions
are 2.4-fold higher than those for coarse
mode.

• Mn has shown highest bioavailable frac-
tion in both fine and coarse particulate
mode.

• Source apportionment of fine and coarse
particulate metal(loid)s bioavailable frac-
tions

• Bioavailable index, contamination factors
and Carcinogenic risks were estimated.

A B S T R A C TA R T I C L E I N F O
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Keywords:
Chemical fractionation
Bioavailable fraction
Source apportionment
Cancer risk
Health risk index
Source markers

Eleven potentially toxic metal(loid)s (Al, As, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, and Zn), proven source markers of mineral
based coal-fired industrial emissions and vehicular exhausts, were analysed using the four steps sequential extraction
method to evaluate metal(loid)s concentration, in total and fractions of bioavailable and non-bioavailable for fine
(PM2.5) and coarse (PM10–2.5) particulate modes. A total of 26-day-wise samples with three replications (total number
of samples = 78) were collected in January–December 2019 for each PM10 and PM2.5 at an urban-residential site in
India. In both the coarse and fine particulate modes, Pb and Cr have respectively shown the highest and lowest total
concentrations of the measured metal(loid)s, indicating the presence of coal-fired power plants and heavy vehicular
activities near to study area. In addition, Mn has shown highest bioavailable fraction for both coarse and fine particu-
late modes. More than 50 % of metal(loid)s concentration, in total to a bioavailable fraction (BAF) were observed in
case of As, Cd, Cr, Co, Mn, Ni, and Pb of PM2.5. Mn and Zn have shown similar behaviour in the case of coarse partic-
ulate mode. Source apportionment of metal(loid)s bioavailable fractions using positive matrix factorization (PMF 5.0)
has found three significant sources: crustal and natural dust (30.04 and 39 %), road traffic (49.57 and 20 %), and in-
dustrial emission (20.39 and 41 %) for coarse and fine particulate mode, respectively. Cancer risk through the inhala-
tion pathwaywas high in total concentration but lower in BAF concentration in both age groups (children and adults).
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Atmospheric Abundance of PM2.5 Carbonaceous Matter and Their
Potential Sources at Three High-Altitude Glacier Sites over the
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ABSTRACT: This study inspects the concentrations of fine
particulate matter (PM2.5) mass and carbonaceous species,
including organic carbon (OC) and elemental carbon (EC), as
well as their thermal fractions in the Indian Himalayan glacier
region at the western Himalayan region (WHR; Thajiwas glacier,
2799 m asl), central Himalayan region (CHR; Gomukh glacier,
3415 m asl), and eastern Himalayan region (EHR; Zemu glacier,
2700 m asl) sites, throughout the summer and winter periods of
2019−2020. Ambient PM2.5 samples were collected on quartz fiber
filters using a low-volume sampler, followed by carbon (OC and
EC) quantification using the IMPROVE_A thermal/optical
reflectance methodology. Different seasonal variations in PM2.5
and carbonaceous species levels were found at all three sites
investigated. Averaged PM2.5 mass ranged 55−87 μg m−3 with a mean of 55.45 ± 16.30 μg m−3 at WHR, 86.80 ± 35.73 μg m−3 at
CHR, and 72.61 ± 24.45 μg m−3 at EHR. Among the eight carbon fractions, high-temperature OC4 (evolved at 580 °C in the
helium atmosphere) was the most prevalent carbon fraction, followed by low-temperature OC2 (280 °C) and EC1 (580 °C at 2%
oxygen and 98% helium). Char-EC representing incomplete combustion contributed to 56, 67, and 53% of total EC, whereas soot-
EC contributed to 38, 26, and 43% of total EC in WHR, CHR, and EHR, respectively. The measured OC/EC ratios imply the
presence of secondary organic carbon, whereas char-EC/soot-EC ratios suggested that biomass burning could be the predominant
source of carbon at CHR, whereas coal combustion and vehicular emission might be dominant sources at WHR and EHR sites.
KEYWORDS: PM2.5, Himalayan glacier aerosol, carbonaceous matters, char-EC and soot-EC, secondary organic aerosol, biomass burning

1. INTRODUCTION
Carbonaceous aerosols, including organic and elemental
carbon, are important components of suspended particulate
matter (PM), especially in the respirable fraction with
aerodynamic diameters less than 2.5 μm(PM2.5).

1 These
carbonaceous aerosols work as climate forcing2 agents and
contribute to glacier retreat via interactions with solar radiation
in the atmosphere.3,4 The Himalayan glacier contains the most
extensive glacial area outside the polar regions and is also
known as the “Third pole”.5 Severe glacier retreat in the
Himalayan region has the potential to disrupt water availability
to billions of residents living in the Indo-Gangetic plain.5−11

Because of lower population density and minimal industrial
activities, the Himalayan region is considered to be one of the
most pristine region, alongside the Arctic and Antarctic.
However, the emergence of atmospheric brown clouds

(ABCs) over south Asia raised environmental concerns.12−14

Numerous studies have suggested that long-range transport of
pollutants from the Indo-Gangetic plain to the Himalayan
region during premonsoon is the vital factor.15,16 In addition,
local sources from low lands of the Himalayan region also
contribute to air pollution.17 Most of studies were conducted
in the foothills18−20 rather than high altitudes of the Himalayan
region.21−23 This study measures ambient PM2.5 and carbona-
ceous matter (OC and EC) over three subregions of
Himalayan glacier locations to evaluate associated spatiotem-
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ABSTRACT: During the summer and winter periods of 2019−2020, we conducted sampling of fine
mode ambient aerosols in the western Himalayan glacial region (WHR; Thajiwas glacier, 2799 m asl),
central Himalayan glacial region (CHR; Gomukh glacier, 3415 m asl), and eastern Himalayan glacial
region (EHR; Zemu glacier, 2700 m asl). We evaluated the aerosol optical properties, which included
the mass absorption coefficient, mass absorption efficiency, mass scattering efficiency, absorption
angstrom exponent, single scattering albedo, as well as their simple radiative forcing efficiencies. We
observed the highest absorption in the near ultraviolet−visible wavelength range (200−400 nm), with
CHR showing the highest absorption compared to the other two sites, WHR and EHR, respectively.
Across the wavelength range of 200−1100 nm, the overall contribution of black carbon to light
attenuation was greater than that of brown carbon. However, brown carbon dominated the
absorption in the near UV−visible wavelengths, providing evidence of its non-trivial presence over the
Himalayan region. Additionally, we observed a positive radiative forcing (W/g), which leads to net
warming at these sites. The findings of this ground-based study contribute to our understanding of
the light-absorbing nature of carbonaceous aerosols and their impact on the Himalayan glacier regions.
KEYWORDS: light-absorbing aerosols, carbonaceous matters, radiative forcing, Himalayan glacier, brown and black carbon

1. INTRODUCTION
The Himalayas, often called the “Third Pole” or the “Asian
water tower,” have witnessed excessive glacier melting in recent
decades.1 Carbonaceous aerosols of anthropogenic origin
significantly contribute to glacier melting.2 Aerosols deposited
on the glacier surface reduce its albedo (reflectivity) and
accelerate the melting process. Glacier melting has far-reaching
implications, including climate change, water resource
availability for downstream communities, and alterations in
river flow patterns. Carbonaceous aerosols are primarily
generated by natural sources like volcanic eruptions and sea
spray, as well as human activities such as fossil fuel combustion
and biomass burning. During the pre-monsoon period, the
primary driver of carbonaceous aerosol abundance over the
Himalayas is the long-range transport from the Indo-Gangetic
plains.3,4 In addition to long-range transport, local sources such
as cooking and heating activities also contribute a significant
amount of carbonaceous aerosols to the nearby atmosphere.

The major components of carbonaceous aerosols include
organic carbon (OC), elemental carbon (EC), sulfate, mineral
dust, and nitrate. OC and EC, also known as brown carbon
(BrC) and black carbon (BC), respectively, due to their light-
absorbing nature toward solar radiation, play a crucial role in

climate forcing by influencing the radiative balance and cloud
formation.5 BC is known to warm the atmosphere by
absorption of solar radiation, whereas OC shows strong
scattering behavior across the broad range of the solar
spectrum.6,7 However, recent studies have observed that OC
exhibits strong absorption in the near ultraviolet wavelengths
of the shortwave spectrum.8−11 Smoldering or low-temperature
combustion of biomass burning is a major source of
BrC.8,9,12−14 Previous studies examining light absorption by
OC and EC have shown that OC has lower absorption than
BC in the ambient atmosphere, from the near infrared to UV−
visible spectrum.15 However, OC can have mass emissions that
is 3−12 times larger than that of BC, making it important to
study the light absorption properties of BC and OC
component wise.16,17
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Highlights

• Functionalized asphaltene was prepared and applied for the removal of Cr and

Pb

• The maximum adsorption capacity for Cr was 833.3 mmolg  and for Pb 22.42

mmolg  at 4.5 pH

• Thermodynamic studies shows that the adsorption is spontaneous and

endothermic.

Abstract

For the first time, functionalized asphaltene has been designed, synthesized, and used for the removal of heavy

metals from the water. Asphaltene was separated from the crude oil with the addition of n-alkanes. Asphaltene

having a complex chemical structure including multilayered and clustered aromatic fused rings bearing aliphatic

chains. Asphaltene also contains heteroatoms like N, S, and O atoms along with Ni and V as prominent trace metals.

On functionalization of asphaltene with nitric acid, the aliphatic chains and some of the naphthenic rings broke

down and developed –COOH, –C O, C–O, and other oxygen functional groups which are playing key roles as

surface-active agents in the removal of the heavy metals via chemisorption. The study was conducted using

different parameters such as dose, time, pH, and concentration. The adsorption efficiency for this material at pH 4 is

excellent for the removal of chromium and lead. The Langmuir, Freundlich and Temkin adsorption isotherm models

as well as Lagergren pseudo second-order kinetic model were investigated. The positive enthalpies ΔHs confirm

that the adsorption process is endothermic and the negative free energies ΔGs confirm the spontaneity of the

process. The good efficiency of the adsorption implies the efficacy in the removal of the heavy metal ions, as well as
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the good efficiency in desorption, which implies the excellent recovery of the adsorbent. The effective reusability of

this adsorbent makes it applicable for industrial water treatment from contaminants.

Graphical abstract
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Download : Download full-size image

Introduction

The consumption of crude oil increased dramatically in the last decades. About 70% of the heavy crude oil residue is

drilled out and a very small amount is being used without significant process (Speight, 1990).

One of the fractions that are considered as the most troublemaker is the asphaltenes in the refinery and cracking

processing of the petroleum, that's due to the precipitation of the asphaltenes can reduce the flow of the oil and

also can lead to blockage problems in several types of equipment (Cimino et al., 1995). Moreover, these compounds

can form sludges and can deactivate the hydro-desulfurization and hydro-cracking catalysts which lead to a

reduction in conversion efficiency for the two processes (Bartholomew, 1994; Miyauchi and de Wind, 1994).

The structure of these compounds was very difficult to study due to their chemical complexity & composition, it

was reported that this material is composed of poly-aromatic groups in the center connected with alicyclic and

aliphatic groups along with some heteroatoms and some metal ions (Hasan et al., 1988; Shirokoff et al., 1997).

The contamination of water by heavy metal ions is a very serious issue, the source of these metals are different

industries such as mining, battery, and other chemical industries. Small concentrations of these heavy metal ions

can cause dangerous diseases such as anaemia, cancer, renal and kidney failure, mental retardation, and other

serious diseases (Nordberg et al., 2014).

These metal ions are non-biodegradable that's why they need to be removed from the water. There are many

methods available for the removal of these materials such as hydroxide or sulfide precipitation, ion exchange,

flocculation, membrane separation, and adsorption. Among these methods, adsorption is one of the most promising

and effective methods due to its eco-friendly, simple, cost-effectiveness, and applicability for the industry.

Many sorbents are used for the removal of these heavy metals such as activated carbon (Rao et al., 2007), fly ash

(Ayala et al., 1998), peat (Ho and McKay, 1999), recycled alum sludge (Chu, 1999), peanut hulls (Brown et al., 2000),

resins (Diniz et al., 2002), kaolinite (Arias et al., 2002), zeolite (Biškup and Subotić, 2005), biomaterials, carbon

nanomaterial (Ekmekyapar et al., 2006; Li et al., 2004), and multi-walled carbon nanomaterial (Rao et al., 2007)

Graphene Oxide (Sahoo and Hota, 2019). But there are several drawbacks for metal oxides due to their poor stability

and corrosion. On the other hand, carbon-based materials such as graphene oxide (GO), carbon nanotubes (CNTs),

and different forms of carbon have been widely used due to their high surface area, stability, and reusability.

Moreover, recently the functionalization of carbon-based materials has attracted great attention due to their strong
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affinity towards metal ions (Shaikh et al., 2021, Siddiqui, 2017, Siddiqui et al., 2020, Siddiqui et al., 2021, Suliman et

al., 2020). Functionalization of carbon-based material can generate high surface active sites such as –OH, –COOH, –C

O, -C-O, –NH , and -S- etc resulting in enhanced hydrophilicity and wettability as well as they play key roles for

strong interaction with metal ions by complexation, hard-hard or borderline hard and soft interaction. Although,

GO and CNTs have been widely used as an adsorbent but due to their limitations and cost-effectiveness, it is needed

to develop low cost, reusable and environmentally friendly materials.

