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The Indian Science Congress is in service of
nation by providing platform to academicians,
researchers, students and even to common man
in solving curiosity, updating advancement,
inculcating scientific temper and above all,
networking like-minded people who have passion
for science and technology. The publication of
“Everyman’s Science” is the flagship output
towards achieving the goal. As the name itself
indicates, the publication incorporates every
spectrum of science and technology that to in a
most simple syntax. Accordingly, the present
issue of Everyman’s Science presents information
over immunity booster Foxnut (Makhana) to
Mucormycosis, the uncommon disease arising
out of Covid 19 pandemic.

Being a student of Earth Science (and not of
medicine!), I wish to put here “How Geology is
related to Medical Science?”.

The relation between adverse health effects
and heavy metals is well known. An intimate
relationship between geology and human/animal
health has been established giving rise to the term
Medical Geology. Three different terminologies
appear – Medical Geology, Geomedicine and
Geophagy. All of them deal with disease,
medicine and geology. Medical Geology deals
with the geologic factors that have a bearing on
human, animal and plant health. It is the scientific
discipline that examines the impacts that geologic
materials and processes have on human and
ecosystem health. The modern version of Medical

Geology brings together geoscientists and
bioscientists to address a range of environmental
health problems. Since Medical Geology deals
with the cause of imbalance between chemical
elements and the body, it has enormous scope
from human cell level to extra planetary
distribution of toxic elements.

The earth surface is composed of rocks and
soil, both enriched in natural chemical elements.
Proper anatomical and physiological balance of
these elements in human body ensures human
health. Elements in periodic table can be
classified as major, minor and trace elements
according to their requirement by human body
and impact on human health. The four major
elements are H (Hydrogen), C (Carbon), N
(Nitrogen) and O (Oxygen). Sodium, Magnesium,
Calcium, Potassium, Phosphorus, Sulphur and
Chlorine are the seven minor elements. Apart
from these, 14 trace and 4 toxic elements are
also regarded important from Medical Geological
point of view. Based on geological formation
some regions of earth surface may be naturally
rich in certain chemical elements while some
others may be deficient. Depending upon their
quantity these elements either act as a medicine
or as an aetiological factor in living organism.
The excess or shortage of medical geological
elements effect human health through various
pathways.

Heavy metals (such elements as As, Pb, Cd
and Hg) or potential pollutants have been termed

Editorial

RELEVANCY OF GEOLOGY TO MEDICAL SCIENCE
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‘geogenic contaminants’. Geogenic diseases can
be classified into occupational diseases and non
– occupational diseases. Occupational diseases
have their origin from anthropogenic activities
like mining, metallurgy, architectural activities
and agriculture. Non –occupational diseases have
water, food and air as aetiological factors.

Another important aspect of Medical Geology
is geomedicines. Historical sources shows that
mineral and metal medicines - also called
geomedicines - derived from earth materials -
according to the regional peculiarities of
respective civilizations, are having their hold on
Materia Medica since ancient times.

Apart from disease and medicines some
behavioural practices like geophagy form
interesting facet of Medical Geology. The ancient
practice of geophagy- deliberately eating soils-
dates from prehistoric times across the globe.
This soil eating behavior, it was believed, helped

in coping with mineral deficiency and served
therapeutic purpose.

The efforts made here is just to introduce
Medical Geology to general readers. Medical
Geology helps in understanding the health
impacting environmental factors and generating
awareness for the same to prevent Geogenic
diseases. The use of alum as antiseptic substance
and its application as water purifier is good
example of Geomedicine. The water-therapy,
mud-therapy, stone-therapy etc dwell upon
knowledge of Medical Geology.

“If you want to learn about the health of a
population, look at the air they breathe, the
water they drink, and the places where they
live.”? Hippocrates (460–370 BC, a Greek
physician)

Medical Geology investigates minerals, rocks,
soil, air, water including habitat for well being of
human, animal and plant kingdom.

Prof. Pramod K Verma

“If you want to learn about the health of a population, look at the air they
breathe, the water they drink, and the places where they live.”?

—Hippocrates
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Euryale ferox Salisb. belongs to family
Nymphaeaceae (water lily family), commonly
known as Makhana, Gorgon nut, or Foxnut,
grown in stagnant perennial water bodies like
ponds, Oxbow lakes, and swamps1. The makhanas
are roasted and known as popped seeds of Euryale
ferox Salisb.. Lotus seeds are obtained
from Nelumbo nucifera (Sacred Lotus and Indian
Lotus) whereas makhanas or foxnuts are obtained
from Euryale ferox plants2. In India, its
commercial cultivation is limited to North Bihar,
Manipur, parts of West Bengal and Madhya
Pradesh. As per field system foxnut cultivation is
carried out in agriculture fields at a water depth
of 1 ft where foxnut seedlings raised as a nursery
and transplanted between the first weeks of
February to the third week of April. Through this
system, the duration of the foxnut crop is reduced
up to  four months1. During harvesting Foxnut
(Makhana) seeds are sun-dried and stored,
categorized into 5 to 7 grades according to their
sizes using a set of sieves, heated in an earthen
pitcher or cast iron pan by placing them over the
fire and stirring them continuously. Pre-heated
seeds are stored for 48-72 hrs at ambient condition

FOXNUT (MAKHANA) : THE POWERPACK SEED
Neha Garga, Komal Chauhanb, Kanchi Bariac and Meenakshi Bakshi Mehand

Foxnut belongs to the Kingdom Plantae , family Nymphaeaceae, Genus- Euryale Salisb, Species-
Ferox, and binomial name is Euryale ferox Salisb. constitute 75.04% carbohydrates, 11.16%,
protein, 0.5% fat, 0.27% calcium, 0.28% phosphorus & 0.006% iron. The biological value for
popped foxnut is 55 compared to egg & milk which is 93.7 & 84.5. The recommended dose is 30
grams/day. 100 gram formulated foxnut bread contains 222.26 Kcal, 6.20 gm protein 14.84 mg
calcium & 129.35 mg potassium costing Rs 19.60/-. Medically foxnut has anti-aging amino acids
showing antidiabetic, antihyperlipidemic, antioxidant, anti-fatigue, antidiarrheal and benefits spleen,
kidney and heart. Thus it works as a good nutraceutical.

Temporary Assistant Professora; Professorb; Assistant Professorc;
Professor & Headd Department of Foods and Nutrition, The
Maharaja Sayajirao University of Baroda, Vadodara, Gujarat,
India

INTRODUCTION

to loosen the kernels within the hard seed coat.
Pre-heated and tempered nuts are then roasted in
a cast iron pan in a single layer over the fire at
2900° C to 3400° C surface temperatures with
continuous stirring where after 1.5 to 2.2 min; a
cracking sound is heard from the seed being
roasted3. Wooden hammer is applied on the
roasted nuts and as the hard shell breaks, the
kernel pops out in expanded form, which is
called foxnut pop or lawa. Popped foxnut lawa is
graded into lawa and thurri. The lawa is swollen
and white with reddish spots, whereas, thurri is
semi-popped, hard, and reddish and transported
in ordinary gunny bags with polythene lining.

NUTRITIONAL VALUE OF FOXNUT
(MAKHANA)

Makhana (Euryale ferox Salisb.) is one of the
most common dry fruit utilized by the people
because of low fat, high carbohydrates, protein,
and minerals. It is a good source of unique
proteins and carbohydrates as shown in Table-1.
Kernels of Euryale are the major source of
glutamine, arginine, leucine, and isoleucine and
a fair source of cysteine and methionine and
other amino acids which act as antioxidants as
well as precursors of other long-chain amino
acids for normal health functions4. Table -2 shows
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the Essential Amino Acids (EAA) index of raw
and popped foxnut which is 93.63 and 89.97
against egg which is 97.1, whereas, the biological
value for popped foxnut is 55 against egg and
milk which is 93.7 and 84.54.

As per ayurvedic science, foxnut soothes Vata
and Pitta Dosha providing strength to the body,
reducing chronic fatigue, nourishes heart, testes,
uterus, and ovaries. It reduces burning sensation
that occurs in any disease due to its Pitta reducing
properties2. Foxnut increases the stickiness of
secretions by increasing moisture levels in the
body leading to increase in the quality and
quantity of semen and useful in impotence. In
ayurvedic medicine, the powder of its seed is
advised in a dose of 5 to 10 grams twice daily.
Its  dose can be increased up to 30 grams per
day2 for adults. Studies suggest that proteins
of Euryale ferox  have a unique assemblage of
different amino acids which act as medicinal
ingredients for anti-aging properties in human
cells4. The seed extract of E. ferox protect β-
cells against ROS-mediated destruction by
improvising the levels of antioxidant enzymes
and minimizing hyperglycemia which could be
due to the release of insulin from remnant and
recovered β-cells in the pancreas in STZ-induced
diabetic rats, as confirmed by the ultrastructural,
histopathological studies5.  The seeds of E. ferox
could be considered as an excellent source of
natural antioxidants and is useful in the prevention
of diabetic nephropathy6.. It also shows
antioxidant and anti-fatigue activities in the
phenolic extract from the seed coat10. 2β-
hydroxybetulinic acid and 3β-caprylate (HBAC)
active principle isolated from Euryale ferox
Salisb seeds exhibit excellent free radical
scavenging property and pancreas and
hepatoprotective property as well, supported by
histopathological examination5. Cardioprotective
properties of makhana suggest that such
cardioprotective properties may be linked with
the ability of makhana to induce TRP32 and Trx-
1 proteins and to scavenge ROS7. According to
ayurveda, it has GRAHI (absorbent/astringent)
action, therefore, it absorbs fluid from the gut
and reduces the frequency of loose stools2. No

Table 1. Nutrient Constituents of Raw seeds
of Euryale ferox Salisb (Makhana)
Constituents 1952 2011 2016 2017
Moisture% 12.8 10.71 34.7 11.82
Carbohydrate% 76.9 70.77 57 75.04
Protein% 9.7 11.02 7.2 11.16
Fat% …. 0.41 0.3 0.51
Phosphorus% …. 0.08 0.066 0.028
Sulphur% …. 0.024 …. 0.042
Calcium% …. 0.037 0.01 0.027
Magnesium% … 0.01 0.011 0.006
Potassium% ... 0.042 0.035.6 0.037
Iron% 1.4 0.004 0.008 0.006
Ash% 0.4 0.418 0.3 0.62
Total …. 93.525 99.59 99.3

 Source : Jana BR and Idris Md; 2018

Table 2. Comparative value of Essential Amino
Acid Index (EAAI) and biological value (BV)
of different foods

Feeds EAAI BV CS(% EGG)
Rice 82.88 68 54.93

Wheat 65.18 62.6 39.7
Bengal gram 81.55 68 53.33

Soybean 85.59 50.7 52.6
Amaranth 57.72 - 40.93

Egg 97.1 93.7 -
Milk - 84.5 -

Euryale popped 89.97 55 56.57
Euryale Raw 93.63 - 70

 Source : Jana BR and Idris Md; 2018
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side effects reported with foxnut when consumed
less than 30 grams per day. If it is taken regularly
or in excess, it causes side effects like constipation
(rare) and bloating2.

DEVELOPMENT OF FOXNUT
(MAKHANA) BREAD 

Foxnut bread was formulated in the
Department of Foods and Nutrition, Faculty of
Family and Community Sciences, The Maharaja
Sayajirao University of Baroda. The ingredients
used for the formulation were foxnut flour (50
gms), whole wheat flour (125 gms), refined
wheat flour (75gms), sugar (5gms), yeast (5gms),
salt (1gm) and fat (3gms). Two combinations of
Foxnut flour were used. The first combination
was composed of 30% foxnut flour, 20% refined
wheat flour and 50% whole wheat flour. The

second combination composed of 20% foxnut
flour, 30% refined wheat flour and 50% whole
wheat flour. Out of these two combinations
second was used for successful formulation. The
nutritional value for one loaf, 100 grams and one
slice was calculated by using Indian Food

Table 3. Nutrient composition and cost price of formulated Foxnut bread
Formulated Mois- Ash Total Prote Dietary Energy Ca N K Cost

Bread ture (g) Fat in Fibre (Kcal) (mg) (mg) (mg) Price
(g) (g) (g) (g) (Rs.)

Foxnut Bread
(1 loaf) (408g) 27.93 2.18 7.58 25.28 16.45 906.82 60.54 36.71 527.75 80/-
Foxnut Bread
(100 g) 6.85 0.53 1.86 6.20 4.03 222.26 14.84 9.0 129.35 19.60/-
Foxnut Bread
(1slice) (9.3g) 0.65 0.05 0.17 0.58 0.37 20.67 1.38 0.84 12.03 1.82/-

Fig. 1A : Proofed loaf

Fig. 1B : Baked loaf

Fig. 1C : Slices of Foxnut bread
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Composition Table (IFCT) for the formulated
foxnut bread (Table-3). The calculated cost of
one loaf, 100 gram and one slice of foxnut bread
are also given in Table-3. The sensory evaluation
was conducted by a semi-trained panel using a
scorecard method which shows good acceptability
of foxnut bread in appearance, taste, and crust
whereas fair in aroma and flavor. The shelf life
of the bread when not refrigerated was for three
days but in refrigerated conditions, it went up to
one week. Overall acceptability of the bread was
satisfactory (Figure-1).

CONCLUSION
Foxnut (Makhana) is a nutritional food with

medicinal importance. In Ayurveda, it is
considered to alleviate Vata and pitta dosh,
strengthens the heart and is useful in treating
anaemia. It is good immunostimulant. As per
Chinese reports, it has calming properties that
alleviate restlessness, palpitation, and insomnia.
With a good source of protein, it is excellent for
vegetarians. Anti-aging amino acids like
glutamine, cystine, methionine, arginine are
present in Euryale in higher concentrations. Other
amino acids for normal body function present in
appreciable proportion in raw as well as
popped Euryale.
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Milk has been considered as a perfect food
in all age groups including infants. Cow milk
is closest to breast milk. It’s one of the
inseparable parts of daily diet. Cow milk is a
resource of fat, lactose, proteins, vitamins and
minerals and also it contains several nutrients
needed for growth and development. In health
aspects, it contains immunoglobulin, hormones,
growth factors, cytokines, nucleotides, peptides,
polyamines, enzymes and several others
bioactive peptides. Milk contains lactoferrin
which is microbicidal. Cow milk is constituted
of carbohydrate (Lactose)-4.8%, Fat-4%, Protein
(Casein, Whey, Glycoprotein)-3.5%, Minerals
(Ca, K, I)-0.8%, and Vitamins (A, B2, B12)

A1 AND A2 BOVINE MILK AND THE RISK OF BETA-
CASOMORPHIN-7 (BCM-7) IN HUMAN HEALTH

P. Chitra

Milk is the ideal food for all age groups of human being. Milk proteins are generally composed
of proteins such as casein, lactalbumin, lactoglobulin, blood serum albumin, and immunoglobulin.
Casein is the chief component of the milk proteins and consists of fractions such as alpha, beta,
kappa and gamma proteins of which about 30 percent is beta- casein. The major beta- casein
variants are A1 and A2. Beta-casein consist a chain of 229 amino acids. Cows that produce milk
contain proline amino acid are called as A2 cows. A2 milk is found basically in indigenous cows
and buffaloes of India. Around 5,000 years ago, a mutation occurred in this proline amino acid,
converting it to histidine amino acid at 67th position. Cows that have this mutated beta casein
protein are called A1 cows. Different mutations bovine beta casein produce 13 genetic variants
and out of these A1 and A2 are the most common. A1 â casein is enzymatically broken down in
the intestine to produce beta–casmorphin-7 (BCM-7) which is an opioid peptide similar to morphine.
BCM-7 interacts with the human gastrointestinal tract, internal organs and brainstem. BCM-7
adversely affects the immune response and is also considered as a risk factor for chronic heart
diseases (CHD) and juvenile insulin dependent type I diabetes mellitus (DM-I).

Assistant Professor, Veterinary and Animal Sciences,
Agricultural College and Research Institute, Tamil Nadu
Agricultural University, Coimbatore-641 003, Tamil Nadu,
India, E-mail: drpchithupsc@gmail.com

INTRODUCTION

and supplies 66 kcal of energy per 100 grams
whereas Human milk contains an average 1.1%
protein, 4.2% fat, 7.0% lactose and supplies 72
kcal of energy per 100 grams. Many cow
products are used for their health promoting,
disease-preventing and therapeutic purposes.
Besides its nutritive use, milk and milk products
are used in conjunction with medicines to
enhance their pharmacokinetic and dynamic
benefits. However an extensive body of
evidence now exists that one particular type of
milk containing specific beta casein protein
might be harmful to the body.

BOVINE MILK PROTEIN: BETA
CASEIN

Bovine milk consist of about 87 percent of
water and the remaining 13 per cent milk solids



170

Everyman’s Science Vol. LV No. 5 & 6 December-March 2020-2021

constituting fat, lactose, proteins and minerals.
Cow milk is generally contains about 3.5%
proteins, of which approximately 80% are caseins
(αS1-, αS2-, β-, κ-CN) and 20% are whey
proteins (α-La and β-LG). Casein protein
becomes a major source for supply of all essential
amino acids (except sulphur-containing amino
acids-methionine and cysteine). Casein protein
constitutes of 36% α-Casein, 27 % β-Casein,
9% κ-casein and 25% peptides and amino acids.
Among the caseins, beta casein is the second
most abundant protein and has excellent
nutritional balance of amino acids.

A1 AND A2 MILK
Milk that contains A1 β-Casein and A2 β-

Casein are known as A1 milk and A2 milk
respectively. Cows that produce milk contain
proline (a specific amino acid) at 67 th position
are called as A2 cows i.e. the original breeds of
cows. A2 milk is found basically in indigenous
cows and buffaloes of India. Around 5,000 years
ago, a mutation occurred in this proline amino
acid, converting it to histidine (a different type
of amino acid). Cows that have this mutated beta
casein protein are called A1 cows. A1 protein
variant is commonly found in milk from crossbred
and European breeds of cattle. The A1 or A2
status of a cow is determined by a pair of genes
on the sixth chromosome of bovine genome
(Parashar, A and Saini, R.K., 2015, Boro, P et
al., 2016). There are two major alleles of the
genes, these are called A1 and A2 beta casein
alleles. A cow carries two copies of the beta
casein gene, she can carry either of A2A2
(homozygous), A1A2 (heterozygous or A1A1
(homozygous) alleles. The A1 and A2 variants of
bovine beta casein differ at amino acid position
67 with histidine in A1 and proline in A2 milk.
The mutation that gives rise to this difference is
the result of a single nucleotide difference at
codon 67 of beta casein gene CCT (A2, proline)

and CCT (A1, Histidine). Depending upon the
presence of proline and histidine at position 67,
the other variants have also been categorized as
A2 or A1 type

 The A2 allele gene in Indian milk breeds of
cows and buffaloes are 100% (Red Sindhi,
Sahiwal, Tharparkar, Gir and Rathi), other Indian
breeds used for farming, is around 94 per cent
(Joshi, 2011) and while in foreign breeds (HF
and Jersey), it is around 60 per cent (NBAGR,
2011). A1 β-casein is absent in the milk of pure
Asian and African Cattle.

BETA-CASOMORPHIN-7 (BCM-7) AND
THE RISK OF HUMAN HEALTH

A1 β casein is enzymatically broken down in
the intestine to produce β-CM-7 which is an
opioid peptide similar to morphine and named as
β-casomorphins (BCM). It is a small protein that
does not digest in human body. This can lead to
indigestion and many types of research have
shown that it may lead to various other problems
or diseases like type-1 diabetes, coronary heart
disease, arteriosclerosis, sudden infant death
syndrome, autism and schizophrenia. In A2 milk,
the proline amino acid found in 67 th position of
the β-casein prevents BCM-7 formation in our
body. But, A1 milk containing β-casein variants
that has histidine at the 67th position of the β-
casein allows the cleavage at this position by
different gastrointestinal enzymes to release
BCM-7.

Proline has a strong bond to a small protein
called BCM-7 and therefore stops the BCM-7
from getting into milk. So essentially, no BCM-
7 is found in the urine, blood or gastro-intestinal
tracts of the original A2 cows. Histidine, the
mutated protein, does not have a strong bond to
hold on to BCM-7. Hence, on consumption of
the A1 milk, this protein BCM-7 gets into the
gastro-intestinal tract of animals and humans. A2
beta-casein milk, the milk proteins are broken
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down into peptides, which in turn are broken
down into amino acids. This type of milk is
easily digestible. However, in the case of the A1
beta-casein milk, the peptides cannot be broken
down into amino acids, and so, are indigestible.
These A1 beta-casein protein fragments that enter
the bloodstream through leakages in the guts
cause serious ailments, including coronary heart
disease, Type I diabetes and autism.

The A1 and A2 variants of bovine β-casein
differ at amino acid 67th position with histidine
in A1 and proline in A2 milk. This polymorphism
leads to key conformational changes in the
secondary structure of expressed β-casein protein
(McLachlan, 2001). Due to presence of histidine
at amino acid 67th position, digestion of A1 β-
casein milk releases a 7 amino acid bioactive
peptide called beta-casomorphin-7 (BCM-7) in
small intestine, while proline in A2 milk at 67th

position prevents the split at this particular site
and generates peptide BCM- 9 (Kostya et al.,
2004). It is believed that generation of BCM -7
is the major causative factor associated with A1
milk related health disorders. However, A2 β-
casein not been linked to any of such health
issues (Kaminski et al., 2007).

Genetic variants in bovine β-casein gene (A1
and B) release a bioactive peptide, β-
casomorphin-7(BCM-7) upon digestion,
responsible for many human disorders like Type
1 diabetes, autism, schizophrenia and heart
diseases but A2 milk does not cause such type of
illnesses (Sodhi et al., 2012). Infants may absorb
β-CM-7 due to an immature gastrointestinal tract.
Adults, on the other hand, appear to reap the
biological activity locally on the intestinal brush
boarder. Â-CM-7 can potentially affect numerous
opioid receptors in the nervous, endocrine, and
immune systems. Whether there is a definite
health benefit to milk containing the A2 genetic

variant is unknown and requires further
investigation unlike harmful effects of A1 milk.