Looking to the current scenario, in this work the asphaltenes have been isolated and functionalized as adsorbents

for the removal of water pollutants such as some types of heavy metals ions (Cr and Pb). Hexavalent chromium and

lead are known to be mutagenic and carcinogenic in nature (IARC 2012). WHO water quality standards recommend

permissible limits of hexavalent Cr (0.05 mg.L ) and Pb (0.01 mg.L ) for potable water (WHO, 2017). Many

industrial effluents including textile industries, metal finishing, leather tanneries and lead acid batteries are known

for higher contents of Cr(VI) and Pb(II) ions and contaminate the adjoining natural water streams and soils (Mahato

et al., 2016; Singh et al., 2017). Looking in to the advantages of the functionalized asphaltene, different functional

group such as –OH, COOH, –NH , -S- etc act as chelation centres to bind with metal ions and remove the Cr(VI) and

Pb(II) from water via hard-hard or borderline hard and soft interaction (Ravikumar et al., 2016). In cases of most of

the environmental samples, Cr(VI) and Pb(II) are found in ionic forms and asphaltene has different functional

groups which can bind either with coordinated bond due to presence of lone pair of electron on O, N and C or ion

exchange mechanism takes place at certain pH (Xiao and Lin, 2020).

There are several advantages to use functionalized asphaltene such as reusability, low cost, durability, and the

presence of surface-active functional groups such as –COOH, –OH, –C O, -C-O, –NH , and -S- etc show more

promising behaviour to adsorb metal ions. Heavy metal ions could interact with the hydrophilic functional group

through H-bonding or complexation and electrostatic interaction and can adsorb more metal ions than non-

functionalized (Coughlin and Ezra, 1968; McKay et al., 1985; Yang and Xing, 2010).As functionalized asphaltene is

metal-free and has high surface-active agents influencing the adsorption performance and can open the new

window to develop sustainable material from the waste.

Section snippets

Asphaltenes separation

About 7.0 g of Arabian heavy residue was transferred to a beaker and heated with a very small amount of n-heptane.

The solution was mixed properly and transferred to 2 L container, then to this solution 700 ml of n-heptane was

added. The solution was placed in a mechanical shaker with a water bath. To increase the residue solubility in the

heptane, it was heated at 90 ᴼC for 2 h with continuous stirring. Then the solution was covered using aluminium foil

and was stand for cooling overnight. The …

Functionalized asphaltenes characterization

The functionalized asphaltenes were characterized using different techniques: SEM, FT-IR, Elemental analysis, and

EDX.

Fig. 1 represents the IR spectra of AH asphaltene and functionalized asphaltene. The presence of a broad peak at

3450 cm  is due to the –OH stretching frequency in both samples. After functionalization, the peak appeared at

1720 cm , which confirms the presence of the carbonyl (C O) group compared to the non-functionalized.

Moreover, there are other peaks such as at 2925 cm …

Adsorbent regeneration and reuse

2

−1 −1
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2
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The regeneration and the reusability of the adsorbent were investigated for the two contaminants (Table 5, Table

6(b)), two solutions were used for the regenerate 0.4g of the adsorbent was placed in 30 ml of 0.1M sulfuric acid

solution and 0.1M hydrochloric acid and the desorption time was from 10 min to 24 h, as we can see in the table

below the Pb ions were almost removed from the adsorbent in hydrochloric solution but it didn't desorb from the

adsorbent in sulfuric acid solution, the Cr ions …

Conclusion

A novel adsorbent from the functionalization of asphaltenes was prepared to form low-cost material with very good

yield. The adsorbent was found to have a good removal efficiency for Cr and Pb ions due to the development of

functional groups such as –C O, –COOH, -C-O, and others. These functional groups are responsible for the ion

exchange and complexation with the metals. The adsorption process obeyed Langmuir, Freundlich and Temkin

isotherm models and, also fitted Lagergren pseudo second-order …
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Abstract. Brain signals for the human-computer interface is a research interest in recent years. 

The brain is the most vital part of our body. It handles and manages all types of activities of 

the body. Brain signals appear when neurons inside the brain send electrical impulses to 

communicate and elicit electrical potentials. This electrical activity can be measured by 

Electroencephalogram (EEG) through electrodes. EEG signals can help to recognize human 

emotions effectively. It is a non-invasive method to collect brain signals. In this paper, we 

have studied the subject-dependent and subject-independent analysis for four emotions (happy, 

sad, fear, and neutral) using the SEED-IV dataset of EEG signals for emotion. The raw EEG 

signals of the SEED-IV dataset have been preprocessed to remove unwanted signals and noise. 

32 statistical features have been extracted from the preprocessed EEG signals and used as 

input for classifiers. Here, we achieved an average of 95.73% accuracy for 15 subjects for 

subject-dependent analysis for emotional classification using a cubic support vector machine 

(SVM). Based on cubic SVM and fine Gaussian SVM, we achieved an average classification 

accuracy of 78.46% and 83.7% for subject-independent analysis. 

 

Keywords: Electroencephalogram, Support Vector Machine, Emotion 

1. Introduction 

Complex psychological and physiological states known as emotions can be brought on by both 

internal and external factors. They are subjective experiences that involve a range of cognitive, 

behavioral, and physiological responses [1,2]. Some common emotions are fear, anger, happiness, 

surprise, sadness, love, and disgust. Emotions are also categorized as positive or negative emotions, as 

they vary in duration and intensity. They are affected by various reasons, including genetics, culture, 

upbringing, personality, and experiences. Emotions play an important role in communication. 

mailto:dewanganneha92@gmail.com


 

 

 

 

 

 

Long Short Term Memory Network based Emotion 

Recognition using Speech Signals 

 

 

 

Abstract. The inherent emotion in human speech plays a key role in effective communication. 

Human-computer interactions are drastically increasing as more advanced technologies are 

growing. The state-of-the-art research field in artificial intelligence is to understand human 

emotion and take decisions according to the input emotions. The emotion recognition-based 

models can be utilized to develop some improved applications like virtual assistants, 

interactive video games, entertainment, etc. In the present work, we have proposed an LSTM 

network-based multiclass emotion detection model using the SAVEE dataset. Fusion of Mel 

frequency magnitude coefficients (MFMC) and the Mel frequency cepstral coefficients 

(MFCC) are the features. The performance of the multiclass emotion recognition model is 

evaluated using a 5-fold data division protocol.  

Keywords: LSTM, Speech signal, MFMC, MFCC, Speech emotion recognition 

1.  Introduction 

Speech is the regular way of communication that used to convey the information and sentiment of the 

speaker to the listener [1]. The inherent sentiments in the speech are plays a key role in the human 

communication. There are many applications reported based on human machine interaction. Speech 

emotion recognition (SER) is one of the prominent approaches in human machine interaction. Some 

emerging applications based on SER are like Smart health services, interactive video games, call 

center, digital assistant, lie and stress detection etc. [1]. There are various approaches available for 

emotion recognition like electroencephalogram (EEG), speech, facial image and gesture, text, etc. 

Among the various approaches, Speech based approach that means SER is the most feasible way of 

emotion recognition.                

2.  Related Works 

Badshah et al. (2017) reported three convolution layer based SER technique [2]. In this method, the 

speech signals were converted into spectrogram of seven emotions namely neutral, fear, anger, happy, 

sadness, disgust and boredom of berlin data set. Two different experiments were performed using 

CNN. Using new CNN network prediction accuracy more than 50% were achieved for four emotion 

namely anger, boredom, disgust and sad. In the second experiment a pre-trained Alex Net with transfer 

learning approaches was utilized. CA improvement was reported using transfer learning for emotion 
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university 

Dutch, English Developmental, 

Personality
Dongning Ren Tilburg University Tilburg Netherlands d.ren@uvt.nl Yes 100 Dutch 

university 

Dutch, English Social

Mark Brandt Tilburg University Tilburg Netherlands  m.j.brandt@tilburgu

niversity.edu

yes 150 for any 

given study

Includes 

Dutch 

English/Dutch computers/qualtrics/inquisit social

Gerit Pfuhl UiT The Arctic 

University of Norway

Tromso Norway  Gerit.pfuhl@uit.no yes 100 in 

spring, 20-30 

 2 year 

psychology 

norwegian but fluent in 

english

access to inquisit, matlab, 

qualtrics, python

cognitive, neurocognitive

Janis Zickfeld University of Oslo Oslo Norway Janis Zickfeld, Thomas 

Schubert

jhzickfeld@gmail.co

m

Yes 100 1 year 

psychology 

Norwegian (fluent in English) E-Prime, Inquisit, Presentation, 

Qualtrics

Social

Michal Parzuchowski SWPS University of 

Social Sciences and 

Sopot Poland Bogdan Wojciszke, 

Kamil Tomaszewski

mparzuchowski@s

wps.edu.pl

Yes >500 for 

online <150 

where 

needed

Undergrad

uate 

Polish Inquisit, E-prime, PsychoPy, 

Biopac (EMG, Spiro, Temp, 

Social/Cognitive

Samuel Lins University of Porto Porto Portugal  samuel.bezerra.lins

@gmail.com

yes maximum 

100 (60 

University 

students

Portuguese Social

Ivan Ivanchei Russian Academy of 

National Economy and 

Moscow Russia ivancheyii@gmail.co

m

Yes 100 undergradu

ates 

Russian E-prime, PsychoPy, Matlab, R, 

Eye-tracker, EEG

Cognitive

Vanja Ković Laboratory for 

Neurocognition and 

Belgrade Serbia  Vanja Ković, Anđela 

Šoškić

vanja.kovic@f.bg.ac

.rs

yes 100 in 

spring, 100 

University 

students

Serbian ERP - Neuroscan, SMI eye-

tracker

cognitive, neurocognitive

Iris Zezelj University  of Belgrade Belgrade Serbia izezelj@f.bg.ac.rs yes 300 Based on 

needs

University 

students; 

Serbian, Bosnian Inquisit, OpenSesame, Survey 

Monkey, Computer lab with 10 

Social

Gabriel Baník Institute of 

Psychology, University 

Presov Slovakia Gabriel Baník, Ivan 

Ropovik, Matúš 

gabriel.banik@gmail

.com, 

yes 150 undergradu

ates 

Slovak Cognitive, Social, 

Clinical, Psychometrics
Miguel Vadillo Universidad 

Autónoma de Madrid

Madrid Spain miguel.vadillo@uam

.es

Yes 100 Undergrad

uate 

Spanish Matlab, PsychToolbox, PsychoPy Cognitive

Zoltan Kekecs Lund University Lund Sweden zoltan.kekecs@psy.

lu.se

yes 100 Methodologic

al 

no 

possiblity 

Swedis, but English may 

also be possible

clinical psychology, 

behavioral psychology
Evie Vergauwe university of Geneva Geneva Switzerland Kim Uittenhove Evie.Vergauwe@uni

ge.ch

Yes maximum 

100 (50 

Community 

Building and 

first year 

psychology 

French e-prime, MAtlab Cognitive, developmental

Sau-Chin Chen Tzu-Chi University Hualian Taiwan  pmsp96@gmail.co

m

Yes 100 Anywhere 

needed

University 

Students

Chinese (Written in 

Traditional Chinese)

Opensesame, Gorilla Cognitive

Harry Manley Chulalongkorn 

University, Bangkok

Bangkok Thailand  harrisonmanley@g

mail.com

Yes 100 (~300 1st 

Year 

Thai / English Inquisit, PsychoPy, E-Prime Cognitive / Social

Adil Saribay Bogazici University Istanbul Turkey  adil.saribay@boun.e

du.tr

yes 100 Introductor

y 

Medialab, DirectRT, E-Prime, 

PsychoPy



Tara Marshall Brunel University 

London

London UK  Tara.Marshall@brun

el.ac.uk

yes 100 Introductor

y 

English ePrime, Qualtrics, Inquisit Social, personality

Gavin Sullivan Coventry University Coventry UK Chris Day, Vanessa 

Gaffar (from Indonesia 

Ab7809@coventry.a

c.uk

Yes 150 or more - 

 see subject 

Indonesia is 

possible also

University 

students 
Benjamin Vincent University of Dundee Dundee UK  b.t.vincent@dundee

.ac.uk

Yes 50 (joint with 

Dr Saunders, 

University 

students

English Matlab, PsychoPy Cognitive

Blair Saunders University of Dundee Dundee UK  b.z.saunders@dund

ee.ac.uk

Yes 50 (joint with 

Dr Vincent, 

English

Miroslav Sirota University of Essex Colchester UK  msirota@essex.ac.

uk

yes 100 1st year 

students 

English Qualtrics, Inquisit, (E-prime & 

Matlab in the lab)

Cognitive/Social

Christopher R. 

Chartier

Ashland University Ashland USA Christopher R. Chartier, 

Dana Awlia, Nicholas 

cchartie@ashland.e

du, 

yes 300 Project 

Coordination, 

Traditional 

USA 

English ePrime, MedliaLab, BioCapture Social, Meta

Brady Wiggins Brigham Young 

University - Idaho

Idaho USA Brady Wiggins wigginsb@byui.edu Yes 100 - 300 Where 

needed

Psychology 

 students

English Qualtrics, Matlab, OpenSesame, 

likely access to other software if 

Clinical, Theoretical and 

Philosophical, Methods
Dustin Calvillo California State 

University San Marcos

San 

Marcos

USA Dustin Calvillo dcalvill@csusm.edu Yes ~100 Undergrad

uate 

English Computers, Eprime, qualtrics 

account 

Cognitive

Nikki Legate Illinois Institute of 

Technology

Chicago USA Nikki Legate nlegate@iit.edu Yes In lab - 100, 

online - 200

Undergrad

uate 

English

Jack Arnal McDaniel College Westminst

er

USA  Jarnal@mcdaniel.ed

u

yes ~100 Liberal 

Arts 

English SuperLab, Qualtrics Cognitive (but happy to 

contribute to any subfield)
William Chopik Michigan State 

University

East 

Lansing

USA William Chopik chopikwi@msu.edu Yes 200 Undergrad

uate 

English Psychopy, Qualtrics, could easily 

add others if needed

social, personality, 

developmental
Randy McCarthy Northern Illinois 

University

DeKalb USA  rmccarthy3@niu.ed

u

yes 200 Introductor

y 

English Social

Ernest Baskin Saint Joseph's 

University

Philadelphi

a

USA Ernest Baskin ebaskin@sju.edu yes 100 Principles 

of 

English

Kathleen Schmidt Southern Illinois 

University Carbondale

Carbondale USA  kathleenschmidt1@

gmail.com

Yes 200-300 Where I'm 

needed and 

Intro 

Psychology

English ePrime, MediaLab, Qualtrics; 

could add others and probably 

Social Cognitive

Justin Robert Keene Texas Tech University Lubbock USA  justin.r.keene@ttu.e

du

Yes 200 Mass 

Communic

English ePrime, MediaLab, Biopac, 

Qualtrics

Cognitive

Heather Urry Tufts University Medford USA  heather.urry@tufts.e

du

yes 100 undergradu

ates at 

English E-Prime, Inquisit, Qualtrics, 

Biopac, Tobii Eyetracker, Matlab

Affective Science

Gwen Gardiner UC - Riverside Riverside USA  ggard001@ucr.edu Yes 100 Undergrad

uate 

English Personality

J. Protzko University of 

California, Santa 

Santa 

Barbara

USA J. Protzko protzko@gmail.com Yes 60 for 30-

minute 1-

500 

introductor

English

Daniel Storage University of Illinois Urbana-

Champaign

USA Daniel Storage research@danielsto

rage.com

yes 100 Undergrad

uate 
Crystal N. Steltenpohl University of Southern 

Indiana

Evansville USA Crystal N. Steltenpohl cnsteltenp@usi.edu Possibly Hopefully 100 Where 

needed

Sona 

systems, 

English Trying to get MediaLab, 

supposed to be getting Qualtrics; 

Community, social

Nicholas Coles University of 

Tennessee

Knoxville USA Deanna Jordan 

(djorda17@vols.utk.edu) 

colesn@vols.utk.ed

u

Yes 250 Anywhere 

needed

Undergrad

uate 

English E-Prime, Qualtrics, Camtasia, 

Video recording, Video 

Social/Affective

Mike Mensink University of 

Wisconsin-Stout

Menomonie USA Desiree Budd, Sarah 

Wood

mensinkm@uwstout

.edu

Yes 100 Undergrad

uate 

English Qualtrics, E-Prime, Biopac, SMI 

eye-tracker

Cognitive/Social

Henrik Danielsson Linköping University Linköping Sweden henrik.danielsson@l

iu.se

Possiby Methodology 

and Data 

Students Swedish Cognitive

Cynthia Fu University of East 

London

London UK c.fu@uel.ac.uk Possiby

Liam Satchell University of West 

London

Ealing UK liam.satchell@uwl.a

c.uk

Possibly 

training UG 

Perhaps 100 

(uncertain 

No subject 

pool

English Qualtrics Forensic (legal and 

criminological) 
Tony Buchanan Saint Louis University St. Louis USA tbuchan7@slu.edu Possibly Undergrad

uate 

English E-Prime, Qualtrics, eye tracking, 

autonomic psychophysiology, 

affective, neuro

Luis H. Favela University of Central 

Florida

Orlando USA luis.favela@ucf.edu Possibly Undergrad

uate 

English Cognitive, perception-

action
Yarrow Dunham Yale University New Haven USA yarrow.dunham@yal

e.edu

Possibly Undergrad

uate 

English Inquisit, Qualtrics Social/Cognitive/Develop

mental
Kai Horstmann Humboldt-Universität 

zu Berlin

Berlin Germany Kai Horstmann kaitobiashorstmann

@gmail.com

No Methodologic

al 

Psychometrics

Anna Szabelska Queen's University 

Belfast

Belfast Northern 

Ireland

aszabelska01@qub.

ac.uk

No N/A data 

analysis, 

English, Polish R, Python, SPSS, Microsoft Azure Cognition

Miguel A. Silan University of the 

Philippines Diliman

Quezon 

City

Philippines  MiguelSilan@gmail.

com

No Methodologic

al 

English, Tagalog, Bisaya Social / I/O

Hannah Moshontz Duke University Durham USA Hannah Moshontz hmoshontz@gmail.c

om

No Undergrad

uate 

English Qualtrics, can likely get access 

to other specialized computer 

Social

Melissa Kline MIT Cambridge USA  mekline@mit.edu No NA Developmental, Cognitive

S. Mason Garrison Vanderbilt University Nashville USA S. Mason Garrison s.mason.garrison@

gmail.com

No No Methodologic

al 

R R, Mplus, git, computing Cloud, 

SAS

Quantitive/Differential

Pekka Santtila NYU Shanghai Shanghai China  pekka.santtila@nyu.

edu

Hopefully University 

students

Chinese Legal Psychology

Jan Antfolk Åbo Akademi 

University

Turku Finland  jantfolk@abo.fi Hopefully Population-

based 

Finnish, Swedish

Hans IJzerman Université Grenoble 

Alpes

Grenoble France  h.ijzerman@gmail.c

om

 Yes Unknown for 

me so far. 

social

Michelangelo Vianello University of Padova Padova Italy  michelangelo.vianell

o@unipd.it

 Yes 100 Master 

students in 

Italian Inquisit

Oscar Oviedo-

Trespalacios

Centre for Accident 

Research and Road 

Brisbane Australia  oscar.oviedotrespal

acios@qut.edu.au

 

Ryan Perry University of 

Melbourne

Melbourne Australia  ryanmalkmus@gma

il.com

 

Khandis Blake University of New 

South Wales

Sydney Australia  k.blake@unsw.edu.

au

 University 

students 

English Medialab, Qualtrics, Inquisit, Eye-

tracking, ePrime

social/evolutionary

Tiago Lim University of Fortaleza Fortaleza Brazil  tiago.souzalima@ho

tmail.com

 



Jill A. Jacobson Queen's University Kingston Canada  jill.jacobson@queen

su.ca

 

Bernard Université du Québec 

à Montréal

Montreal Canada  bernard.paquito@uq

am.ca

 

John R. Vokey University of 

Lethbridge

Lethbridge Canada  vokey@uleth.ca  

Patricia Brosseau-

Liard

University of Ottawa Ottawa Canada  pbrossea@uottawa.

ca

 

Ravin Alaei University of Toronto Toronto Canada  ravin.alaei@mail.uto

ronto.ca

 

Julia zhao Shanxi Normal 

University

Shaanxi China  18335181126@163.

com

 

Vojtech Zika Center for Behavioral 

Experiments (CEBEX)

Prague Czech 

Republic

 vojtech.zika@cebex

.org

 

Andero Uusberg University of Tartu Tartu Estonia  andero.uusberg@ut.

ee

 

Eric Karlsson Fakulteten för 

humaniora, psykologi 

Turku Finland  epa.karlsson@gmail

.com

 Psytools, Soile, Eye-tracking, 

SurveyAnalytics, 

Evolutionary, Forensic, 

Cognitive, Social
Armand Chatard Université de Poitiers 

& CNRS, France

Poitiers France  armand.chatard@un

iv-poitiers.fr

 

Christoph Stahl Department for 

Psychology, University 

Cologne Germany  christoph.stahl@uni-

koeln.de

 

Benjamin Gagl Goethe Universität 

Frankfurt 

Frankfurt Germany  gagl@psych.uni-

Frankfurt.de

 

Philipp Kanske Technische 

Universität Dresden

Dresden Germany  philipp.kanske@tu-

dresden.de

 

Johannes Lutz Universität Potsdam Potsdam Germany  jlutz@uni-

potsdam.de

 

Bettina Schwörer University of Hamburg Hamburg Germany  bettina.schwoerer@

uni-hamburg.de

 English, German Motivation and Self-

Regulation
Lea Hildebrandt University of 

Wuerzburg

Wurzburg Germany  lea.k.hildebrandt@g

mail.com

 

DR Abhijit Das AMRI Institute of 

Neurosciences

Kolkata India  abhijit.neuro@gmail.

com

 

Michael Gilead Ben-Gurion University Beersheba Israel  michael.gilead@gm

ail.com

 

Daniel Lakens Eindhoven University 

of Technology

Eindhoven Netherlands Anne Scheel 

(a.m.scheel@tue.nl), 

D.Lakens@tue.nl  Methodologic

al 

Dutch Meta

Alan KS Nielsen Max Planck Institute 

for Psycholinguistics

Nijmegen Netherlands  alan@languageevol

ution.com

 

Mark Verschoor University of 

Groningen

Groningen Netherlands  m.verschoor@rug.nl  

Simon Columbus Vrije Universiteit 

Amsterdam

Amsterdam Netherlands  simon@simoncolum

bus.com

 

Michael Philipp Massey University Palmerston 

 North

New Zealand  M.Philipp@massey.

ac.nz 

 ≤ 100 university 

students 

English Psychpy, DirectRT, Qualtrics, 

Biopac/Acknowledge (EMG, 
Katarzyna Jasko Jagiellonian 

University, Institute of 

Krakow Poland  kasia.jot@gmail.co

m

 

Dmitry Lyusin Higher School of 

Economics

Moscow Russia  ooch@mail.ru  

Ljiljana Lazarevic Institute of 

Psychology, 

Belgrade Serbia  ljiljana.lazarevic@f.

bg.ac.rs

 

Taehwan Yoon Ph.D. ICS, Seoul National 

University, Korea

Seoul South Korea  thyoon93@snu.ac.k

r

 

Oskar Flygare Karolinska Institutet Solna Sweden  oskar.flygare@ki.se  

Peter Edelsbrunner ETH Zurich Zurich Switzerland  peter.edelsbrunner

@gmail.com

 

Florian Brühlmann University of Basel Basel Switzerland  florian.bruehlmann

@unibas.ch

 

Tim Böttger University of St. Gallen St. Gallen Switzerland  tim.boettger@unisg.

ch

 

Hamza Dincer Boğaziçi University Istanbul Turkey  hamzamustakdincer

@gmail.com

 

Sami Gulgoz Koc University Istanbul Turkey  sgulgoz@ku.edu.tr  

Anıl Şafak Kaçar Koç University Istanbul Turkey  akacar@ku.edu.tr  

İlker Dalğar Middle East Technical 

University

Ankara Turkey ilkerdalgar@gmail.c

om

 

Vera Kempe Abertay University 

Dundee

Dundee UK  v.kempe@abertay.a

c.uk

 

Emily S. Cross Bangor University Gwynedd UK  e.cross@bangor.ac.

uk

 

Ruth Horry Swansea University Swansea UK  R.horry@swansea.a

c.uk

 

Stephanie Rossit University of East 

Anglia

Norwich UK s.rossit@uea.ac.uk  

Zander Crook University of Edinburgh Edinburgh UK  zander.crook@ed.a

c.uk

 

Alexa Morcom University of Edinburgh Edinburgh UK  Alexa.morcom@ed.

ac.uk

 

Lisa DeBruine University of Glasgow Glasgow UK  lisa.debruine@glasg

ow.ac.uk

 



Ben Jones University of Glasgow Glasgow UK  ben.jones@glasgow

.ac.uk

 

Ekaterina Damer University of Sheffield Sheffield UK  ek.damer@gmail.co

m

 

Manuela Thomae University of 

Winchester

Winchester UK  manuela.thomae@g

mail.com

 

Cylcia Bolibaugh University of York York UK  cylcia.bolibaugh@yo

rk.ac.uk

 

Lauren Skorb Boston College Boston USA  info@l3atbc.org  

Joshua Grubbs Bowling Green State 

University

Bowling 

Green

USA  GrubbsJ@BGSU.ed

u

 

Jessica Urschel Eastern Washington 

University

Seattle USA  jurschel@ewu.edu  

Erica Musser Florida International 

University 

Miami USA  Emusser@fiu.edu  

Sue Kraus Fort Lewis College Durango USA  Kraus_s@fortlewis.

edu

 

Katie Corker Grand Valley State 

University

Allendale USA  k.corker@gmail.co

m

 

Brent Donnellan Michigan State 

University

East 

Lansing

USA  donnel59@msu.edu  

Christopher M. 

Castille

Nicholls State 

University

Thibodaux USA  Christopher.castille

@nicholls.edu

 

Shelia Kennison Oklahoma State 

University

Stillwater USA  Shelia.kennison@ok

state.edu

 

Natalia Van Doren Penn State University University 

Park

USA  nataliavandoren@p

su.edu

 

Brad Wyble Penn State University 

(University Park)

University 

Park

USA  bwyble@gmail.com  

Sean Duffy Rutgers university - 

Camden

Camden USA  Seduffy@scarletmai

l.rutgers.edu

 

Uma Karmarkar UCSD San Diego USA  ukarmarkar@ucsd.e

du

 

Patrick Forscher University of Arkansas 

Department of 

Fayetteville USA  forscher@uark.edu  

Dan Relihan University of California 

Irvine

Irvine USA  drelihan@uci.edu  

Jacinth Tan University of 

California, San 

San 

Francisco

USA  jacinthjx.tan@gmail.

com

 

Jake Womick University of Missouri 

Columbia 

Columbia USA  Jjwzp5@mail.misso

uri.edu

 

Doug Markant University of North 

Carolina, Charlotte

Charlotte USA  dmarkant@uncc.ed

u

 

Alexander Danvers University of Oklahoma Norman USA  alexander.danvers

@gmail.com

 

Allan Clifton Vassar College Poughkeep

sie

USA  Alclifton@vassar.ed

u

 

Jennifer Joy-Gaba Virginia 

Commonwealth 

Richmond USA  jjoygaba@vcu.edu  

Jeremy Miller Willamette University Salem USA  millerj@willamette.e

du

 

Ernst Koster Ghent University Ghent Belgium  ernst.koster@ugent.

be
Andrea Howard Carleton University Ottawa Canada andrea.howard@car

leton.ca

Varies. 