BENEFICIAL EFFECTS OF BCM-7
Apart from negative health impacts of BCM-

7, there are certain reports indicating the
association of BCM-7 with positive health
promoting effects such as
 Antagonist for 5-HT2-scrotonin receptor

and found to block serotonin induced
platelet aggregation

 Inhibin of epithelial-mesenchymal trans
differentiation during hyperglycemia in
NRK-52E cells by BCM-7 preventing,
fibrosis in chronic renal failure

 Contribution to mucin production in
intestine which has protective function

 Protective role in preventing high glucose
induced oxidative stress in both in-vivo
and in-vitro model

 Decreased oxidative stress in pancreas of
diabetic mice by inhibiting NF-kB-iNOS-
NO signalling pathway.

CONCLUSION
The A1/A2 hypothesis is both intriguing and

potentially very important for public health. A
few studies indicate that A1 beta casein may
have adverse effects in certain individuals. The
epidemiological and in-vitro data suggests the
potential health hazards of consuming A1 type
milk derived BCM-7, but the in-vivo studies of
the same are very few to support the findings.
Although a clear link between A1 β-casein and
a disease state has not yet been confirmed. The
hypothesis of A1 milk association with few
chronic diseases drawn from a survey done in
western countries population not in India.
Considering the contribution of buffalo,
indigenous cows and crossbred population in
India’s milk pool and based on the assumption
that β-casein is 45% of total protein and that



172

Everyman’s Science Vol. LV No. 5 & 6 December-March 2020-2021

around 25% of the β-casein may be from
A11allele cows, the average consumption of A1
milk in India would be around 0.24g/day; 5-10
times lower than countries surveyed. So there is
no cause to panic. If there is demand from
consumers for A2 milk as a matter of choice, the
government of India and state governments should
come up with policy guidelines and entrust the
certification powers with the agency that is
currently certifying organic milk, otherwise the
consumers are likely to be rigged.
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Plastics are ubiquitous in our everyday life,
due to which its production has enormously
increased in the recent past. It has several uses
ranging from household utensils to medical
equipments. The qualities of plastics such as
lightweight, strength, flexibility, moisture
resistance, and low-cost made its wide
commercialization leading to indiscriminate
consumption by humans. The modern lifestyle
dependencies on plastics are causing numerous
issues related to human and environmental
health. Bisphenol-A (BPA) is a plastic
associated compound, which has been chosen
for particular scrutiny because of its adverse
effects on human health, particularly its
endocrine disrupting nature. It is a common
environmental contaminant used as a monomer
to manufacture polycarbonate plastics and
epoxy resins. Polycarbonate plastics are useful
in making food containers, water bottles, baby
bottles, table wares and storage containers. The
major sources of our exposure to BPA includes

POTENTIAL HAZARDS OF BISPHENOL—A PLASTICS TO MALE
REPRODUCTIVE SYSTEM

Shiv Kumar Yadav, Dhirendra Pratap Singh# and Kamalesh Sarkar

Bisphenol-A (BPA), is a one of the high production volume synthetic organic compound. It found
its use in the manufacturing of polycarbonate plastics and epoxy resins and is pervasive in our
daily lives. It interferes with the body’s natural hormone systems and therefore prompts concerns
about the numerous health problems including reproductive and developmental effects. In the
recent past, BPA has gained considerable attention of researchers due to its adverse effect below
the established reference dose, which has raised a new concern for the safe dose of BPA. This
article highlights the toxic effects of BPA on male reproductive system.
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INTRODUCTION

household and daily use items, food packaging,
healthcare equipment such as dental implants,
thermal paper, toys and articles for children,
feeding bottles for infants, electronic devices,
etc. A common query always arises in our
mind; is microwaving food in polycarbonate
plastic safe for humans? Furthermore, storage
of acidic or basic food in plastic containers
also raises a question about the safety of these
containers. Research report says that heat in
microwaves and either acidic or basic conditions
in foods releases the BPA by accelerating the
hydrolysis of ester bonds linking BPA
monomers, which warns us about the wise
selection of kitchenware.

BPA exposure through food and water intake
is more concerning due to their long duration but
silent exposures1. In addition, the non-dietary
exposure to BPA cannot be underestimated,
especially in occupationally exposed individuals.
BPA can be detected in different body fluids
such as blood, urine, saliva, breast milk, amniotic
fluid, etc. In the United States measurable levels
of BPA have been detected in the urine of the
majority of people. In 2003-2004 a survey
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conducted by the U.S. Centers for Disease Control
and Prevention (CDC) noticed the detectable
levels of BPA in 93% of 2,517 persons of six
years and older in their urine samples2. The BPA
levels were reported to be more in children
compared to adolescents and adults. The most
concerning aspect about the BPA exposure arises
from animal experimentation that it had toxic
effects on fetuses and newborns. Due to the
adverse effects several countries such as Canada
in 2008, France in 2010 and European Union in
2011 have banned the use of BPA in infant
feeding bottles. In our country, in 2015 the
Bureau of Indian Standards (BIS) also prohibited
the use of BPA in baby feeding bottles as per IS
14625:2015. Despite this, the report says that
traces of BPA are still present in baby feeding
bottles and sippy cups. BPA has been considered
as one of the most prominent endocrine disruptive
chemical (EDC). Its negative impact on
development and, reproductive and metabolic
health has been well characterized in animal
models. Epidemiological studies are also
indicating for the same3. Present article mainly
focuses on the effects of BPA on male
reproductive system.

CONCERN ABOUT THE SAFETY OF
BPA ON MALE REPRODUCTIVE
HEALTH

BPA exposure has been associated with many
adverse effects on metabolism,
neurodevelopment, behavior, immune and
cardiovascular systems, diabetes, breast cancer
and infertility. In several reports, these toxic
effects occur at BPA level far below the
established reference dose. The European Food
Safety Agency (EFSA)4 and the U.S.
Environmental Protection Agency (USEPA)5 has
set the tolerable daily intake (TDI) of BPA at
<50 ìg/kg body weight/day. However, numerous
animal studies reported that the BPA can exert

significant adverse effects at this ‘safe’ dose as
well. Meanwhile, it remains unclear that what
exposure of BPA can be considered safe. In
2015, after careful re-evaluation of BPA toxicity,
EFSA reduced the TDI from 50 µg/kg body
weight/day to 4 µg/kg body weight/day. Several
scientific evidences about BPA show that the
Paracelsus’s concept “the dose makes the poison”
may not apply to BPA. Because low dose BPA
could actually be more detrimental than some
high dose exposure of BPA.

The toxic effect of BPA on male reproductive
function may occur during embryonic, pubertal
and adult life. Numerous studies in occupationally
exposed workers reported that BPA exposed
workers are at higher risk of male sexual
dysfunction than the unexposed workers.
Moreover, it has also been reported that BPA
exposed workers have less sexual desire, erectile
dysfunction (ED, reduced semen quality and
satisfaction with sex life6. Since, BPA is an EDC
and causes the reproductive toxicity even at very
low doses; therefore, in order to find the safe
alternative, several studies have also been
conducted on some new structurally similar
analogues of BPA. Unfortunately, these analogues
were also found to be toxic as BPA7,8. Although,
numerous studies investigated the disrupting
effects of BPA on male reproductive system, its
precise mechanism of action is unknown which
restricts the appropriate design of protective
measures to safeguard reproductive health.

EFFECT OF BPA EXPOSURE ON
HORMONAL PROFILE

The endocrine system plays an essential role
in regulating the reproductive behaviors via
controlling the gonadal hormones from
hypothalamic-pituitary-gonadal (HPG) axis. The
hypothalamic-pituitary-testicular (HPT) axis plays
an essential role in the development and
regulation of male reproductive system.
Moreover, this axis also holds the major control
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over the spermatogenesis and androgen
biosynthesis. BPA has a structural similarity to
estrogen and does change the sex hormone
signaling. However, it has weak estrogenic
activity compared to ethinylestradiol or
diethylstilbestrol due to its low affinity for
estrogen receptors. BPA produces adverse effects
on organs that are sensitive to androgen or
estrogen by interfering with the endogenous
reproductive hormones9. Multiple studies suggest
that BPA binds with estrogen or androgen receptor
and has both estrogenic and anti-androgenic
effects10,11. Several studies have reported the
negative impact of BPA on hormonal synthesis
and signaling, spermatogenesis and sperm motility
and quality, steroidogenesis, male urinary tract
development, and sexual function12. The complex
biological processes of reproductive physiology
and hormonal homeostasis can be disrupted upon
BPA exposure. It has been reported that the BPA
exposure induces alterations in the levels of
various hormones such as testosterone, Follicle-
stimulating hormone (FSH), Luteinizing hormone
(LH), inhibin B, and estradiol9,13. BPA is known
to undergo trans-placental transfer due to its
high lipophilicity.  Its exposure during the prenatal
period has been reported to impair the fetal
development and endocrine function of the testes
with reduced testosterone production13. Studies
have reported the higher levels of BPA in
occupationally exposed workers compared to
unexposed workers and found an association
between BPA levels and hormone profile,
suggesting the detrimental effect of BPA on
hormonal homeostasis. Workplace exposure to
BPA can affect many areas of male sexual
function and causes infertility6.

EFFECT OF BPA EXPOSURE ON
SEMEN QUALITY AND SPERM
FUNCTION

Numerous animal studies have reported the
toxic effect of BPA on spermatogenesis and

sperm characteristics even at very small doses,
suggesting likely issues for male infertility. These
studies suggested that BPA exposure negatively
affects the regulation of spermatogenesis through
the HPG axis12. Its exposure has been reported
to reduce the sperm production, sperm motility,
normal morphology, mitochondrial activity and
damages the sperm acrosomes and plasma
membrane13,14. BPA has also been reported to
increase the DNA damage in spermatozoa,
suggesting a possible mutagenic role in male
germ cells. In vitro studies have reported that
BPA exposure increases the sperm mitochondrial
dysfunction and oxidative damage of sperm in
different species12. The Catsper channel and Ca2+

signaling in humans play a significant role in
normal male fertility. BPA has been reported to
activate CatSper channel and thus affecting the
Ca2+ signaling in sperm15. Furthermore, BPA
exposure has also been reported to disrupt the
sexual behavior among rodents including
decreased performance in latency and frequency
of intromission. Additionally, several animal
studies have reported the adverse effect of BPA
on male reproductive organs such as testes,
epididymis, seminal vesicles and prostate gland.
Its exposure has been associated with structural
and functional alterations in male reproductive
organs of rats and mice at a wide range of doses.
The animal and epidemiological studies suggest
that the widespread use of BPA is detrimental to
the male reproductive function. Therefore,
bringing down the use of BPA is necessary in
order to safeguard the male reproductive health.

Due to its environmental omnipresence we
are routinely exposed to BPA through numerous
things such as plastics, fabric, countless pieces
of paper, etc. So what can we do? We can make
our reproductive system safe through a few simple
remediation such as eating less canned food,
avoiding microwave cooking in plastic containers,
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say no to plastic water bottles, paper receipts,
etc. It is not only essential for health but for our
future generations too. We should not forget the
very famous quote “Prevention is better than
cure”. These small steps can make a big difference
in protecting our health and environment.