Individual 

I am currently using smartphone 

apps for collecting EMA data, 

Developmental and 

quantitative psychology
Melanie Soderstrom University of Manitoba Manitoba Canada M_Soderstrom@um

anitoba.ca

access to 

a typical 

English

Christian Hahn University of Western 

Ontario

London Canada chahn@uwo.ca

Etienne LeBel University of Western 

Ontario

London Canada etienne.lebel@gmail

.com
Flake York University York Canada kayflake@gmail.co

m

measurement 

 and analysis 
Qinglan Liu Hubei University Wuhan China qlcactus16@gmail.c

om
Oliver Muller Universidad del 

Rosario, Bogotá

Bogota Colombia oliver.muller@urosa

rio.edu.co
Chevallier Coralie Ecole Normale 

Supérieure

Paris France coralie.chevallier@g

mail.com
Lars Schulze Freie Universität Berlin Berlin Germany lars.schulze@fu-

berlin.de 
Chuan-Peng Hu Johannes Gutenberg 

University Medical 

Center

Mainz Germany hcp4715@gmail.com

Wiebke Herrmann University of Hamburg Hamburg Germany wiebke.herrmann@

uni-hamburg.de
Pamei Gairanlu Jawaharlal Nehru 

University

New Dehli India pameigairan@gmail

.com
Bastiaan Rutjens University of 

Amsterdam

Amsterdam Netherlands b.t.rutjens@uva.nl

Maria Eryzhenskaia Higher School of 

Economics

Moscow Russia Lindmon@ya.ru

mailto:hcp4715@gmail.com


Olga Perepelkina Lomonosov Moscow 

State University

Moscow Russia neptizzza@gmail.co

m
Adamovich Timofey Moscow State 

University

Moscow Russia tadamovich11@gm

ail.com
Ilya Zakharov Psychological Institute 

of Russian Academy 

Moscow Russia iliazaharov@gmail.c

om

Students 

(mostly 

 PsychoPy, EEG, tDCS, ready to 

learn something new

behavioral genetics

Chun-Chia Kung National Cheng Kung 

University

Tainan Taiwan  chunkung@mail.nck

u.edu.tw
Kate Gee Canterbury Christ 

Church University

Canterbury UK kate.gee@canterbur

y.ac.uk
David Vernon Canterbury Christ 

Church University 

Canterbury UK david.vernon@cant

erbury.ac.uk
Aimee Chabot Duke University Durham USA aimee.chabot@duk

e.edu
Cody Christopherson Southern Oregon 

University

Ashland USA christoc1@sou.edu

Alexander Garinther University of Oregon Eugene USA agarinth@uoregon.e

du
Charlie Ebersole University of Virginia Charlottesvi

lle

USA cebersole@virginia.

edu
Debora I. Burin Universidad de 

Buenos Aires

Buenos 

Aires

Argentina dburin@psi.uba.ar Students Spanish Experience in trans-cultural test 

adaptation

Cognitive/ Psychometric

Arti Parganiha Pt. Ravishankar 

Shukla University

Raipur India Babita Pande, Pratibha 

Kujur, Noorshama 

arti.parganiha@gma

il.com, 

Yes Around 300 

(depends on 

Contribute 

primarily in 

University 

students 

English; Hindi (after 

translation of questionnaire)

CANTAB (sustained attention, 

spatial memory), Time 

Chronobiology, Cognition



Proposers: Benedict Jones, Lisa DeBruine, Jessica Flake 
 
Title: Does Oosterhof and Todorov‟s valence-dominance model of social perception of 
faces generalize across world regions? 
 
Link for demo version:http://faceresearch.org/project?PSAeng&auto 
 
Background. Oosterhof and Todorov (2008 PNAS) found that Principal Component 
Analysis of trait ratings of face images made by students at a US university produced 
two components (faces were rated for aggressiveness, attractiveness, caringness, 
confidence, dominance, emotionalstability, unhappiness, intelligence, meanness, 
responsibility, sociability, trustworthiness, weirdness). The first component, which they 
labeled „valence‟, was correlated with all traits except dominance and was particularly 
highly correlated with trustworthiness. The second component, which they labeled 
„dominance‟, was highly correlated with rated dominance, correlated with 
aggressiveness and confidence, and largely unrelated to the other traits.  
 
Although this two-component model of social judgments of faces has become very 
influential, the extent to which it applies to trait ratings of faces made in other regions of 
the world is not yet known (but see Sutherland et al., in press PSPB for a recent 
replication in China). The proposed project will test whether the model described in 
Oosterhof and Todorov (2008 PNAS) can (1) be replicated in a new sample of North 
American raters and (2) can also explain trait-ratings made in other world regions 
(United Nations Country Grouping: Africa, Asia, Central America, Eastern Europe, 
European Union, Middle East, North America, Oceania, South America, The 
Caribbean). 
 
Participant characteristics.Adult participants. No restriction on sex, sexual orientation, 
or ethnicity necessary. Data on age, sex, sexual orientation, ethnicity, and country of 
residence would be collected. Only world region of residence (determined from country 
of residence) would be used in the proposed analyses. The other factors would be 
made available for further, exploratory analyses. 
 
Participating labs will be expected to collect data from 50-100 participants during 2018 
to earn authorship on the resulting manuscript. 
 
Procedure. Each participant would be allocated to rate 102faces (49 female and 53 
male faces, diverse ethnicity) for one of 14adjectives (aggressive, attractive, caring, 
confident, dominant, emotionally stable, unhappy, intelligent, mean, responsible, 
sociable, trustworthy, weird, old) using a 1 (very low) to 7 (very high) scale. These are 
the same 13adjectives used by Oosterhof and Todorov (2008), plus „old‟ (shown by 
Sutherland et al., 2013 Cognition to produce a third component). To mitigate potential 
problems with translating single-word labels, dictionary definitions for each of the 13 
original adjectives would also be provided (following Bainbridge et al., 2013 JEP:G; see 
appendix for their definitions). Although this departs from Oosterhof and Todorov‟s 
methods, we have discussed this change with Todorov who agrees it is sensible. Each 

http://faceresearch.org/project?PSAeng&auto


participant would rate all 100 faces for one adjective only (which adjective they rated the 
faces for would be randomly determined). Based on data collected in our lab (UK), the 
mediantime to complete this task is ~5 minutes (90th percentile = ~8 minutes). Following 
Oosterhof and Todorov‟s original paper, we would require a minimumof15 participants 
from each geographic region to rate the faces for each adjective (i.e., a minimum of 210 
raters per region). 
 
Our lab can provide a set of 102faces (49 female, 53 male faces, diverse ethnicity) for 
the study (https://figshare.com/articles/Face_Research_Lab_London_Set/5047666). We 
have already made these images open access and they were recently used by 
Todorov‟s lab in a replication and extension of their original paper (see Oh et al., 2017 
https://psyarxiv.com/fxvcu). 
 
Analysis plan. Analyses would be based on those reported by Sutherland et al. (in 
press PSPB). These analyses use averaged ratings for each face. Ratings from each 
world region will be analyzed separately. Countries will be allocated to world regions 
using the United Nations Country Grouping (Africa, Asia, Central America, Eastern 
Europe, European Union, Middle East, North America, Oceania, South America, The 
Caribbean). 
 
First, we would identify how many components (i.e., factors) underpin judgments in 
each geographic region. This will be done using exploratory factor analysis (i.e., 
principal axis factoring) with a non-orthogonal rotation. Number of factors will be 
identified from scree plots, number of factors with eigenvalues greater than one, 
minimum average partial procedure, and parallel analysis. Differences in the outcome of 
these methods will be reconciled using a procedure described in Flake et al. (2015 
Contemporary Educational Psychology). 
 
Second, for each geographic region, we will identify which traits have strong loadings on 
each factor, which traits have weak loadings on each factor, and which traits crossload 
between or among factors. Criteria for strong and weak loadings will be set following 
Flake et al. (2015). 

 
Publication plan. We suggest submitting to Nature Human Behavior as a registered 
report in the first instance, with Royal Society Open Science as a backup plan (again as 
a registered report).This would require a list of participating labs. Importantly, each lab 
would be required to have ethics approval before submitting the registered report for 
Stage 1 review. 
 
Equipment required: A computer with Internet connection to access online study. 
 
Appendix. Trait definitions used in Bainbridge et al. (2013 JEP:G). Note that Bainbridge 
et al. did not include dominance or age in their study. We propose defining dominant as 
“strong; important” and old as “having greater age; not young”. Like the Bainbridge et al. 
definitions,theseare adapted dictionary definitions. 
 

https://psyarxiv.com/fxvcu


Trait Definition  

aggressive inclined to behave in a hostile fashion 

attractive appealing to the senses through beauty, 
form, character, etc 

caring feeling or showing compassion 

confident sure of oneself; having no uncertainty 
about ones own abilities 

emotionally stable  not subject to emotional instability or 
illness; sane; mentally sound 

unhappy not joyful; sad or depressed 

intelligent having a good understanding or a high 
mental capacity 

mean offensive, selfish, or unaccomodating; 
nasty; malicious 

responsible able to take rational decisions without 
supervision; accountable for ones own 
actions 

sociable friendly or agreeable in company; 
companionable 

trustworthy deserving of confidence; dependable; 
reliable 

weird strange or bizarre 
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Report On 
The Workshop “Hands-on Actigraphy” 

Date: 28th JULY 2022 
Venue: LG-1, GMU 

Organized by Odisha Centre for Geriatrics and Gerontology 
 

Odisha Centre for Geriatrics and Gerontology of Gangadhar Meher University, Sambalpur, 

Odisha organized a workshop on “Hands on Actigraphy” on 28th July 2022 at LG-1 of GMU. The 

workshop was organized in collaboration with the Centre for Translational Chronobiology (CTC), 

Pt. Ravishankar Shukla University, Raipur. In the workshop, Prof. Arti Parganiha, the 

Coordinator of CTC, was present as a resource person and subject expert. 

Importance of Workshop 

The Odisha Center for Geriatrics and Gerontology (OCGG) at Gangadhar Meher University 

(GMU), Sambalpur is the first-ever center in the field of Geriatrics and Gerontology in Odisha. 

The Center was established in 2020 with financial assistance from the World Bank-funded 

“Odisha Higher Education Programme for Excellence and Equity” (OHEPEE) which focuses on 

interdisciplinary research on the social, psychological, and biological aspects of the elderly 

persons of Odisha. 

One of the core objectives of the Center is to determine the sleep quality and cognitive abilities 

of the elderly population in Odisha. Therefore, the workshop has significant importance to the 

study of sleep quality measurement for the elderly population. Actigraphy is a non-invasive 

technique that is used to assess objective sleep variables and the rest-activity cycle of human 

subjects. 

Proceeding of the workshop 

The workshop began at 11:00 AM along with the introduction of the theme by Prof. Arti 

Parganiha. 

Prof. Arti Parganiha elaborated in her lecture on the Application of Actigraphy-based output in 

various groups of subjects, such as seemingly healthy humans, cancer patients, and subjects 

with obstructive sleep apnea in the study area of Raipur. She also elaborated on the different 

parameters which are associated with the sleep quality in human subjects. She emphasized the 

importance of two rhythm parameters, i.e., autocorrelation coefficient at 24 hours (r24) and 

dichotomy index (I<0). She also highlighted the challenges faced during her studies. During the 

hands-on training session, she explained how to study the sleep-wake rhythms in human 

subjects using Actiwatch - MotionWatch8. She demonstrated how to configure the 

MotionWatch8 on a PC for data collection and how to retrieve the data of MotionWatch8 using 
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the software. She explained in detail the MotionWatch8-derived important sleep variables, 

Non-Parametric Circadian Rhythm Analysis (NPCRA), and the 24-hour activities of subjects. She 

explained the uses and operations of MotionWare Software. 

During the deliberation, Prof. Parganiha suggested some points to incorporate into the OCGG 

study. The points are: 

a) To check the normality and homogeneity of data, 

b) To make a protocol that includes a selection of area, subjects, inclusion and exclusion 

criteria for Actigraphy study, 

c) Only trained persons should operate the MotionWatch8. 

Participants 

In the workshop, the participants were PI, Co-PI, Research Associate, Research Assistant, and 

Office Assistant of OCGG and other faculties from the School of Anthropology and School of 

Botany. 