Figure 1: Different sources of BPA and its
adverse effect on male reproductive system
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For thousand years or so, plants are being
used as the folk remedies and have drawn wide
attention for treatment of mild and chronic
diseases. With the advent of time, research on
plants has increased throughout the world and
huge information has been gathered highlighting
the immense potential of medicinal plants to be
used as various traditional systems of medicine1.
In this regard, legumes have been explored the
most in comparison to other group of plants for
their nutritive and pharmacogenic potential.
Legumes are the great sources of proteins, fats
and carbohydrates. The nutrient content in
legumes varies with the variation of their species
with beans, nuts, peas and lentils having the
unique nutritional profiles. Legumes are regarded
as the best protein sources among the plant
kingdom2. Another important application of

L-3, 4-DIHYDROXY PHENYLALANINE (L-DOPA) OF MUCUNA SP.:
ACTS AS PRECURSOR FOR THE NEUROTRANSMITTER

DOPAMINE, USED IN THE TREATMENT OF PARKINSON’S
DISEASE

Durga Prasad Barik#

Mucuna, the unconventional plant species have shown prodigious promise for its nutritional,
pharmaceutical and cosmaceutical bioactive constituents. Researches around the globe have
identified Mucuna to be a healthier nutritional addition for livestock feed as well as fodder crop.
Thus, claim for Mucuna is in an escalating trend due to its pharmaceutical propensity,
anticholestrolemic, antiparkinson, antidiabetic, aphrodisiac and antimicrobial properties. Almost
all the species are reported to have a non-protein amino acid L-3, 4-dihydroxy phenylalanine
(L-DOPA) acts as precursor for the neurotransmitter dopamine, used in the treatment of
Parkinson’s disease. Out of 150 species of Mucuna, Mucuna pruriens var. utilis (only cultivated
and edible variety) is reported to contain highest level of L-3, 4-dihydroxy phenylalanine
(L-DOPA), an established compound with anti-parkinson’s effect.
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INTRODUCTION

legumes includes their crop improvement activity
through symbiotic nitrogen fixation. A lot of
legumes (lentils, clover, peas, beans, soybeans,
alfalfa, peanuts and others) harbour symbiotic
bacteria called Rhizobia within their root nodules.
Though, beans and peas are the most popular
legumes among the common men, another
important legume is Mucuna. So far, 150 species
of Mucuna have been reported worldwide, out of
which 09 species and 04 varieties are found in
India3. A non-protein amino acid L-3, 4-dihydroxy
phenylalanine (L-DOPA) found in almost all
species used in the treatment of Parkinson’s
disease4. At present, it is highly appreciated
worldwide among the research community for
its nutritional as well as pharmacological values.
Various Mucuna species have been studied for
food self-sufficiency development and soil fertility
improvement. Additionally, their bioactive
potential has been extensively evaluated, most
importantly for Levo-dopa/L-DOPA5.
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NUTRITIONAL POTENTIAL COMPARED
TO OTHER LEGUMES

The amount of crude protein, carbohydrate
and fat content in the seeds of Mucuna pruriens
shows higher or at par when compared with the
most commonly consumed pulse crops in India
i.e. green gram, black gram, pigeonpea, soyabean,
peanut and chickpea (Table 1).The other vital
amino acids like cystine, threonine, methionine,
valine, tyrosine and phenylalanine are also present
in the seeds of valvet bean. Additionally, Seeds
of M. pruriens are found to be an affluent source
of minerals like magnesium, calcium, potassium
and iron6.

BIOACTIVE POTENTIAL OF MUCUNA
As early as 1500 BC, Mucuna was first

described in Ayurvedic texts for the treatment of
paralysis. Then, the most important use of this
herb was to treat the symptomatic effects in
Parkinson’s disease due to the presence of
constituents’ β-carboline, choline and bufotenine
which were reported for their anti-epileptic and
anti-neoplastic activity. Mucuna seed powder is
used to treat leucorrhoea, spermatorrhoea. Seeds
possess androgenic, antispasmodic, anabolic, anti-
inflammatory, analgesic, aphrodisiac, antivenom,
febrifuge, cholesterol lowering, antilithiatic,
hypoglycemic, immunomodulator, antibacterial,

Table 1. Comparative account of nutritional potential in 100g seeds of common legumes7, 8, 9

Plant name Botanical Name Protein (g) Carbohydrate (g) Fat (g)

Alfalfa Medicago sativa 4.0 2.1 0.7
Chickpea Cicer arietinum 8.86 27.42 2.59
Peanut Arachis hypogaea 25.0 21.0 48.0
Soyabean Glycine max 36.49 30.16 19.94
Pea Pisum sativum 5.42 14.45 0.4
Valvet bean Mucuna pruriens 31.44 52.56 6.73
Mung bean Vigna radiata 24.0 63.0 1.2
Pigeon pea Cajanus cajan 22.0 63.0 1.5

Mucuna spp.

Leaves
Antiprotozal effects,
aphrodisiac, anthelmintic
and tonic and are useful
in ulcers, inflammation,
helminthiasis, cephalalgia,
general debility

Flowers
Not reported so far for
any pharmacogenic
effects

Fruits
Antilithiatic, antibacterial,
antiparasitic, cough
suppressant, blood
purifier, carminative,
hypotensive, and uterine
stimulant properties

Seeds
Anabolic, androgenic,
analgesic, anti-inflammatory,
antispasmodic, antivenom,
aphrodisiac, febrifuge,
cholesterol lowering,
hypoglycemic,
immunomodulator

Fig. 1 : Pharmacogenic potential of different parts of Mucuna plant
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antiparasitic, cough suppressant, carminative,
blood purifier, hypotensive and uterine stimulant
properties (Fig. 1). Apart from that, Mucuna has
been tested for its several pharmacological
activities and found that it is one of the major
constituents in polyherbal extract formulations
for treating different ailments. A small number
of modern evidences include Anti Parkinson’s
effect, Aphrodisiac effect, Antioxidant effect,
Antidiabetic effect, Antitumour effect,
Antibacterial effect, Antiprotozoal effect, Anti-
inflammatory, Analgesic, Antipyretic activity, Anti
snake venom effect and effect on fertility10.

MECHANISM OF ANTI PARKINSON’S
EFFECT

Parkinson’s disease is the progressive
impairment or deterioration of neurons in an
area of the brain known as the substantia nigra.
Under normal conditions, neurons secrete
dopamine which is a chemical messenger that
allows communication between substantia nigra
and other parts of brain i.e. corpus striatum.
However, in case of affected persons, there is
lack of dopamine due to abnormal nerve
functioning which leads to inability to control
body moments11. Thus, when Levo-dopa (L-
DOPA) is transported to the nerve cells in the
brain it produces dopamine. The dopamine is
further used as a neurotransmitter (Fig. 2).

Mucuna pruriens extracts (MPE) used for
antiparkinson’s disease is known to contain 12.5%
L-dihydroxyphenylalanine (L-dopa), as compared
to the equivalent doses of L-dopa present in the

drug formulation. A sensitive drug dose of 16
mg/kg contain 2 mg/kg of L-dopa for the
antiparkinson effect whereas, Mucuna plant
extract possesses L-dopa with most effective
doses of 6 mg/kg.

OTHER EFFECTS
Methanolic seed extract of Mucuna pruriens

was studied against the anti-tumour and
antioxidant activity in Swiss albino mice while
ethanolic extract shows hypoglycaemic activity.
A study on treatment with M. pruriens
significantly improved dopamine, luteinizing
hormone, serum testosterone and adrenaline levels
in infertile men and reduce the levels of follicle
stimulating hormone (FSH). This significantly
improves the male fertility by its action on the
hypothalamus-pituitary-gonadal axis leading to
more sperm count and motility in infertile men12.
The antioxidant activity was observed in the
seed ethanolic extract through the removal of
super oxides and hydroxyl radicals13. The

HO
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NH2 HO
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L-Dopa Dopamine

Dopa decarboxylase (DDC)

Structure of L-DOPA
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Fig. 2 Mechanism of action of L-dopa in
treatment of Parkinson’s disease
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methanolic extract of Mucuna seeds were
evaluated for its antibacterial activity, showed
activity against Gram-positive Bacillus cereus,
Staphylococcus and Gram-negative Proteus
vulgaris14. Thus, the extracts of Mucuna plant
are highly encouraged for their applications in
preventing gonadal atrophy, cardiomyopathy,
dermatitis, muscle degeneration, spermatogenesis,
growth retardation, alopecia, immunologic
dysfunction, impaired congenital malformations
and bleeding disorders.

BIOTECHNOLOGICAL TOOLS TO
INCREASE YIELD OF BIOACTIVE
COMPOUNDS FROM MUCUNA SP.

Biotechnological approaches like genetic
engineering, plant tissue cultures, gene cloning,
gentic transformation, cell suspenson culture etc.
are found to have potential role in the industrial
production of bioactive plant metabolites 15.

Discoveries of cell cultures capable of
producing specific medicinal compounds at a
rate similar or superior to that of intact plants
have accelerated in the last few years. The major
advantages of a cell culture system over the
conventional cultivation of whole plants are: (i)
Useful compounds can be produced under
controlled conditions independent of climatic
changes or soil conditions; (ii) Cultured cells
would be free of microbes and insects; (iii) The
cells of any plants, tropical or alpine, could
easily be multiplied to yield their specific
metabolites; (iv) Automated control of cell growth
and rational regulation of metabolite processes
would reduce of labour costs and improve
productivity; (v) Organic substances are
extractable from callus cultures. Using this

methodology a wide range of chemical
compounds has been synthesized16. Thus, these
advanced techniques can very well be employed
for Mucuna plants for their effective and enhanced
usages in nutritional, pharmaceutical and other
bioactive applications.
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Earthworms belong to Phylum Annelida, Class
Clitellata, Subclass Oligochaeta with more than
6000 species known globally1-2 and since time
of Darwin in 1800, they have been known to
impact soil fertility.

The earthworms are identified based on
taxonomic keys including observation and
recording of different external features including
body length, width, diameter, number of
segments, setae type including perichaetine or
lumbricine forms, distances between the pairs
and setal formula number of segments in pre and
post clitellar region, pineal setae structure,
segment of origin of dorsal pores, location, shape
and properties of spermathecal pores, male,
female and prosthetic pore, colour of the body,

EARTHWORM IMMUNE SYSTEM: PATHOGEN AND TOXICITY
Shyamasree Ghosh1*

Earthworms are known as natural tillers of the soil and also known as the farmers friend. Thus
their health has a direct impact on the soil fertility affecting agriculture, plant production,
vermicomposting, soil quality maintenance, topsoil reconstruction, organic farming and sewage
sludge treatment. Although the earthworm belonging to Invertebrate Phylum Annelida, Class
Clitellata, Subclass Oligochaeta reveal a primitive life form, the earthworm immune system is
robust,  that helps them to survive despite constant exposure to pollutants and pathogens generated
from environmental and anthropogenic sources.  India, being a country, rich in its biodiversity,
reveal rich species diversity. Thus the study of the earthworm biology finds importance.  In this
article, we discuss in brief the components of the earthworm immune system and the impact of
pathogens, pollutants and toxic agents on earthworm health.

1. INTRODUCTION: EARTHWORMS
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nature and colour of clitellum, anus bearing
segments, nature and type of prostomium
including epilobic, prolobic, tanylobic and
zygolobic forms, tongue, genital markings and
internal features including calciferous glands,
gizzards, pharynx, segment of origin of intestine,
number and location of hearts, nephridia type
including holonephridia or meronephridia forms,
position and characteristic of prostate glands
including racemose or tubular forms, number
and position of ovaries, ovisac, oviduccal funnel,
testis, funnels, seminal vesicles, spermathecae1-4.

More than 450 species of earthworms has
been reported from India2-4 and new species are
being observed and recorded, thus the number is
on the rise. The different families of earthworms
reported from India include Acanthodrilidae,
Glossoscolecidae, Lumbricidae, Almidae,
Eudrilidae, Moniligastridae, Ocnerodrilidae,
Octochaetidae, Rhinodrilidae, Megascolecidae



182

Everyman’s Science Vol. LV No. 5 & 6 December-March 2020-2021

under which genus Perionyx is the most abundant
in distribution reported from India2,4.

They reside in soil and in fresh water. The
earthworms residing in the soil, reveal ecotypes
(Fig. 1) including (i) epi-endogeic ecotypes
predominantly including Dendrobaena veneta (D.
veneta) and Eisenia fetida (E fetida), thriving on
warm and moist environment, occur beneath the
litter, with bright red striped, pigmented
phenotypes, moderate body size, rarely forms
deep burrows, rapidly consumes and dispose the
wastes and soil contaminants (ii) epigeic ecotypes
predominantly including Dendrobaena attemsi
(D. attemsi), Dendrobaena octaedra (D.
octaedra), Dendrodrilus rubidus (D. rubidus),
Eiseniella tetraedra (E. tetraedra), Heliodrilus
oculatus (H oculatus), Lumbricus castaneus (L.
castaneus), Lumbricus festivus (L. festivus),
Lumbricus rubellus (L. rubellus), Satchellius
mammalis (S mammalis), living on the surface
soil, feeding on litter and organic matter they
enable mixing of organic and inorganic matter,
reveal dark colour skin, red, reddish-brown
pigments on skin that protect them from UV
rays, non-striped body, small body size (iii)
Endogeic ecotypes including Allolobophora
chlorotica (A chlorotica), Apporectodea
caliginosa (A caliginosa), Apporectodea icterica
(A icterica), Apporectodea rosea (A rosea),
Muchieona muldali (M muldali), Octolasion
cyaneum (O. cyaneum), Octolasion lacteum (O.
lacteum), surviving in soil at around 20 cm
depth and make horizontal burrows, feed on soil,
express pale body colour ranging from pink,
blue, grey or greenish forms, no pigments in
skin, body size ranges from small to medium
size, they make semi permanent burrrows that

are horizontal in direction (iv) aneic ecotypes
including subsoil dwellers, residing at a depth of
around 3m below the top soil surface, including
predominant forms of Apporectodea longa (A.
longa), Apporectodea nocturna (A. nocturna),
Lumbricus friendi (L. friendi), Lumbricus
terristris (L terristris) They make permanent
vertical burrows in the soil, feeding on leaves
and releases their castings at burrow entrance,
reveal dark colour forms with reddish, brown
heads and pale tails, skin with pigments and are
large in size5.

Aquatic Oligochaetes have been identified
from habitats of soil adjoining freshwater bodies
like pond, lakes with a continuous flow of water,
they also include benthic lifeforms, surviving on
organic matter on ponds, stream bottoms, some
dwell deep in sediments, some inhabit upper
layers of the benthic surface, some have parasitic
existence. Members of genus Glyphidrilus Horst
from rivers in Thailand is known to live a semi
aquatic freshwater life. 

Litter, plant debris Epi-Endogeic

Cast Epigeic

Endogeic

Enecic

Fig. 1: Ecotypes of soil dwelling earthworms.

Dwelling in the soil, they consume plant litter
and soil. In our studies on earthworms of Perionyx
sp. from Bhubaneswar, Orissa India, using
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spectrophometric, CHNS Elemental Analyser,
Fourier-transform infrared spectroscopy (FTIR),
Proton induced X-ray Emission (PIXE) studies,
we have reported the occurrence of several
elements including Carbon, Hydrogen, Nitogen,
Sulphur as major elements while Chlorine,
Potassium, Calcium, Titanium, Vanadium, Zinc,
Copper, Chromium as trace elements, and Iron
as minor elements and cysteine, tyrosine and
tryptophan as major amino acids6.

2. EARTHWORM IMMUNE SYSTEM:
COMPONENTS
Although the adaptive immune system (AIS)

is not reported from earthworms under
invertebrate Phylum Annelida, they are known
to possess a robust innate immune system,
comprising of (i) cellular components including
coelomocytes, chloragocytes, eleocytes,

granulocytes, natural killer (NK cells), NK like
effector cells and (ii) humoral components
including antimicrobial peptides (AMP)7,
antibacterial phosphorylase, coelomic cytolytic
factor (CCF)8, lectins, lysenin9, metallothionin
like proteins, fetidin, 38kDa, pore forming
cytolytic factor, haemolysin, coelomic mitogenic
factor (CMF), eisinapore and lysosomal
enzymes10 (Table 1), (iii) Receptors including
CCF-1, lipopolysaccharide-binding protein (LBP)
/bactericidal permeability-increasing protein(BPI),
Multiple Cysteine Cluster (MCC)Toll like
Receptor (TLR), Single cysteine cluster (SCC)
TLR are known to play role in downstream
signalling pathways leading to pathogen
elimination.

In the Annelids, the innate immune system
functions by the recognition of pathogen-

Table 1: Earthworm: Innate Immune Components10-14

Humoral

antibacterial
phosphorylase
AMP
agglutinins
CCF
CMF
eisinapore
fetidin
haemolysin
lectins
lysenin
lysosomal
enzymes
metallothionin
like proteins
pore forming
cytolytic factor

Cellular

chloragocytes
coelomocytes
granulocytes
eleocytes
NK cells
NK like effector
cells

Receptors

MCCTLR
CCF
LBP/BPI
SCCTLR

Pathways

Proteins in
coelomic fluid,
bearing
homology to
proteins involved
proPO cascade

Overall Immune
response
Melanisation
reaction
Wound repair
Phagocytosis
Encapsulation
Nodule, pearl
formation
Blood
coagulation
Release of
oxygenated
species
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associated molecular patterns (PAMPs) which
are conserved patterns of pathogens by pattern
recognition receptors (PRRs) on immune cells
which can activate signalling cascades leading to
removal of the pathogen. The proteins of
prophenoloxidase (proPO) cascade  found in the
earthworms have been studied to be activated in
response to pathogen recognition by PRR like
CCF, leading to encapsulation of the pathogen
and plays vital role in earthworm immune
responses7-11.

However, despite such battery of immune
cells, receptors and molecules comprising the
earthworm innate immune system, which confers
them immunity to pathogens that they are
exposed to toxic agents in their habitats. On
exposure to pollutants, toxic agents, radiations,
nanoparticles (Fig. 2), subjected to harsh
conditions of soil, environmental stress factors,
climate change, the earthworms reveal an
affected physiology, changed distribution pattern,
altered reproduction, affected overall activity
and health and increased death. We discuss in
brief the impact of different stress factors on
earthworm health in brief next.

3. IMPACT OF POLLUTANTS,
NANOPARTICLES, HARMFUL
AGENTS AND CLIMATE CHANGE ON
EARTHWORMS
Earthworms are exposed to and known to

accumulate metals and toxic agents from soil.
Agents like heavy metals, lead (Pb), Cadmium
(Cd), Chromium, microplastic, agrochemicals,
pesticide, herbicides, acid rain leads to
bioaccumulation, oxidative stress, toxicity and
affected metabolism. Exposure to carbon
nanotubes (CNTs), carbon black (CB), titanium
dioxide nanoparticles (TiO2NPs), zinc oxide
nanoparticles (ZnONPs) is known to cause
metabolic toxicity and neurotoxicity10,15-16.

Harmful radiations like UV, gamma radiation,
exposure to radionucleotides can lead to
genotoxicity and oxidative stress, lipid
peroxidation and affected reproduction in
earthworms5,17-18.

Climate change revolving around altered
temperature, precipitation, soil water content,
affect the soil ecosystem which inturn affect the
soil living organisms including earthworms
affecting species distribution and overall health
and physiology. Changes in the climate conditions
may facilitate earthworm invasion at higher
altitudes and latitudes as opposed to warm and
dry conditions limiting earthworm activity19-20.

Environmental stress factors like exposure to
drought, floods, altered soil moisture, soil salinity
is known to affect their physiology and functions
and could be detrimental to their existence.
Environmental stress factors like cold can cause
alteration in the elemental composition,
metabolism and increased autophagocytosis21.

Pollutants

Nanoparticles

Toxic
Agents

Radiations
Climate
change

Pathogens

Environmental
stress

Figure 2: Overview of different toxic agents
on earthworm immune system
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Figure 3. Exposure of pathogens to earthworm
leads to activation of innate immune cells, binding
of LPS, glucans from pathogens to CCF-1 leads
to downstream activation of ProPO pathway
leading to effector processes by which pathogen
infection is controlled. MCCTLR and SCCTLR
on interaction with bacterial/pathogen
macromolcules, lead to a downstream activation
of NFkB leading to downstream activation of
genes causing expression of humoral immune
components8,12-14,20,22-23.

On exposure to macromolecules from
pathogens like bacteria and fungi, CCF-1 has
been reported to activate the proPO cascade
leading to downstream effects on pathogen
removal, release of oxygenated species,
melanisation, antibacterial responses,
encapsulation (Fig. 3). MCCTLR mostly involved
in earthworm early development, and SCCTLR,
mostly involved in innate immune responses, on
interaction with bacterial/pathogen
macromolcules, lead to a downstream activation
of transcription factor nuclear factor kappa
B (NFkB) leading to downstream signalling

events that inturn leads to gene activation of
gene transcription causing expression and
synthesis of humoral immune components8,12-

14,20,22-23. The pathway activated by LBP/BPI
remains yet to be understood at this point of
time.

4. DISCUSSION
Earthworms, by their habitats in soil,

burrowing activity, and thriving on plant litter
and soil, release of casts at burrow entrance,
play role as natural tillers of the soil, removal of
soil debris, thus enabling soil bioremediation
thereby increasing soil fertility. Global changes
of climate, impact of pollutants, pathogens,
harmful radiation, environmental stress factors
has been shown to affect the earthworm biology,
metabolism, gene expression, distribution, life,
health, invasion, physiology, reproduction.

As these environmental and anthropogenic
stress factors are known to affect earthworm
biology, a recent school of thought has highlighted
the role of earthworms as biomarkers of soil
ecotoxicity, tools for monitoring soil and in
assessment of soil quality. Abundance, ecotypes,
biomass, species distribution, biology, expression
of metallothionein gene has found importance as
indicators of soil health.