Some Photographs during the Workshop 
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a b s t r a c t

Uterine fibroids (UF), most prevalent gynecological disorder, require surgery when symptomatic. It is
estimated that between 25 and 35 percent of women wait until the symptoms have worsened like
extended heavy menstrual bleeding and severe pelvic pain. These UF may be reduced in size through var-
ious methods such as medical or surgical intervention. Progesterone (prog) is a crucial hormone that
restores the endometrium and controls uterine function. In the current study, 28 plant-based molecules
are identified from previous literature and docked onto the prog receptors with 1E3K and 2OVH.
Tanshinone-I has shown the best docking score against both proteins. The synthetic prog inhibitor
Norethindrone Acetate is used as a standard to evaluate the docking outcomes. The best compound,
tanshinone-I, was analyzed using molecular modeling and DFT. The RMSD for the 1E3K protein–ligand
complex ranged from 0.10 to 0.42 Å, with an average of 0.21 Å and a standard deviation (SD) of 0.06,
while the RMSD for the 2OVH protein–ligand complex ranged from 0.08 to 0.42 Å, with an average of
0.20 Å and a SD of 0.06 showing stable interaction. In principal component analysis, the observed eigen
values of HPR-Tanshinone-I fluctuate between �1.11 to 1.48 and �1.07 to 1.25 for PC1 and PC2, respec-
tively (1E3K), and the prog-tanshinone-I complex shows eigen values of �38.88 to �31.32 and �31.32 to
35.87 for PC1 and PC2, respectively (2OVH), which shows Tanshinone-I forms a stable protein–ligand
complex with 1E3K in comparison to 2OVH. The Free Energy Landscape (FEL) analysis shows the Gibbs
free energy in the range of 0 to 8 kJ/mol for Tanshinone-I with 1E3K and 0 to 14 kJ/mol for
Tanshinone-I with the 2OVH complex. The DFT calculation reveals DE value of 2.8070 eV shows
tanshinone-I as a stable compound. 1E3K modulates the prog pathway, it may have either an agonistic
or antagonistic effect on hPRs. Tanshinone-I can cause ROS, apoptosis, autophagy (p62 accumulation),
up-regulation of inositol requiring protein-1, enhancer-binding protein homologous protein, p-c-Jun N-
terminal kinase (p-JNK), and suppression of MMPs. Bcl-2 expression can change LC3I to LC3II and cause
apoptosis through Beclin-1 expression.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Tumors of the uterine lining, sometimes called leiomyomas
(UFs), are frequent benign gynecological tumors that develop from
the proliferation of smooth muscle cells in the uterus (Fig. 1A)
(Okesola et al., 2022). It’s estimated that 70–80% of women will
be affected by them at some point in their lives and vast majority
of those cases will show no symptoms at all (Don et al., 2022).
Abnormal bleeding, pelvic discomfort, menorrhagia, infertility,
miscarriages, and other obstetric difficulties are all clinical indica-
tions of UF that contribute to poor quality of life (Keizer et al.,
2022; Piriyev and Römer, 2023; Yudha Pratama Putra et al., 2021).

Although the precise origin of UF is unknown, several variables
have been linked to its pathogenesis, including genetics, cytokines,
growth factors, hormones including estrogen and prog and/or their
receptors, the environment, epigenetics, and the overproduction of
extracellular matrix (ECM) (Al-Hendy et al., 2021; Czarnik et al.,
2023).

There are several therapies that may be employed, i.e., pharma-
cological, surgical, and radiological techniques, including uterine
embolization or magnetic resonance targeted ultrasound. Hys-
terectomy, meanwhile, continues to be the standard, one-size-
fits-all approach for fibroids. Nevertheless, numerous women
require a successful substitute to a hysterectomy due to numer-
ous reasons, namely quicker healing and the preservation of repro-
ductive ability. As a result, conservative solutions are required, and
secure and efficient pharmacological intervention is one of them.

Tranexamic acid, oral contraceptives, oral and injectable prog,
Prog-releasing intrauterine systems, antiprogesterone,
gonadotropin-releasing hormone (GnRH) agonists and antagonists,
selective prog receptor modulators (SPRMs), selective oestrogen
receptor modulators (SERMs), aromatase inhibitors, danazol, and
gestrinone are some of the medical interventions currently avail-
able. The majority of these treatments do not particularly target
UF; rather, they are employed to regulate irregular UF. Prog. is
among those employed most frequently.

Prog is a vital hormone, regulates uterine function, principally
involved in the restoration of the endometrium. Prog interaction
with the human prog receptor (HPR), comes under the nuclear hor-
mone receptor superfamily, represents the joint functions of PR-A
and B. Upon ligand binding, these may affect cellular physiology
and alter gene expression through two methods: (i) PRs act as
ligand-activated transcription factors to directly interact with

DNA promoter transcription and modulate the downstream genes
expression (ii) PRs interact through Src tyrosine kinases and trigger
MAPKs, which affect gene functioning (Boonyaratanakornkit et al.,
2001; Boonyaratanakornkit and Edwards, 2007; Leonhardt et al.,
2003; Patel et al., 2015).

It has been shown that Prog promotes UFs growth by increasing
the number of cells, size as well as ECF amount. Proteins called PR-
A and PR-B were also found to be higher in fibroids than in healthy
myometrium. Both Prog and growth factor are linked to several
processes, such as cell growth and death (apoptosis) (Fig. 1). There-
fore, Prog blockers may play an effective role in the treatment of
UFs. Phyto-constituents possess enormous potential in the man-
agement of life threatening diseases. Many phytoconstituents
e.g., curcumin, quercetin, rutin etc are reported to possess anti-
cancer potential.

Therefore, the present study has been designed to explore the
potential of 28 phytochemicals from different plants to block the
human prog receptor as a therapy for uterine fibroids using in-
silico methods. Fig. 2 shows the schematic illustration of the pre-
sent study for the discovery of potential prog receptor inhibitors.

CAM therapy may turn out to be a good way to treat UF. Liter-
ature shows that Gui Zhi Fu Ling Tang, Ramulus cinnomomi, and
Poriae cocos decoction, Danshen Gegen decoction (Salviae Miltior-
rhizae Radix, Purariae Lobatae, Radix decoction), Genistein, Green
Tea (Camellia sinensis), and Tanshinone-I are effective against UF.

Tanshinone-I is obtained from Salviae miltiorrhizae and
employed in the treatment of atherosclerosis, downregulation of
adhesion molecules, and enhancement of microcirculation by
stimulating endothelium-dependent vasodilatation (EDVD) in
coronary arterioles through the neuromodulators endothelial nitric
oxide synthase (eNOS) and angiotensin II. Interestingly, it also
stops the growth of vascular smooth muscle cells (VSM) and thins
the intima. It does this by cleaving caspase-3 to promote cell death
and blocking the PI3K/AKT/mTOR pathway to cause autophagy
(Ansari et al., 2021; Dalton-Brewer, 2016).

2. Materials and methods

2.1. Molecular docking study

The molecular docking studies of the identified compounds
were performed on a 5950 X 16-Core Processor (3.40 GHz); AMD
Ryzen-9; Windows 10 (64-bit); and 64-GB RAM.

Fig. 1. Interrelation of Prog and growth factors in fibroid management.
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2.2. Selection and protein receptors from PDB:

We have collected all reported structures from PDB (https://
www.rcsb.org) and compared them to one another in order to
explore the variability in the ligand binding patterns in different
crystal structures of human PR. Their receptors were thoroughly
examined as well. In order to examine SPRMs and human PRs,
we have selected two PDBs i.e., 1E3K and 2OVH from the RCSB
database. Protein preparation was carried out using the Autodock
Wizard by deleting attached water molecules, bound heteroatoms
or ligands, adding polar hydrogens, Kollman charges, spreading
charge equally over all atoms, and checking for missing atoms on
residues. The PDB files were then converted to the PDBQT format
for executing the next step. Table 1 shows the details of all human
prog receptor structures retrieved from the PDB 2 database
(Saritha et al., 2023).

2.3. Molecular docking procedure

2.3.1. Grid generation
For carrying out docking between prepared receptors and

ligands, grid was generated by taking the center on the attached
ligand. The grid dimensions are given in Table 2.

2.3.2. For PDB 1E3K
The crystallographic 3D structure of the Human Prog Receptor

(HPR) Ligand Binding Domain in complex with the ligand metri-
bolone (R1881) was accessed from Protein Data Bank (PDB ID code
1E3K) with unit cell (Å) a = 58.402, b = 65.011, c = 71.181, and
angles (�) a = 90, b = 95.65 and c = 90 respectively. The resolution
of the X-Ray Diffraction (XRD) structure of this model enzyme is
2.80 Å. After optimizing hydrogen bonds, OPLS-2005 was used as

the force field to refine the structure minimization to an RMSD
constraint value of 0.3 Å. Grid box dimensions were 16.0747 X
16.1977 X 16.1712 (all in Å) with a 0.375 Å grid point spacing.

Fig. 2. Schematic illustration of the present study for the discovery of potentialprog receptor inhibitors.

Table 1
Human prog receptors from PDB 2 database.

Category PDB Ligand Resolution (A0)

GROUP-1
Steroidal antagonist

2W8Y Mifepristone (MT) 1.8
4A2J Asoprisnil (AS) 2.0
4OAR Ulipristal acetate (UA) 2.41
2OVH Asoprisnil 2.0
2OVM Asoprisnil 2.6

GROUP-2
(Non-steroidal SPRM)

4APU A2K 1.9
3G8O 30X 1.90
3ZR7 OR8 1.65
3HQ5 GKK 2.1
3KBA WOW 2.0

GROUP-2
Steroidal Agonist

1A28 PROGESTERONE (STR) 1.8
1E3K Metribolone (R18) 2.8
1SR7 Mometasone furoate 1.46
3D9O Levonorgestrel 2.26

GROUP-2
Non-steroidal Agonist

1ZUC Tanaproget (T98) 2.0

Table 2
Grid Parameters.

S. No. Parameters 1E3K 2OVH

1) Exhaustiveness 8 8
2) center_x 28.6348 30.6727
3) center_y �7.7984 0.7615
4) center_z 9.5311 28.3292
5) size_x 16.0747 16.0146
6) size_y 16.1977 16.1716
7) size_z 16.1712 16.1487
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Protein residues that include ligand-restricting sites are logically
expected to contain certain ligands that can bind reversibly. The
correct orientation for other protein-affirming amino acid residues
was provided.

2.3.3. For PDB 2OVH
Protein Data Bank (PDB ID code 2OVH) provided access to the

crystallographic 3D structure of the prog receptor with bound Aso-
prisnil and a peptide from the co-repressor SMRT, with unit cell
(a) = 87.475, b = 87.475, c = 90.599, and angles (�) a = 90, b = 90,
and c = 120, respectively. This model enzyme’s XRD structure
has a resolution of 2.00 Å. After optimizing hydrogen bonds, the
structural reduction was further refined using the OPLS-2005 force
field to achieve the 0.20 Å RMSD constraint value. The grid box
measures 16.0146 � 16.1716 � 16.1487 (all in Å) with a grid point
spacing of 0.375 Å. It stands to reason that certain ligands with
reversible binding capabilities would be present in protein resi-
dues with ligand-restricting sites. Other protein-affirming amino
acid residues were given the proper orientation.

2.4. Selection and preparation of phytoconstituents

28 phytochemicals are selected on the basis of a review of the
literature from search engines and the IMPPAT 2.0 database, which
provides extensive informationwith 100 books and 7000 + research
articles on Indian medicine. The phytoconstituents are selected on
the basis of their antitumor effects. In order to virtually test the
ability of phytoconstituents to bind to specific proteins, this data-
base provides information regarding phytochemicals, medical
applications, as well as 2D and 3D chemical structures. Table 3
shows the phytoconstituents selected for the study with their
IMPPAT-ID (https://cb.imsc.res.in/imppat/). All the phytocon-
stituents were downloaded in SDF format from PubChem, their
energy reduced by the MMFF94 Force Field, and then opened in
the PyRx program, which converted them to PDBQT format. The
LigPrep application (the trial version of Schrödinger) was used to
prepare the ligands. Energy optimization for all ligands was done
using the OPLS 2005 force field, but the 0.01 Å RMSD cut-off was
not reached. At the desired pH of 7 ± 2, Epic was used to produce
tautomers, all conceivable ionization states, and low energy ring
conformations for each ligand. The output format of the Schrodin-
ger Maestro was used to save the prepared ligands.

2.5. Docking and visualization of results

Docking was used to collect a set of ligand-binding site confor-
mations and orientations. PyRx, AutoDock-Vina scoring-function-
based analysis of binding sites, and docking runs of target proteins
with ligands. Each ligand’s conformations were analyzed, and the
ones with the highest binding affinities were selected. Maestro
Visualizer was used to generate the 3D and 2D interaction
diagrams.

2.6. Molecular dynamics simulations

The Desmond tool from Schrödinger’s suite was used to do
molecular dynamics simulations on the ligand–protein combina-
tion (Bowers et al., 2006).The best chemical from those that passed
screening was chosen for MD simulations using criteria including
the number of hydrogen bonds, binding energy, and glide score.
Tanshinone-I, the best docked chemical, was chosen for simulation
analysis in this investigation. We neutralized the charge and
adjusted the salt content to 0.15 M of Na+ and Cl- ions to create
the physiological condition of the simulation box. Aligning the
major axes of the solute along the box vectors or the diagonal
reduces the volume of the simulation box. Proteins, protein com-

plexes, protein–ligand complexes, proteins embedded in a mem-
brane bilayer, etc. make up the solute in the solvated system. By
doing a 100 ps low-temperature (1000K) Brownian motion MD
simulation (NVT ensemble), we were able to remove steric con-
flicts in the complex and reduce the energy of the ligand–protein
interaction. From the MD tab’s work space, we loaded the pre-
processed ligand protein complex, and then we adjusted the tem-
perature to 3000 K and the pressure to 1.01325 bar in the NPT
ensemble. The ligand–protein complex’s trajectory was measured
at 4.8 ps after 100 ns of simulations, which were run after the
model system was relaxed. The conformational behaviour and sta-
bility of the complex were examined by calculating and analyzing
energy, ligand–protein RMSD, RMSF, protein–ligand interactions,
and ligand characteristics throughout the course of a 100 ns
simulation.

2.7. Analysis of simulation data

After analyzing the MD trajectories, the root-mean-square devi-
ation (RMSD), root-mean-square fluctuation (RMSF), and other
measures for the distance between residues and inhibitors were
computed using the VMD (version: 1.9.1) or in-house Perl scripts.