A recent school of thought has highlighted
that in the process of devouring plant litter,
earthworms on one hand stimulate carbon
sequestration in soil aggregates while on the
other hand increase carbon dioxide (CO2) and
nitrous oxide (N2O) emissions which are major
green house gases. In the light of recent studies
it remains for further studies to understand the
role of earthworms as friends or foe.

Pathogen/PAMP/Bacteria/Fungi
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Nowadays, globally cancer is becoming the
leading cause of death. Fifty-eight million deaths
occurred worldwide in 2019, and cancer
accounted for 7.6 million (or 13%) of all deaths.
More than 70% of all cancer deaths in 2019
occurred in low and middle-income countries1.
Deaths due to cancer are projected to continue
rising, with an estimation of 9 million deaths by
2020 and 11.4 million deaths by 2030. The main
types of cancer leading to overall cancer mortality
are:

A. Lung (1.3 million deaths/year)
B. Stomach (almost 1 million deaths/year)
C. Liver (662,000 deaths/year)
D. Colon (655,000 deaths/year) and
E. Breast (502,000 deaths/year)

VINCA ALKALOIDS FROM MADAGASCAR PERIWINKLE
(Catharanthus roseus (L.) G.Don): AN OVERVIEW

Rupavath Chandrashekhar1@, Jyothi Chaitanya Pagadala2, and N. Lakshmi Bhavani1*

Cancer, as anticipated, is becoming the major cause of fatality throughout the world. Catharanthus
roseus was found to possess vinca alkaloids and also a set of mitotic resistant and antimicrotubule
agents. Vinca alkaloids are a group of cell cycle precise cytotoxic drugs that endeavor by inhibiting
the ability of cancer cells and therefore are being used as commercial drugs in cancer therapy.
From the abundant alkaloids present in different parts of Catharanthus roseus, compounds include
Vinblastine, Vincristine, Vindesine and Vinorelbine. Vincristine is the drug of choice for the
treatment of childhood leukemia, while Vinblastine is a secondary drug to treat Hodgkin’s disease
and other neoplasms. Vincristine and Vinblastine together represented as a new class of naturally
occurring oncolytic agents are extensively used in chemotherapeutic management of a wide variety
of human malignancy.

1. INTRODUCTION
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There are an estimated 2.5 million cancer cases
in India at any given time. Nearly 800,000 cases
were diagnosed in 2000, and there were 550,000
deaths due to cancer in that same year. The most
disheartening is that many of these cancers can
either be prevented altogether or treated if it
detected early1. Worse yet, more than 70% of all
cancers in India are diagnosed when the disease
is so advanced that treatment is much less
effective. Cancer is a generic term for a group of
more than 100 diseases that can affect any part
of the body. Other terms used are malignant
tumors and neoplasms. One defining feature of
cancer is the rapid creation of abnormal cells
that grow beyond their usual boundaries and can
invade adjoining parts of the body and spread to
other organs, a process referred to as metastasis.
Metastasis is the major cause of death from
cancer1.

Cancer occurs because of the changes in genes
responsible for cell growth and repair; changes
result from the interaction between genetic host
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factors and external agents. The main carcinogens
are physical, chemical, oncogenic viruses,
bacteria, parasites and aflatoxins producing fungi.
Treatment may involve surgery, radiation therapy,
chemotherapy, hormonal therapy, or some
combination. The most advanced forms of
treatment may produce a 5-year survival rate of
75% or more for certain types of cancer, e.g.,
cancer of the uterine corpus, breast, testis, and
melanoma. By contrast, survival rates in cancer
of the pancreas, liver, stomach, and lung are
generally less than 15%. Cancer chemotherapy
has developed rapidly, but some chemotherapy
causes unacceptable side effects and is costly.

So, there is a need to search for more natural
biological products, especially those derived from
plant products. Additionally, combining
conventional chemotherapeutic compounds with
herbal medicine might improve efficacy and
decrease side effects. Medicinal plants are
recognized as important sources of materials for
developing novel drugs3. It is already documented
in Ayurveda that the use of herbal extracts and
nutritional supplements either as an alternative
or complementary medicine to the conventional
chemotherapy for cancer treatment. Vinblastine,
Vincristine, camptothecin derivatives, topotecan,
irinotecan, etoposide, epipodophyllotoxin, and
paclitaxel (taxol) plant derivatives. Some
promising new agents are in clinical development
based on selective activity against cancer-related
molecular targets, including flavopiridol and
combretastatin A4 phosphate.

 Catharanthus roseus (L.) G. Don
Catharanthus roseus is native to Madagascar

naturalized in many regions, particularly in arid
coastal locations. In Australia, Africa, India, and
Southern Europe. It is grown commercially for
medicinal uses4 and cultivated as an ornamental
plant almost throughout the tropical and
subtropical world. The leaves are simple,

opposite, rich glossy green, ovate to oblong, and
up to 5 cm long. The 2.5-5 cm broad flowers,
simple, with five usually pink, red or white petals,
sometimes with “eyes” of contrasting color at
their centers4.

Figure. 1: Catharanthus roseus (L.) G.Don4

Taxonomy
Kingdom : Plantae
Division : Magnoliophyta
Class : Magnoliopsida
Order : Gentianales
Family : Apocynaceae
Genus : Catharanthus
Species : roseus

Geographical Distribution
Catharanthus is widely grown in gardens or

so often yet along the roadside in India and
worldwide. Catharanthus  (Madagascar
Periwinkle) is a genus of eight species of
herbaceous perennial plants, seven endemic to
the island of Madagascar, the eighth C. pusillus
from India and Sri Lanka. They were formerly
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included in the related genus Vinca. The name
Catharanthus is derived from the Greek meaning
“pure flower”4.

Traditional Use
 Modern researchers are now aware of the

plant’s valuable and varied properties. In this
process, the importance of Madagascar periwinkle
highlighted for its medicinal value. In India, the
juice from the leaves of this plant used to treat
wasp sting. In Hawai, the extract of the boiled
plant prescribed to arrest bleeding. In Central
America and parts of South America, they made
a gargle to ease sore throats, chest ailments, and
laryngitis. In Cuba, Puerto Rico, Jamaica, and
other islands, an extract of the flower is
commonly administered as eye drops4.

In Africa, leaves are used for menorrhagia and
rheumatism. Surinamese boil ten leaves and ten
flowers together to treat diabetes. Bahamians take
flower decoction for asthma and flatulence and
the entire plant for tuberculosis. In Mauritius,
the leaf decoction is given for dyspepsia and
indigestion. People of Vietnam used it for diabetes
and malaria. In Curacao and Bermuda, natives
take the plant to reduce high blood pressure.
Indochinese uses the stalks and leaves for
dysmenorrhea4.

Chemistry
Catharanthus roseus contains more than 70

alkaloids, characteristically of indole nature. It
has medicinal importance owing to the presence
of alkaloids. Ajamalicine, Serpentine and
Reserpine are well known for their hypotensive
and antispasmodic properties. The rootbark

contains the alkaloid Alstonine which has been
used traditionally for its calming effect and its
ability to reduce blood pressure4.
Medicinal Use

Catharanthus roseus, an essential plant source
of alkaloids, is found commonly in India. The
research was stimulated by its traditional use in
the treatment of diabetes, but the hypoglycaemic
activity of this plant is not detected. Still, the
susceptibility to bacterial infection in the treated
test animals led the researchers to look for
possible immunosuppressive effects.
Catharanthus roseus has gained interest from the
pharmaceutical industry due to its alkaloids
vincristine and Vinblastine. Vincristine and
Vinblastine are being used as effective drugs to
treat leukemia5.
Pharmacology of Vinblastine and Vincristine

Vinblastine and Vincristine are alkaloids found
in the Catharanthus roseus (formerly classified
as Vinca rosea, which led to these compounds
termed Vinca alkaloids). Vindesine and
vinorelbine, semisynthetic derivatives of
Vinblastine, are used to inhibit mitosis (cell
division) in metaphase6. These alkaloids bind to
tubulin, thus preventing the spindle formation
essential for the separation of chromosomes
during cell division. These alkaloids also seem
to interfere with the cells’ ability to synthesize
DNA and RNA that stops unwanted division of
cells forming tumors6. They are all administered
intravenously in their sulfate form once a week;
these solutions are fatal if administered any other
way and cause many tissue irritation if they leak
out of the vein.

Anticancer Molecules

Anticancer molecule Formula Mol. weight Melting Point

VINBLASTINE C46H58N4O9 810.974 267°C

VINCRISTINE C46H56N4O10 824.958 220 °C

Table. 1: Physical Properties of Vinblastine and Vincristine
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Figure. 2: Structure of Vinblastine

Vinblastine is typically administered at a dose
of 6 milligrams per square meter of the body
surface. It is as Velban by Eli Lilly and has a
half-life of 24 hours in the bloodstream.
Vinblastine is mainly useful for treating Hodgkin’s
disease, lymphocytic lymphoma, histiocytic
lymphoma, advanced testicular cancer, advanced
breast cancer, Kaposi’s sarcoma, and Letterer
Siwe disease6. It also seems to fight cancer by
interfering with glutamic acid metabolism
(specifically, the pathways leading from glutamic
acid to the Krebs cycle and urea formation).
Precautions

People with bacterial infections should not
give this drug, and also to pregnant women
because it causes severe congenital disabilities.
Side effects include hair loss, nausea, lowered
blood cell counts, headache, stomach pain,
numbness, constipation and mouth sores. Bone
marrow damage is the typical dose-limiting factor.

Vincristine, which is marketed as Oncovin by
Eli Lilly, has a serum half-life of about 85 hours.
It is used mainly to treat acute leukemia,
Rhabdomyosarcoma, neuroblastoma, Hodgkin’s
disease, and other lymphomas6. The typical dose
is 1.4 milligrams per square meter of body surface
once a week, and neurotoxicity is the dose-
limiting factor (it can cause damage to the
peripheral nervous system). Because of this,
people with neuromuscular disorders should steer
clear of this drug if possible10. Similarly, people
with some forms of Charcot-Marie-Tooth
syndrome should avoid Vincristine.

Precautions

Pregnant women should not take Vincristine
because it causes severe congenital disabilities
in animal tests. Side effects include those found
with Vinblastine, plus nervous system problems
such as sensory impairment; some people may
also develop breathing problems or lung spasms
shortly after the drug is administered. People
occasionally develop secondary cancers if they
receive the drug and other anticancer drugs known
to be carcinogens10.

CONCLUSION
Multidrug resistance towards antibiotics and

their related effects has an added effect of
pursuing the use of natural drugs. Researchers
found some evidence for the rapid global spread
of resistance of clinical isolates leading to the
discovery of new drugs. Herbal medicine remains
the oldest and most used form of medicinal
practice in our planet. A rich heritage of
knowledge on preventive and curative medicines
is available even in ancient scholastic works,
approximating in the Atharvana Veda, Rig-Veda,
Charaka Samhita, Ayurveda, etc. Plants are theFigure. 3: Structure of Vincristine
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fundamental source of knowledge of modern
medicine. According to the world health
organization, medicinal plants would be the
best source to obtain various drugs for cancer
cure. About 80% of individual medicines
have compounds derived from medicinal
plants. Therefore, there is an urgency to
procure and secure medicinal plants that should
better investigate their properties, safety and
efficiency.

From this preceding overview, it could be
concluded that there are different medicinal
compounds present in the Madagascar periwinkle
(Catharanthus roseus G. Don.). The two semi-
synthetic analogs, vinorelbine and vindesine
(VDS) obtained from the alkaloids of periwinkle.
They showed potential activity against leukemia,
lymphomas, advanced testicular cancer, breast
cancer, lung cancer, and Kaposi’s sarcoma when
treated in combination with other
chemotherapeutic drugs7. Vinflunine, a
bifluorinated derivative of vinorelbine, exhibits
a better-quality anti-tumor activity compared to
other vinca alkaloids. This novel Vinca alkaloid
is currently under Phase II clinical trials. Both
vinflunine and vinorelbine exhibit reduced
toxicity in animal models8-9. It is considered that
the most efficient drugs introduced in the last
decade from all vinca alkaloids, Vincristine, and
Vinblastine are found active against a broad
spectrum of cancer cells. These compounds
reported potential activity against lymphocytic
leukemia in mice. Hence, there is hope on the
pharmaceutical industry that identifies and
produces even more powerful commercial drugs
developed sooner, using plant derivatives to treat
cancer and save humankind effectively.
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Commercial chitosan is derived from the
shells of shrimp and other sea crustaceans,
including Pandalus borealis byde-acetylation of
chitin, which is the structural element in the
exoskeleton of crustaceans e.g. crabs, shrimp
and cell walls of some peculiar fungi.Chitin
(C8H13O5N) n is a long-chain polymer of N-
acetyl glucosamine, an amide derivative of
glucose (Figure1). This polysaccharide is a
primary component of cell walls in fungi, the
exoskeletons of arthropods, such as crustaceans
and insects, and cephalopod beaksetc.It is the
second most abundant polysaccharide found in
nature behind only cellulose. Thechemical
structure & orientation of chitin is much
comparable to that of cellulose, forming
crystalline Nano fibrils and functionally
comparable to the keratin a type of protein.

CHEMICAL STRUCTURE &SYNTHESIS
Crustacean shells consist of 30-40% proteins,

30-50% calcium carbonate and 20-30% chitin and
contain pigments of a lipidic nature such as
carotenoids (astaxanthin, astathin, canthaxanthin,

CHITOSAN : PROMISING FUTURE ASPECTS
Brij Mohan Singh Bisht1*, Devendra Kumar1, Buddh Prakash1 and Surendra Pal Kalia1

Chitosan has been emerged as a potential candidate among other eco-friendly natural occurring
compound now days. Researcher recently studied a variety of commercial as well as possible
bio medical application of chitosan. It can be used in agriculture as a seed treatment and bio-
pesticide, helping plants to fight off molds & other fungal infections as well as to control the
obesity and having wound healing ability. Chitosan can be used in hydrology as eco-friendly
biological adsorbents for removal of heavy metals. Insurface protection of metals, it acts as
green inhibitor.Chitosan has been proven one of the best edible and eco-friendly coatings for
different types of foods because of its peculiar characteristics.

1. INTRODUCTION

1*Chemical Division, National Test House, Ghaziabad.
1RPT Division, National Test House, Ghaziabad

Figure 1. Chemical structure of Chitosan

lutein and â-carotene). Chitins is available as a
by-product of food processing unit and usually
isolated from marine crustaceans like crab shell,
shrimps, prawns, lobsters and cray fish etc.
Chitin is extracted by acid treatment of shells
to dissolve the calcium carbonate followed by

Figure 2. Synthesis of Chitosan from chitin
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alkaline treatment to dissolve the proteins and
by a depigmentation process to removeastaxantine
pigment to obtain a colourless product1.A most
common method of synthesis of chitosan is
thede-acetylation of chitin using excess amount
of sodium hydroxide in aqueous medium.
Chitosancomposed of 2-amino-2-deoxy-D-
glucose (glucosamine) monomers, which are
linked â-1-4-glycosidically, whereas chitin is
composed of N-acetyl-glucosaminemonomers
(Figure 2).Chitin is insoluble in most organic
solvents while chitosan is readilysoluble in dilute
acidic solutions(less than pH 6.0).Themain
advantage of free amine groups lying on chitosan
chains can make possible to crosslinkedthe
polymeric networks with dicarboxylic acids to
enhance the physio mechanical properties.

AGRICULTURAL AND HORTICULTURAL
USE

In agriculture, chitosan is typically used as a
natural seed treatment and bio-fertilizers, and as
an eco-friendly bio pesticide substance that
enhance the ability of plants to protect themselves
against mold &fungal infections. Chitosan is
biodegradable product and hence its product are
allowed for use outdoors and indoors on plants
and crops grown by the end user consumers. As
a bio pesticides Chitosan elicits natural innate
defense responses within plant to resist insects,
pathogens, and soil-borne diseases when applied
to the soil2.Chitosan salt received the first ever
bio-pesticide label from the EPA, then followed
by other intellectual property applications.
Chitosan act as a catalysts and increases
photosynthesis rate, promotes plant growth,
stimulates nutrient uptake and boosts overall rate
of germination.

PROTECTION FROM MOLD & FUNGAL
INFECTION

Chitosan can also be used primarily as a
natural seed treatment and plant growth enhancer,
since it is considered an ecologically friendly bio-
pesticide substance that boosts the innate ability
of plants to protect themselves against mold and
fungal infections.Chitosan applications in plants
and crops are regulated by the EPA and USDA
National Organic Program, which regulates its
use on certified farms and crops as using organic
production system. EPA-approved, biodegradable
CS products are allowed for use outdoors and
indoors on plants and crops both grown
commercially or home grown. Microscopic
observations indicate that chitosan had a direct
effect on the morphology of chitosan treated
microorganisms reflecting its fungi-static or
fungicidal potential. In addition to a direct
antimicrobial activity, chitosan induces a series
of host defense reactions related to the enzymatic
activities of the host organism.As a nontoxic
biodegradable material, as well as an elicitor,
chitosan has the potential to become a new class
of plant protectant and assisting towards the goal
of sustainable agriculture.

Chitosan has been reported to activate more
than 20 pathogenesis genes like defensis, lignins,
ARnase, phytoalexins, chitinase and â-gluconase
and plant metabolism- related genes.Chitosan has
a significant effect on the growth and
development of various plants like rice, coffee,
wheats&strawberries3.

DRUG DELIVERY

The potential use of chitosan nanoparticles as
carriers has paved way for development of wide
variety of colloidal delivery vehicles. It can also
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deliver drugs or macromolecules by controlled
release to a target site.Several studies have been
reported regarding the ability of chitosan
nanoparticles to improve the bioavailability of
drugs, modifying its pharmacokinetics and
protecting the encapsulated drugs.Apart from
being used as an oral delivery carrier, chitosan
can also be applied to other mucous membrane
systems like nasal routes and pulmonary to deliver
peptides and proteins4.

WOUND HEALING ABILITY

Several studies have been reported on the use
of chitosan as a wound-healing accelerator, it can
beneficially influence every different stage of
wound healing5. Chitosan and its derivatives
could accelerate wound healing by enhancing the
functions of inflammatory cells, such as
polymorph nuclear leukocytes, macrophages, and
fibroblasts. The wound-healing effects of chitosan
could be affected by the factors of molecular
weight, deacetylation degree as well as the state
of chitosan.

DIETARY SUPPLEMENT CHITOSAN ON
BLOOD PRESSURE AND WEIGHT LOSS

Chitosan is a popular dietary fiber often used
to reduce fat absorption and to prevent obesity.
However, its effects on blood pressure have not
been fully proved.Dietary chitosan may help
reduce the body weight and can lower blood lipids
in both animal and human trials due to its
chemical structure.There is an urgent need to
further scientific investigation to explore the
benefits of chitosan as dietary fiber consumption
to avoid the mental disease due to over burden
of hypertension. This is emergent area of research
that warrants in present scenario.The study
revealed that chitosan could prevent the

development of hypertension in hypertensive
rats6.The current evidence suggests that daily
chitosan consumption significantly decreases
diastolic blood pressure in higher-dosage (2.4 g/
day) and shorter-term (12 weeks) interventions,
while chitosan has no significant effects on
systolic blood pressure. However, these results
are inconclusive and should be interpreted
cautiously.Study revealed that the cholesterol-
lowering properties of chitosan are due to the
hydrophobic bonds it forms with cholesterol and
other sterols, interfering with the emulsification
process. The large polymer compounds resulting
from this hydrophobic bonding are then weakly
digested and help to prevent obesity.

FILTRATION & WASTE WATER
TREATMENT

Chitosan can be used in hydrology
asecofriendly biological adsorbents for removal
of heavy metalswithout negative environmental
impacts. Chitosan agglomerate the fine
suspension or sediment particles to bind together,
and is subsequently also removes heavy metals,
coloring matters, and fatty oils from the water.

As an additive in water filtration, chitosan adsorbs
suspended particles and upon sand filtration
removes up to 99% of turbidity7.

BIODEGRADABLE ANTIMICROBIAL
FOOD PACKAGING

Microbial contamination of food products
accelerates the deterioration process and increases
the risk of foodborne illness caused by potentially
life-threatening pathogens. Ordinarily, food
contamination originates superficially, requiring
surface treatment and packaging as crucial factors
to assure food quality and safety. Biodegradable
chitosan films have a great potential for
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preserving various food items, retaining their
original shape, flavors and restrict their weight
loss due to dehydration. In addition, composite
biodegradable films containing chitosan and
antimicrobial agents are in development as safe
alternatives to preserve food products. The
antimicrobial activity may be enhanced
significantly by the incorporation of clove oil/â-
cyclodextrin in chitosan film against some deadly
bacteria and viruses such as Staphylococcus
aureus, S. epidermidis, Salmonella Typhimurium,
Escherichia coli, and Candida albicans8.

CHITOSAN AS A NOVEL EDIBLE
COATING FOR FRESH FRUITS

Recently chitosan emerged as a potential
candidate for their uses in different fields of
chemical & biological sciences as well as in food,
pharmaceutical and medical industries. Chitosan
has been proven one of the best edible and eco-
friendly coatings for different types of foods
because of its film-forming abilities, antimicrobial
actions, lack of toxicityand biodegradability.

The main benefits of edible active coatings
are to maintain the quality and extend shelf-life
of freshfruits and avoid the microbial spoilage.
Chitosan based coatings act as a defensive barrier
against fungal & bacterial contamination and loss
of moisture from the surface of food products
extend their shelf life byminimizing the rate of
evaporation thus reducing the water loss8.