2.8. Principal component analysis (PCA)

The large-amplitude movements were analyzed with a princi-
pal component analysis (PCA). The eigenvalues and eigenvectors
were analyzed with the covariance matrix that was constructed
from the diagonalized covariance matrix. The principal compo-
nents (PCs), also known as eigenvectors, reveal the motional orien-
tation of the ligand and receptor atoms, while the corresponding
eigenvalues characterize the mean square fluctuations of the com-
plex. Using calculations and graphs, PC1 and PC2 were used to val-
idate their motions (Dalal et al., 2021).

2.9. FEL analysis

The FEL along the PC was postulated in order to better under-
stand the energy distribution of the protein folding route during
molecular dynamics. The formula for calculating the free energy
of a protein is (Eq. (1):

DG ¼ R� KTB ln ðPA� PBÞ ð1Þ
-where 4G represents the Gibbs energy landscape, TB is the gas

constant, and K is the equilibrium constant. PA and PB represent
the two protein probabilities along the dynamic pathway. Using
the eigenvector values obtained from the PCA, 3D FEL plots of pro-
tein–ligand complexes were created. To analyze the maximum and
minimum energy of drug complexes, a FEL plot with different con-
tour maps of various color patterns, such as red, yellow, green,
orange, and blue, was generated (Dalal et al., 2021).

2.10. Density functional theory (DFT) analysis

The phytochemical reactivity was analyzed with DFT. The anal-
ysis used the highest occupied molecular orbital (HOMO) and the
lowest unoccupied molecular orbital (LUMO) energies. The expres-
sion was used to figure out the band energy gap. All of these labels
come straight from the calculations of quantum physics. This for-
mula was used to determine the HOMO–LUMO energy difference
(Eq. (2):

DE ¼ ELUMO � EHOMO ð2Þ
The HOMO and LUMO energies to get the chemical potential

(l) (Eq. (3), chemical hardness (g) (Eq. (4) and chemical softness
(r) (Eq. (5) of the system:

A. Tiwari, V. Tiwari, A. Sharma et al. Saudi Pharmaceutical Journal 31 (2023) 1061–1076

1064

https://cb.imsc.res.in/imppat/


l ¼ ELUMO � EHOMO

2e
ð3Þ

g ¼ ELUMO � EHOMO

2
ð4Þ

r ¼ 1
g

ð5Þ

The electron affinity (A) is equal to the LUMO energy level,
while the ionization potential (I) is defined as the � EHOMO

energy level. The following equations can be used to determine
the electronegativity (v) (Eq. (6), electrophilicity (x) (Eq. (7),

maximum charge transfer (Eq. (8), and nucleophilia (Eq. (9) of
a substance:

v ¼ Iþ A
2

ð6Þ

x ¼ l2

2g
ð7Þ

DNmax ¼ v
g

ð8Þ

ðNÞ ¼ ELUMO � EHOMOðTCEÞ ð9Þ

Table 3
Phytochemicals isolated from fruits and vegetables for Fibroid treatment and their mechanisms of action.

S.
No.

Name IMPPAT ID Biological sources Uses References

1. Apigenin IMPHY004661 Lonicera gracilipes var.
glandulosa

Anticancer (Si et al., 2009; Wu et al., 2005)

2. Equol IMPHY005820 Pueraria mirifica and
Cordyceps militaris

Cancer (Axelson et al., 1982; Setchell et al., 2005;
Wang et al., 2014)

3. Daidzein IMPHY004566 Pueraria mirifica and
Cordyceps militaris

Anti-oxidant, anti-
carcinogenic

(E. Kim et al., 2015; Sakamoto et al., 2016)

4. Genistein IMPHY004643 Flemingia vestita Anticancer (Choi et al., 2020; Hwang et al., 2020; Liang
et al., 2018)

5. Catechin IMPHY014854 Camellia sinensis Anticancer (Alshatwi, 2010; Cheruku et al., 2018;
Waffo-Téguo et al., 2001)

6. Myricetin IMPHY005471 Tibouchina paratropica Antimicrobial (Jinwal et al., 2009; Phillips et al., 2011;
Semwal et al., 2016; Tzeng et al., 1991; Xu
et al., 2016)

7. Isorhamnetin IMPHY008724 Pollen typhae Anti-cancer (Hu et al., 2015; Kim et al., 2011)

8. Fisetin IMPHY005433 Galeditsia triacanthos Antioxidant, Anticancer,
Neuroprotection

(S. C. Kim et al., 2015; Mukhtar et al., 2015)

9. Eriocitrin IMPHY012252 Citrus limon Anticancer (Wang et al., 2016)

10. Tanshinone-I IMPHY010828 Salvia miltiorrhiza Anticancer (Su and Chiu, 2016; Xie et al., 2015; Zhang
et al., 2016)

11. Naringenin IMPHY010550 Aglaia duperreana Anticancer (Saponara et al., 2006)

12. Taxifoline IMPHY011967 Silybum marianum Anticancer (Angelis et al., 2016; Ren et al., 2020)

13. Myricetin IMPHY005471 Myrica nagi Thunb. Anti-oxidant, anticancer,
antidiabetic and anti-
inflammatory

(Du et al., 2012)

14. (-) Gallocatechin IMPHY011735 Saxifraga cuneifolia, Quercus
dentata

Antioxidant, anti-obesity
activity

(Waffo-Téguo et al., 2001)

15. (�)-Epicatechin IMPHY014854 Camellia Sinensin Anticancer (Nogueira et al., 2011; Shay et al., 2015;
Wang et al., 2015)

16. (�)-Epigallocatechin IMPHY011735 Camellia Sinensin Anticancer (Chung and Vadgama, 2015; Lee and Tan,
2015; Waffo-Téguo et al., 2001)

17. (�)-Epicatechin 3-
gallate

IMPHY011874 Camellia Sinensin Anticancer (Takizawa et al., 2003; Wang et al., 2013)

18. (�)-Epigallocatechin
3-gallate

IMPHY011671 Camellia Sinensin Anticancer (Chiou et al., 2012; Ignasimuthu et al., 2019;
Kannen et al., 2013)

19. Flavone ————————————— Apium graveolens,
Petroselinum crispum,
artichoke Cynara scolymus

Anticancer, Antioxidant (Kellis and Vickery, 1984)

20. Dihydrodibenzoxepin IMPHY006809 Bauhinia variegate Anti-cancer (Lee et al., 2010)

21. Glicentin MPHY015706 Monoclonal anti-glucagon Stimulation of insulin
secretion, inhibition of gastric
acid secretion

(Raffort et al., 2017)

22. Kaemferol IMPHY004388 Lotus ucrainicus Antitumor (An and Kim, 2015; Luo et al., 2012, 2011;
Shin et al., 2015)

23. Quercentin IMPHY004619 Camellia sinensis Anti-oxidant
Atherosclerosis

(Liu et al., 2020; Navarro-Núñez et al., 2010;
Yang et al., 2015)

24. Cyanidin IMPHY008945 Rhododendron cv. Anticancer (Cheng et al., 2009; Kannan and
Kolandaivel, 2018; Lee et al., 2013)

25. Pelargonidin IMPHY003437 Philodendron Anticancer (Khandelwal and Abraham, 2014)

26. Norethindrone
Acetate

IMPHY013743 Synthetic second-generation
progestin

Heavy periods, Breast cancer (Cheng and Wolfe, 1983; Muneyyirci-Delale
and Karacan, 1998)

27. Eriodictyol IMPHY004038 Eriodictyon californicum Anticancer (Zhang et al., 2020)

28. Quercitrin IMPHY015054 Citus families, berries Anticancer (Vafadar et al., 2020)
29. Gnetol IMPHY000794 Genus gnetum Anticancer (tyrosinase

inhibitor)
(Ohguchi et al., 2003)
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3. Results

3.1. Docking results

The docking results are shown in Table 4. The docking interac-
tion of 1E3K showed Tanshinone-I is the best docked compound
when compared with the standard drug, as shown in Figs. 3 and
4. Other compounds like Equol, Fisetin, Genistein, Myrecetin, and
Apigenin have showed good results and illustrated in the supple-
mentary file Fig. 1a–5a. Table 5 shows the interacting amino acids
with 1E3K, whereas Table 6 shows the interacting amino acids
with the 2OVH receptor protein. The docking interaction of
2OVH showed Tanshinone-I is the best docked compound when
compared with the standard drug, as shown in Figs. 5 and 6. Other

compounds like (-)-Epicatechin 3-gallate, (-)-Epigallocatechin 3-
gallate, Eriodictyol, Genistein, and Quercetin have shown good
results and are shown in the supplementary file Fig. 6a–10a.
Fig. 10a. 3d&2d- Docking interaction on 2OVH with Genistein has
been showed below (Tiwari et al., 2022).

3.2. Prediction of ADMET analysis

The Swiss ADME software (https://www.swissme.ch) was used
to estimate each ADME analysis (physicochemical properties,
water solubility, lipophilicity, pharmacokinetics, and drug similar-
ity). The results of the physicochemical properties of some phyto-
chemicals are shown in supplementary table 1a. The results of
lipophilicity, water solubility, pharmacokinetics, and drug-
likeness are shown in supplementary tables 2a, 3a, 4a, and 5a,
respectively, and included in the supplementary files. The lipophi-
lic properties were put into three main groups: fragmental (based
on fragments, wLog P), topological (based on descriptors, mLog P),
and 3D physics-based (iLog P and xLog P, based on solvent free
energy in octanol). The pink area represents the optimal range
for each property (lipophilicity: MLOGP less than 4.15, XLOGP
between �0.7 and + 5.0, size: MW between 150 and 500 g/mol,
polarity: TPSA between 20 and 130 Å2, solubility: log S not higher
than 6, saturation: the fraction of carbons in the sp3 hybridization
not less than 0.25, and flexibility: no more than 9 rotatable bonds).
From these results, the compound can be predicted not to be orally
bioavailable, but to be too flexible and polar. Figs. 7-9 depict the
protein–ligand RMSD, RMSF, and secondary structure of proteins,
Ligand RMSF, and Protein Ligand Contacts for 1E3K and Figs. 10–
12 for 2OVH, respectively. Results of (a) principal component anal-
ysis (b) FEL 3D, are shown in Fig. 13 for 1E3K and Fig. 14 for 2OVH.
Fig. 15 depicts the HUMO and LUMO analyses of Tanshinone-I.

Results of Principle compnent analysis and FEL 3D for IE3K

3.3. Results from DFT analysis

The energy gap DE (eV) between EHOMO (eV) and ELUMO (eV)
and other parameters are shown in Table 7.

4. Discussion

The development of synthetic prog ligands with either prog
receptor (PR) agonist (progestins) or mixed agonist/antagonist
action has been stimulated by the apparent, if uncertain,
contribution of prog lead to the formation of fibroids. It has been

Table 4
Molecular Docking Results.

S. No. Binding Affinity
(kcal/mol)

Compound Name

1E3K 2OVH

1. �9.2 �8.8 Apigenin
2. �9.4 �8.9 Equol
3. �9.5 �8.9 Daidzein
4. �8.9 �9 Genistein
5. �8.5 �8.5 Catechin
6. �8.3 �8.7 Myricetin
7. �8.3 �8.8 Isorhamnetin
8. �9.3 �8.5 Fisetin
9. �10.2 �9.9 Tanshinone-I
10. �9 �8.7 Naringenin
11. �8.9 �9 Eriodictyol
12. �8.8 �8.8 Taxifoline
13. �8.3 �8.9 Quercitrin
14. �8.3 �8.7 Myricetol
15. �8 �8.4 (+)-Gallocatechin
16. �8.5 �8.5 (�)-Epicatechin
17. �8 �8.4 (�)-Epigallocatechin
18. �4.3 �9.5 (�)-Epicatechin 3-gallate
19. �3.7 �9.2 (�)-Epigallocatechin 3-gallate
20. �9 �8.6 Flavanone
21. �8.1 �7.6 Dihydrodibenzoxepin
22. �9 �8.8 Glycitein
23. �8.8 �8.6 Kaemferol
24. �8.3 �8.9 Quercetin
25. �8.7 �8.6 Cyanidin
26. �8.5 �8.4 Pelargonidin
27. �8.1 �7.6 Gnetol
28. �8.5 �7.8 Pterostilbene
29. �10.7 �10.1 Norethindrone Acetate

Fig. 3. 3d-&2d Docking interaction on 1E3K with Tanshinone-I.
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demonstrated that prog and PR complexes decrease apoptosis and
encourage fibroid cell growth. hPR-A and hPR-B are the two main
isoforms of PRs. By means of two distinct promoters, the same gene
can produce both isoforms. Another PR isoform, PR-M, is assumed
to contribute to cellular respiration and provide shielding from
apoptosis. It has nongenomic action. Recently, it was discovered
that the fibroid edge has higher levels of PR-M expression and
mitochondrial density than the myometrium. Thus, a non-
genomic progestin-induced rise in cellular respiration may play a
significant role in the development of fibroid.

Norethindrone acetate is used for menorrhagia associated with
fibroids at a dose of 5–15 mg/day, which has been taken as the
standard drug for the study. This belongs to the class of progestins
and works by stopping the uterine lining from growing and stop-
ping proliferation. This drug is associated with numerous side
effects, namely irregular vaginal bleeding or spotting, menstrual
flow modifications, enlarged/tender breasts, nausea, blood clots,

vomiting, difficulty falling asleep, acne, brown patches on the face,
hair loss and growth of hair on the face, etc. It works at the molec-
ular level. Progestins like norethisterone affect target cells by bind-
ing to prog receptors, which change target genes. The reproductive
system, the breast, the pituitary gland, the hypothalamus, the
skeleton, and the central nervous system all have cells that are tar-
gets. Norethisterone also causes the endometrium to change in
ways that make it unsuitable for implantation, such as shrinking,
irregular secretion, and slowed growth. Tanshinone-I, which comes
from plants, can be used instead of a synthetic standard drug.

The molecular docking studies revealed the promising potential
of Tanshinone-I among the 28 docked compounds. The binding
affinity of Tanshinone-I on 1E3K and 2OVH was found to be
�10.2 and �9.9, respectively, which is comparable with that of
standard Norethindrone Acetate on 1E3K and 2OVH, which is
�10.7 and �10.1, respectively. Further, PCA and FEL data analysis
of Tanshinone-I on the 1E3K receptor revealed a stable and strong
interaction with the receptor, proving its promising role in the
treatment of uterine fibroid.

Fig. 4. 3d&2d- Docking interaction on 1E3K with Norethindrone Acetate.

Table 5
Hydrophobic and polar bond interaction of selected phytoconstituents with 1E3K
Protein.

S.
No.

Compound
names

Hydrophobic bond Polar bond

1. Tanshinone-I Val760; Met759; Met756; Met801;
Leu887; Tyr890; Cys891; Leu715;
Leu718; Leu721

Gln725;
Asn719;
Thr894

2. Norethindrone
Acetate

Leu763; Val760; Met759; Met756;
Met801; Leu887; Tyr890; Cys891;
Leu715; Phe905; Phe794; Leu718;
Met909

Gln725;
Asn719;
Thr894

3. Equol Leu763; Met759; Phe794; Tyr890;
Leu715; Leu718,

Asn719;
Thr894;
Thr716

4. Fisetin Phe778; Leu763; Val760; Met759;
Met801; Met756; Leu887; Tyr890;
Cys891; Val903; Leu715; Leu718;
Leu721; Polar Charged Arg719,
Gln725

Asn719;
Thr894;
Thr716

5. Genistein Leu763; Met801; Phe778; Met756;
Met759; Leu887; Val760; Met759;
Tyr890, Cys891, Met756; Leu715;
Val903; Leu718; Leu721

Asn719;
Thr894;
Thr716

6. Myrecetin Leu763; Met801; Phe778; Met756;
Met759; Leu887; Tyr890; Cys891;
Met756; Leu715; Val903; Leu715;
Leu718; Leu721

Asn719;
Thr894;
Thr716

7. Apigenin Leu763; Met759; Met756; Leu887;
Tyr890; Cys891; Leu715; Leu718;
Leu721; Tyr890

Asn719

Table 6
Hydrophobic and polar bond interaction of selected phytoconstituents with 2OVH
Protein.

S.
No.

Compound
names

Hydrophobic bond Polar bond

1 Epicatechin-3-
gallate

Leu715; Leu718; Leu721; Leu726;
Trp755; Met759; Val760; Leu763;
Phe778; Leu 887; Tyr 890; Leu 797;
Cys891

Asn719;
Gln725

2 Eriodictyol Leu721; Leu763; Phe778; Val760;
Met759; Met756; Met801; Leu887;
Tyr 890; Leu797;Cys891

Thr894;
Asn719;
Gln725

3 Genistein Leu715; Leu718; Leu721; Phe778;
Met759; Met801; Leu763; Leu797

Thr894;
Asn719;
Gln725

4 Myricetol Leu715; Leu718; Leu721; Leu763;
Phe778; Val760; Met759; Met801;
Leu887;Tyr890; Leu797;Cys891

Thr894;
Asn719;
Gln725

5 Norethindrone
Acetate

Leu718; Leu721; Leu763; Val760;
Met759; Met801; Leu797; Leu887;
Cys891

Thr894;
Asn719;
Gln725

6 Quercentin Leu715; Leu718; Leu721; Leu763;
Phe778; Val760; Met759; Met756;
Met801; Leu887; Tyr890; Leu797;
Thr890; Cys891

Thr894;
Asn719;
Gln 725

7 Tanshinone-I Leu718; Leu721; Leu763; Phe778;
Val760; Met759; Met756; Met801;
Leu887; Tyr890; Leu797; Cys891

Thr894;
Gln725
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Tanshinone-I is virtually docked with 1E3K protein with a dock-
ing score of �10.2 kcal/mol and 13 rotatable bonds and affinities
with amino acids like Val 760; Met 759; Met 756; Met 801; Leu
887; Tyr 890; Cys 891; Leu 715; Leu 718; Leu 72 (hydrophobic),
Gln 725; Asn 719; Thr 894 (polar). This drug has shown a compa-
rable docking score with the standard drug Norethindrone Acetate
of �10.7 kcal/mol; 16 rotatable bonds and affinities with amino

acids like Leu 763; Val 760; Met 759; Met 756; Met 801; Leu
887; Tyr 890; Cys 891; Leu 715; Phe 905; Phe 794; Leu 718; Met
909 (hydrophobic) and Gln 725; Asn 719; Thr 894 (polar).
Similarly, with 2OVH, Tanshinone-I with a docking score of
�9.9 kcal/mol is comparable to the standard, Norethindrone
Acetate, (-10.1 kcal/mol); 16 rotatable bonds and affinities with
amino acids such as Leu 718, Leu 721, Leu 763, Phe 778, Val 760,

Fig. 5. 3d &2d- Docking interaction on 2OVH with Tanshinone-I.

Fig. 6. 3d & 2d- Docking interaction on 2OVH with Norethindrone Acetate.

Fig. 7. Protein Ligand RMSD, RMSF, secondary structure of protein, % SSE and residue Index with 1E3K.
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Met 759, Met 756, Met 801, Leu 887, Tyr 890, Leu 797, Cys 891
(hydrophobic) and Thr 894; Asn 719; Gln 725 (polar) (Si et al.,
2009; Wu et al., 2005).

4.1. Molecular dynamics simulation

It is the best method to validate the docking score. Tanshinone-I
was found to be the most potent drug against receptor 1E3K and
2OVH and showed the maximum docking score (-10.2 kcal/mol
and �9.9 kcal/mol). The complex of protein with ligand has been

simulated for 100 ns and found stable (Basu et al., 2020; El
Ouafy et al., 2022).

RMSD and RMSF estimations have been performed to assess the
trajectory generated following simulation, as shown in Fig. 7. The
RMSD of the protein–ligand complex attained a minimum value
of 0.10 Å and a maximum value of 0.42 Å with an average value
of 0.21 Å between 100 ns and a standard deviation of 0.06. Rad
gyration (rGyr) was found to be 3.33 Å with a mean value of
3.38 Å, and a standard deviation of 0.02 (Fig. 8). RMSF values have
been estimated to assess the residue’s mobility for conformational

Fig. 8. Ligand RMSF and Protein Ligand Contacts for 100 ns with 1E3K protein.

Fig. 9. Ligand-Protein contact with 1E3K and interaction with different amino acids, Tanshinone-I torsion profile and Properties (PSA, SASA, MolSA, rGyr and RMSD).
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alterations in complex-ligand interaction. The Vander Waals sur-
face area (MolSA) was found to be 252.36 Å2 with an average value
of 256.70 Å2 and a standard deviation of 1.20. The solvent accessi-
ble surface area (SASA) was found to be 12.34 Å2 with an average

value of 1.26 Å2 and a standard deviation of 1.79. The molecular
polar surface area (PSA) was found to be 82.10 Å2 with an average
value of 86.60 Å2 and standard deviation of 1.33. On the basis of
the above analysis, the docked protein–ligand composite of 1E3K

Fig. 10. Protein Ligand RMSD, secondary structure of protein % SSE and residue Index with 2OVH.

Fig. 11. Ligand RMSF and Protein Ligand Contacts with 2OVH.
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with Tanshinone-I was found to be stable, and the docking result
might be validated (Fig. 9). The protein secondary structure shows
57.96 % helix, 2.51 % strand, and 60.47 % protein secondary struc-
ture elements (SSE) (Fig. 7). Asn 719 and Cys 891 have shown the
most hydrogen bonding, while Phe 794, Tyr 890, Arg 841 and Asp
855 had shown the most hydrophobic bonds. H-bonds have a mean
value of 4.382 with a standard deviation of 0.974. There was no
ionic or intramolecular hydrogen bond interaction. The torsion
profile of ligands is shown in Fig. 9. This shows that there is no
bond that can rotate at 3600 angles (Basu et al., 2020; El Ouafy
et al., 2022).

Similarly, RMSD and RMSF calculations of Tanshinone-I with
2OVH are shown in Fig. 10. The RMSD of the protein–ligand com-
plex was as low as 0.08 Å and as high as 0.42 Å, with an average
value of 0.20 Å and a standard deviation of 0.06. rGyr was found
to be 3.33 Å, with a mean value of 3.38 Å and a standard deviation

of 0.02. (Fig. 11). RMSF values have been calculated to figure out
how easily the residue can change shape if the complex and ligand
interact. The average value of the MolSA was 256.62 Å2, and the
standard deviation was 1.15. The average value of SASA was
8.83 Å2, and the standard deviation was 4.31. The average value
of PSA was 86.84 Å2, and the standard deviation was 1.33. Based
on the above analysis, the docked protein–ligand complex of
2OVH with Tanshinone-I was found to be stable, which means that
the docking result could be confirmed (Fig. 12). There is 54.04%
helix, 2.11% strand, and 56.15% SSE in the protein’s secondary
structure (Fig. 10). Most hydrophobic bonds were made by
Phe778, Phe794, Leu721, and Leu718. Most hydrogen bonds were
made by MET 759. There was no interaction between ions and
molecules through hydrogen bonds. Fig. 11 shows the ligands’ tor-
sion profiles. This proves that there is no bond that can turn 3600
degrees (Basu et al., 2020; El Ouafy et al., 2022; Miar et al., 2021).

Fig. 12. Ligand-Protein contact with 2OVH and interaction with different amino acids, Tanshinone-I torsion profile and Properties (PSA, SASA, MolSA, rGyr and RMSD).

Fig. 13. Results of (a) Principle compnent analysis (b) FEL 3D for 1E3K.
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4.2. Results of PCA analysis

The PCA reveals an overall increase in protein during the simu-
lation; consequently, differences in dynamics were produced along
each of the 1002 eigenvectors. PCs are responsible for a significant
portion of the global motion of a protein. Two-directional move-
ments of PCs, also known as the first eigen vector (PC1) and the
second eigen vector (PC2), were investigated. In Fig. 13A, it can
be observed that the eigen values of HPR-Tanshinone-I fluctuate
between �1.11 to 1.48 and �1.07 to 1.25 for PC1 and PC2, respec-
tively (1E3K), and in Fig. 14A, the prog-tanshinone-I complex
shows eigen values of �38.88 to �31.32 and �31.32 to 35.87 for
PC1 and PC2, respectively (2OVH). Overall, PCA results affirm that
binding of the Tanshinone-I to 1E3K forms the most stable pro-

tein–ligand complex in comparison to Tanshinone-I to 2OVH
(Dalal et al., 2021).

4.3. Results of FEL analysis

Tanshinone-I complexes show a higher number of stable con-
formations, as shown in Fig. 13B and 14B. Additionally, the
Tanshinone-I to 1E3K complex showed Gibbs free energy in the
range of 0 to 8 kJ/mol and the Tanshinone-I to 2OVH complex
showed 0 to 14 kJ/mol. Moreover, 3D plots of free energy of
Tanshinone-I to 1E3K and Tanshinone-I to 2OVH complexes were
generated to determine the RMSD and RG for favorable conforma-
tions of the complexes. As shown in Fig. 13B and 14B. Tanshinone-I
to 1E3K complex exhibits lesser RMSD and RG as compared to
Tanshinone-I to 2OVH (Dalal et al., 2021).

4.4. DFT analysis

During molecular interactions, both the LUMO and the HOMO
absorb electrons. The energy of the LUMO is related to the electron
affinity (EA), while the energy of the HOMO is related to the ioniza-
tion potential (IP). The HOMO-LUMO energy gap is helpful for fig-
uring out how molecules can move electricity because it shows
how the final charge transfer happens inside the molecule. A high
orbital gap (HOMO-LUMO energy gap) means that it is energeti-
cally unfavorable to add an electron to the high-lying LUMO in
order to remove electrons from the low-lying HOMO. This makes
the molecule less reactive and more stable. Compounds that are
more stable, like those with a large HOMO-LUMO energy gap, are
less likely to change chemically than those with a smaller gap.
Table 7 and Fig. 15 show that tanshinone-I (4E = 2.8070 eV) is a
stable compound (Miar et al., 2021).

4.5. Possible mechanisms of selected best compound Tanshinone-I

Tanshinone I can cause ROS, apoptosis, autophagy (p62 accu-
mulation), up-regulation of inositol requiring protein-1,
enhancer-binding homologous protein, and p-c-Jun N-terminal
kinase (p-JNK), and suppression of MMPs. B-cell leukemia/
lymphoma-2 (Bcl-2) expression can change LC3I to LC3II and cause
apoptosis through Beclin-1 expression (seven mechanisms as
shown in Fig. 16). It also induced Aurora A-p53, and surviving, sig-

Fig. 14. Results of (a) Principle compnent analysis (b) FEL 3D for 2OVH.

Fig. 15. Energy gap between HUMO and LUMO for Tanshinone-I.

Table 7
DFT analysis of Tanshinone-I.

S. No. Calculation (eV) Tanshinone-I (eV)

1. EHOMO �5.9400
2. ELUMO �3.1330
3. DE 2.8070
4. l �4.5365
5. N 1.4035
6. r 0.7125
7. I 5.9400
8. A 3.1330
9. v 4.5365
10. x 7.3316
11. DNmax 3.2323
12. N 3.4286
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naling pathways lead to upregulation of PARP, which further stim-
ulates p53 expression and reduces the Aurora A kinase level. Along
with this, it also regulates caspase-3 and caspase-9, which in turn
induce apoptosis in colorectal cancers. It also dissociates the
procaspase-8 and suppresses the Bid, while t-Bid stimulates
caspase-2. Through the downregulation of PI3K/Akt/m-TOR, breast
cancer triggers apoptosis. It also acts through the MAPK pathway,
which induces p38 to act as a promoter in the nucleus. Another
pathway reported is JAK2, which further effects the gene through
cyclin D1 and further stimulates the Tyr 70S. Another pathway
involved is the downregulation of Bcl2 and MMP, which further
promotes the degradation of nucleic acids in tumor cells (Naz
et al., 2020; Taylor and Leppert, 2012; Pang et al., 2016; Gao
et al., 2012; Kakisawa et al., 1969; Ma et al., 2015; Jang et al.,
2003; Xu et al., 2018).

5. Conclusions

The present this research explores 28 phytochemicals and two
different types of medicines were coupled to the 1E3K and 2OVH
proteins. Tanshinone-I has demonstrated the highest level of activ-
ity for both of the proteins. Tanshinone-I has also been demon-
strated through MD simulation research to form stable
interactions with the receptors. In addition, the DFT study demon-
strated that the molecule is not unstable. In general, these findings
suggest that tanshinone-I might be useful as a medication in the
treatment of fibroids. 1E3K is a steroidal agonist that modulates
the prog pathway and can have an agonist or antagonistic effect
on hPRs. Strong binding with 1E3K shows that it works to reduce
the size of fibroid tumors instead of reducing heavy menstrual
bleeding. Tanshinone-I with that of different ligands that bind to
PR, such as full agonists and SPRMs. Even small changes to the
structure of the parent molecule can make a big difference in

how the derivative works. Non-steroidal SPERMs are being made
all the time, like the recently reported 3-aryl indoles. Due to the
fact that it works in different ways against different types of can-
cer, this drug has the potential to solve the problem either on its
own or in combination with other drugs. Tanshinone-I may be
the focus of future drug development strategies for fibroids.
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7.Ǒदन: शǓनवार,Date: 12/08/2023, School: A.K memorial school, 

Byranbajaar 

8.Date: - 12/08/2023, School name: - Sant Paul hr. Sec. School Byron 

bazar Raipur, no. Of students: - 42 

9.School name: - Disha convent school Dunda, date: - 21/08/2023, 

No. Of students:- 23 

10.Day – Wednesday, Date - 06/09/23, School name - St. Paul 

Higher Secondary school, Raipur 

 

ANURAG (3) 

1.Ǒदन: शǓनवार,Ǒदनाकं: 08/07/2023, समय: 10:30 से 11:40                                        

शालाकानाम: पवनपğुͪवɮयामǑंदरउÍचतरमाÚयͧमकͪवɮयालय ,कृषकनगर , जोरा, 

रायपुर , छƣीसगढ़ 

2.Ǒदन:मंगलवार, Ǒदनांक: 18/07/2023,पाͧलयɉ कȧसÉंया:दोपालȣमɅपहलȣपालȣ ( 

ͪव£ानएवंकृͪषकेछाğ) 

दसूरȣपालȣ( वाͨणÏयएवंकलाकेछाğ)समय: 12:00 से 01:15 एवं 01:50से 

03:10,School: शासकȧयउÍचतरमाÚयͧमकͪवɮयालयजोरा, रायपरु , छƣीसगढ़ 

3.Ǒदन: बुधवार, Ǒदनाकं: 23/08/2023,School:कामधेनुपिÞलकèकूल, तुलसीडीह, 

रायगढ़ 



 

TANU (3) 

1.Day: Monday, Date: 10/07/2023, Time: 3 to 4 pm,  

School:Dr. Ram Manohar Lohia Govt. Higher Secondary school, 

Santoshi Nagar, Raipur 

2.Day: Satuday, Date: 22/07/2023, School: Govt. H. Sec. School, 

Beterenga, Raipur,Session 1- 9am -10.30, Session 2- 10.45-1130. am 

3.Day: Tuesday, Date: 04/09/2023, School: Higher Secondary School 

Mathpurena 

 

Aadya (2) 

1.Day: Wednesday, Date: 12/07/2023, Time: 01:00 to 02:10 pm 

School: KB Girls H.S. School,Santoshi Nagar Chowk,Old Dhamtari 

Road,Raipur(CG) 

2.Day: Thursday,Date: 20/07/2023,Time: 02:15 to 03:30 

School: शासकȧयहाईèकूल, डूÖडा, रायपरु 

 

 

Pradipti (2) 



1.Ǒदन: गुǽवार,Ǒदनांक: 13/07/2023, समय:   02:30 से 04:00                                

शालाकानाम: गणपतͧसधंीशासकȧयͪवɮयालय , पुरानीबèती , रायपुर , छƣीसगढ़ 

2.Ǒदन: शुĐवार,Ǒदनाकं: 14/07/2023,समय: 02:00 से 03:55 

School: Government higher secondary school MathparaRaipur 

Chhattisgarh 

 

Reena (3) 

1.Ǒदन: शुĐवार, Ǒदनाकं: 14/07/2023, समय: 01:00 pm 

School: डॉशोभारामदेवांगनशासकȧयउÍचतरमाÚयͧमकͪवɮयालयधमतरȣ 

2.Ǒदन: शǓनवार, Ǒदनांक: 15/07/2023, समय: 08:30 

School: Nutan higher Secondary School Dhamtari 

3.Ǒदन: शǓनवार, Ǒदनांक: 15/07/2023, समय: 10: 30 

School:शासकȧयन×थूजीजगतापनगरपाͧलकǓनगम उ माÚयͪवधमतरȣ 

 

Sheetal (3) 

1.Day: Saturday, Date: 15/07/23, Time: 01:00 to 02: 30 

School: शास. हाईèकूलमलपरुȣकलाͪवख़.धमधा . िज. दगु[छ.ग.                        

2.Day: Saturday, Date: 15/07/23,Time: 09:00 to 10:00 



School: Govt Higher secondary school kapasada Durg .C.G 

3.Day: Saturday, Date: scheduled for 09/09/23           

School: Maharshi Dayanand Arya Hr.Sec. School Tatibandh, Raipur 

(C.G.) 

 

Sushma (3) 

1.Ǒदन: शǓनवार, Ǒदनांक : 15/07/2023, समय: 03:00 से 04:00 

School:माधवरावसĤेशासकȧयउ×कृçटǑहÛदȣमाÚयमͪवधालयबूढापारा, रायपुर 

2.Day: Saturday, Date: 05/08/2023,School: Saraswati 

sishuH.S.School, DDU nagar  Raipur 

3.Day: Friday,Date: 08/09/2023, शासकȧयउÍच. माÚय. ͪवधालय प. 

रͪवशंकरशुÈलͪवæवͪवɮयालयपǐरसर, रायपुर (छ.ग.) 

 

Kesari ji (3) 

1.Day: Saturday, date: 14/07/2023, Time: afternoon School: Shivom 

vidhyapeeth Raipur. 

2.Day: Saturday, Date: 22/07/2023, School: Pt. Girja Shankar school 

Raipur. 



3.Day: Tuesday, Date: 08/08/2023School: R.D. Tiwari School, 

Amapara 

 

Purneshwari (2) 

1Ǒदन:मंगलवार,Date: 18/07/2023,School: 

शासकȧयउÍचतरमाÚयͧमकशालागुमा, धरसीवा 

2Ǒदन: मंगलवार, Date: 18/07/2023School: 

शासकȧयउÍचतरमाÚयͧमकͪवɮयालयहौरापरु 

 

Manisha (3) 

1.Ǒदन: मंगलवार,Date: 18/07/2023 

School: Municipal Corporation H. Sec School ,Tikrapara , Raipur  

2.Day: Friday, Date: 21/07/2023, Time: 01:30 School: pt Girja Sankar 

govt H. Sec. Raipur. 

3.Day: Saturday, Date: 22/07/2023, Time: 12.30-1.30, School: 

Dakshina Murti Vidyapeeth Changorabhata Raipur 

 

Supriya (2) 

1.Ǒदन: बुधवार, Date: 19/07/2023,समय: 04:00 



School: Laxminarayan Girl's Higher Secondary School, Gurukul 

parisar ,kalibadi Road , Raipur ( C.G.) 

2.Day: Wednesday, Date: - 20/09/2023, School Name: Leela’s public 

school, Motipura (jamgaon Road), Durg (C.G.) 

 

Pinky (3) 

1.Ǒदन- बुधवार, Ǒदनाकं- 19/07/23, school- शास. उÍच. माÚय. ͪवɮया. 

जांजग, सÈती 

2.Ǒदन- गुǾवार, Ǒदनाकं- 20/07/23, समय- 12:30, School- शास. 

हाईèकूल,नवापाराकुद[, सÈती 

3.Ǒदन- शĐुवार, Ǒदनाकं- 21/07/23, समय- 12:30, School- शास. हाईèकूल, 

टेमार, सÈती 

 

Shruti (3) 

1.Day: Friday, Date: 21/07/2023, Time: 12:45pm, School: Vardhman 

the school Krishna Nagar 

2.Day: Thursday, Date: 27/07/2023, School:èवेताͪवɮयामǑंदर 

3.Ǒदन: शुĐवार, तारȣख: 22/09/2023, School: 

पूव[माÚयͧमकशालाभाठागांवरायपुरछƣीसगढ़. 



 

Adyasa (2) 

1.Day:शǓनवार, Date: 22/07/2023, School: Mother Teresa School 

(Katora Talab) 

2.Day: Wednesday, Date: 13/09/2023, School: Chhattisgarh Public Hr 

Secondary School. 

 

Priyanka (2) 

1.Day: Monday, Date: 24/07/2023, School: Govt.  RMSA High 

School SirrikalaFingheshwar date -24/07/23 

2.Day: Tuesday, Date: 22/08/2023, School: govt. higher secondary 

School Atari (Raipur) 

 

Akash Minj (2) 

1. Day: Tuesday, Date: 25/07/2023, School: Govt. H.H.S Saraitikra 

2.Day: Tuesday, Date: 25/07/2023School: Govt. Hr. Sec. school 

Rampur 

 

Sweta (3) 

1.Day: Monday, Date: 25/07/2023, Address: Maa Bharti Vidyalaya 

Gudhiyari Raipur Chhattisgarh 



2.Day: Thursday,Date : 27/07/23,School : SashishalaNagar Nigam 

Kanya Uchhattar Madhyamik Shala Gudhiyari Raipur Chhattisgarh 

3.Day: Saturday, Date: 16/09/2023, Name of the school - Govt. 

Higher Secondary School Trimurty Nagar Raipur CG 

 

Sudarshan (3) 

1. First schools:Day- Wednesday, Permission date- 24-07-23, Session 

date26-07-23 

Time 12.30 to 1.30, Govt. H. S. School Ghumka 

2. Second school:Day-Wednesday, Permission date-26-07-23,Session 

date-26-07-23 

Time- 3 to 4 o'clock, Govt. H. S. School Patewa 

3.Day: Wednesday, Date: 13/09/2023, School: Govt H School 

Harduva, Rajnandgaon 

 

Sanchita (1) 

1.Day: Saturday, Date:05/08/2023, School Name - Holy Mother Hr 

Sec School, Sunder Nagar. 

Pravin 

1.Date_07-08-2023 ,Day: Monday, Time_11am-12.05pm, School_ G. 

H. S. S. Jhalmla(झलमला) Balod. 



2.Day: Friday Date: 15/09/2023, Time- 12.30--1.30pm, School-

èवामीआ×मानंदउ×कृçटǑहदंȣमाÚयमͪवɮयालयबलोद 

 

Tejaswani (2) 

1.Day -Monday, Date - 14/08/2023, Time 11:00 to 12:00 

School - Bharat Devangangovt higher secondary school Kharora 

Raipur Chhattisgarh 

2.Day – Monday, Date - 21/08/ 2023, Time - 01:00 to 02:00 pm 

School - Govt. High School Boriya Khurd RaipurChhattisgarh 

 

Dhaneswari (2) 

1.Day: Tuesday,Date: 22/08/2023School: Govt. H. S. School , Rakhi, 

Raipur 

2.Day: Wednesday, Date: 23/08/2023, School: High secondary school 

pardadaraipur 

 

 

Krishna ma'am (2) 

1.Day: Friday, Date: 25/08/2023, School: Sant DyaneshwarVidyalay, 

Raipur Chhattisgarh  



2.Day: Saturday, Date: 09/09/2023, Name of School :Model English 

Higher Secondary School, civil lines, Raipur, CG. 

 

Muralidhar (2) 

1.Day: Monday, Date: 28/08/2023, School: Vinayam Hr Sec School, 

Gudhiyan Raipur  

2.Day: Tuesday, Date: 29/08/2023School: Novnihal Public School, 

Ekta Nagar, Gudhiyari, Raipur 

 

Anushka (3) 

1.Day: Tuesday, Date: 05/09/23 

School: Sunbeam Convent Senior Secondary School, Anuppur, 

Madhya Pradesh 

2.Day: Friday, Date: 08/09/2023,School: Eklavya Model Residential 

School, Anuppur, MP 

3.Day: Saturday,Date: 09/09/2023 

School: Bethel Mission Senior Secondary School, Anuppur, MP 

 

Kajal (3) 

1. Day: Monday, Date: 11/09/23, School: Govt School Amleshwar, 

Patan, Durg. 



2.Day: Thursday, Date: 14/08/2023, School: Govt H.S. School 

Sankara,Patan,Durg. 

3.Day: Saturday, Date: 16/09/2023 

School: Swami Atmanand Excellence English Medium School, 

Amleshwar, Patan, Durg. 



 

 



  

 

 



 

 

 



 

 

 

 



 

 

 



 

 

 

 

 



 

 

 

 



 

 

 

 