CORROSION INHIBITORS

Among the various inhibitors used, chitosan
is well known animal byproduct found in the
exoskeleton of sea crustaceans. Its
biocompatibility, non-toxic nature and ease of
availability have made it a potential green
inhibitor for corrosion protection purpose.Several

researchers reported to achieve inhibition
efficiency, using chitosan as green inhibitor with
o-fumaryl-chitosan, poly (ethylene glycol) and
chitosan-poly (ethylene gylcol)/AgNPs composite
as corrosion inhibitors for carbon steel in acidic
medium9. Zheludkevich et al. used Ce ions doped
chitosan films as pre-layer reservoir of corrosion
inhibitor10.

CONCLUSION

Chitosan has emerged as a promising
biomaterial for various industrial applications
including food, pharma, paint, cosmetic, and
textile industries, due to their natural origin,
structural similarity, biocompatibility,
biodegradability, antifungal, low toxicity,
antimicrobial, and antifouling activities. It can
be used to prevent the obesity and having wound
healing ability. Biopolymer-based edible films and
coatings play a significant roleto protect the fresh
fruits and vegetables from damages or
deteriorations during storage after harvesting.
Advance technology enabling the preparation of
multifunctional chitosan-based coatings or films
could be promising to be used as packaging
materials for food applications. Chitosan-based
nano compositeshave been used for removing
dyes from textile wastewater,corrosion inhibitors
as well as in surface coating (paint industries)
for corrosion protection.
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Mucormycosis (a type of Zygormycosis) has
become a new nightmare for the depressed public
and the struggling healthcare thereby raising many
eyebrows due to its spread at an alarming pace.
Mucormycosis is an excellent example for
opportunistic mycosis, generally common among
patients with immunosuppression either due to
medical intervention or due to underlying
pathophysiological conditions. This infection is
not something new to the medical sciences but is
now getting more and more attention due to the
enormous rise in its incidence, especially amongst
patients infected with the Novel Coronavirus
(SARS-CoV-2), which causes COVID-19 disease.
It is not a matter of much concern amongst

MUCORMYCOSIS—THE RISE OF A SEEMINGLY UNCOMMON
DISEASE IN THE CONTEXT OF THE COVID 19 PANDEMIC

Sajid Ahmed R Dafedar1, M.A. Navalgund2 and Muhammed Zafar Iqbal A.N.3*

The ongoing COVID 19 pandemic has created a continuous sense of insecurity and threat to all.
It is not only affecting our health in varied dimensions, but also destroying our financial
security. It has indeed emerged as one of the greatest challenges that humanity has come across
in the last 100 years. The exponential rise in mortality and morbidity is creating havoc and
necessitates the need for creating awareness in the right approach to dispel the panic. Adding
to the already overwhelming woes is the rise of Mucormycosis. Albeit, Mucormycosis as a
fungal disease is not something new to the clinical practitioners but significantly high number
of cases are being reported on the background of the COVID 19 pandemic. Mucormycosis is
a highly invasive and relentlessly progressive infection, resulting with very high morbidity and
mortality. Early detection and proper treatment can greatly help the patients to overcome this
disease. This article addresses the basic issues related to this opportunistic infection in COVID
and NON-COVID individuals.

1.0 INTRODUCTION

1Karnataka Institute of Medical Sciences, Hubli, Karnataka
2Government First Grade College, Mundargi, Karnataka
3Government Arts & Science College, Karwar, Karnataka
Email: zafarin@gmail.com

individuals with sound immunity, as the fungi
cannot invade through their defense mechanisms.
Nonetheless, it can cause serious health-related
issues in individuals with poor immune system
or with chronic diseases such as diabetes. Early
and appropriate medical intervention is necessary
to control the progression of the disease and if
ignored it can be fatal. Even in those individuals
who survive, there are very high chances for the
development of detrimental residual issues such
as loss of vision, permanent disfigurement of face
and so on. Mucormycosis is always assumed to
be rapidly progressive but the rate of progression
is extremely variable and depends on the
individuals immune status and the type of species
involved1. Patient with severe/critical form of
SARS- COV-2 characterized by intense
inflammation and rise of serum ferritin, when
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being treated with high doses of steroids and other
immunomodulatory drugs in presence of co-
morbidities such as diabetes makes way for this
opportunistic infection to assume a rapidly
progressive stature.2,3. During COVID times,
public driven by panic resorted to self-medication
also invited undesirable health related issues. One
common medicine in use by those patients who
were at home isolations includes steroids, often
for wrong indications and in wrong doses that
can weaken their immune system. Irrational use
of steroids without medical advice is believed to
be a major contributory factor for a number of
opportunistic infections including Mucormycosis.
Steroids are a very special class of drugs finding
its use in the treatment of a large number of
diseases. Steroids also form an important part of
the management protocols of severe and critical
forms of COVID-19 and are the main lifesaving
drugs in several cases. However, their fruitful
use is only possible when taken under the
guidance of physician.

In the times of pandemic, mucormycosis is
contributing greatly to the ordeal of patients and
the exhausted medical professionals by gradually
emerging as a serious health complication
involving more and more COVID-19 patients
with each passing day. Unusually high number
of cases are being reported throughout the country
in the background of the COVID 19 pandemic
with no sign of diminution in near future. The
present article is intended to provide
comprehensive information on Mucormycosis as
a disease with detailed account of its pathogens
(Causative organism) and the strategies available
to manage it effectively. This article is aimed at
providing precise scientific information to the
readers and dispel the myths and misconceptions
buzzing around this topic.

2.0 CAUSATIVE ORGANISMS—
MUCORALES

Mucormycosis represents a group of life-
threatening infections caused by fungi of the
order Mucorales under the subphylum
Mucoromycotina1 (earlier known as the class
Zygomycetes). Mucormycosis is highly invasive
and relentlessly progressive infection, resulting
with very high morbidity and mortality rates.

The Fungi that causes Mucormycosis belongs
to the order Mucorales, which is further
classified into seven families4. All Species
belonging to these families can cause
mucormycosis with variable rates of progression.
Among the Mucorales, Rhizopus oryzae and R.
delemar are the most common, followed by
Mucor and Lichtheimia (Absidia), accounting
for 70 – 80 % of the infection, Around 1 – 5%
of the infection is caused by species such as
Saksenaea, Cunninghamella, Apophysomyces,
Rhizomucor.4

Cokeromyces, Actinomucor, and
Syncephalastrum. The rest of the infections i.e.
20 to 30 % are from unusual and less frequent
mucorale species that differ in their geographic
distribution and epidemiology5 (Table 1.0.)

3.0 OCCURRENCE OF MUCORALES
They are cosmopolitan in distribution and are

present throughout the environment especially in
decaying organic matters such as leaves, organic
composts and animals dung. Their spores are
found in great abundance even on rotting fruits
and old bread. The prevalence of mucorales is
more common in soil than in the air. Furthermore,
infections may vary with seasons; more infections
recorded in August to November than in the rest
of the months4 (pre-covid Scenario).
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4.0 PATHOGENESIS
Spores of fungi causing mucormycosis are

found ubiquitously in the environment.
Transmission can occur secondary to inhalation,
inoculation or rarely through ingestion of spores.
Spores develop into mycelial form characterised
by aseptate hyphae and are highly angio-invasive
in nature.Though Mucor infections occur
worldwide, they are almost entirely restricted to
individuals with severe immunocompromised
status either due to underlying pathological
conditions or due to induced susceptible
states2.Agents of mucormycosis require iron as
growth factor6,7. Hence, any pathophysiological
conditions associated with increased iron load
are at higher risk of developing invasive
mucormycosis. Most of the iron in the hosts is
sequestrated in the form transferrin, ferritin and

lactoferrin. Strategy of depriving the pathogens
of iron, is the main mechanism of host defence
against microbes and Mucorales in particular.
Successful pathogenesis depends on the ability
of the pathogen to obtain theiron, which is an
important element for the growth and
development.

1. Diabetic Ketoacidosis (DKA)is most
important risk factor, patients with this
medical presentation are highly susceptible
to mucormycosis. The acidotic state leads
to dissociation of iron from sequestering
proteins causing enhanced fungal survival
and virulence. Elevation of the ketoacid,
â-hydroxybutyrate in the blood increases
the expression of host and fungal receptors
that aggressively favours in fungal
adherence and penetration into tissues8,9

Table 1.0. Taxonomic status of Causative Organism for Mucormycosis

Name of the order Name of the family Important Genus

Rhizopus oryzae

Rhizopus delemar

Rhizopus microsporus
Mucoraceae

Rhizomucor

Mucor

Actinomucor

Lichtheimiaceae Lichtheimia

Mucorales Cunninghamellaceae Cunninghamella

Cokeromyces

Mortierellaceae Mortierella

Saksenaea
Saksenaceae

Apophysomyces

Syncephalastraceae Syncephalastrum
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However, even in the absence of
ketoacidosis, hyperglycemia itself directly
contributes to the risk of mucormycosis
by at least four likely mechanisms6,7 .

A. In diabetic patients, the iron-sequestering
proteins are Hyperglycated, which disrupt
normal iron sequestration, ultimately
providing an opportunity to the pathogen
to succeed over our defence mechansims10.

B. Glucose Regulated Protein 78 (GPR78) is
an important heat shock protein (HSP),
under stress disordered GPR78 is
overexpressed on the mammalian plasma
membrane. Upregulation of disordered
endothelial GPR78 paves way for the
enhanced tissue binding of fungal
pathogens. Hence, Mucorales also utilize
this as a tool to gain access into the cell

C. Chronic diabetes has been found to induce
some poorly characterized phagocytic
defects, thereby hampering the some of
the basic tenets of our defense
mechanisms.

D. Spore coat protein homolog (CotH) of
mucorales acts as a ligand for endothelial
GPR78. CotH proteins such as CotH3 and
CotH2, are over expressed in invasive
fungal infections than in noninvasive
pathogens. This explains the reason for
most of the Mucormycosis cases occurring
in diabetes even without acidosis

2. End stage renal disease (ESRD) patientson
dialysis, who are treated with iron/
aluminium chelatordeferoxamine (DFOA)
are also highly susceptible to the
mucormycosis. The bacterial siderophore,

deferoxamine predisposes the patients to
mucormycosis.Deferoxamine removes
ferric iron from transferrin followed by
quick reduction of ferric form to more
soluble ferrous form.

3. Yet another mechanism of obtaining iron
is from from the hemoglobin by the fungi,
this is especially true in Rhizopusdue to
the occurrence of two homologues of heme
oxygenase.

4. Other noteworthy risk factors and means
of pathogenesis are as follows

A. Defects in phagocytic functions (e.g.
neutropenia or steroid therapy).

B. Hematopoietic stem cell transplantation
(HSCT) and Solid organ transplants such
as kidney, cornea and liver.

C. Blood cancers such as ALL, CLL, AML,
CML and other hematologic Malignancies

D. Immunocompromised patients with AIDS

E. Individuals with Immunodeficiency
secondary to splenectomy or thymectomy

F. Acute tissue injury due to burns, trauma

G. Prematurity and low birth weight

H. Chronic debilitation (Physical weakness
leading to poor health)

I. Patients receiving antifungal prophylaxis
with either itraconazole or voriconazole

5.0 MUCORMYCOSIS AND COVID-19
DISEASE

According to the present lot of information,
experts are of the opinion that misuse of steroids,
immunomodulators are some of the most
important factor for the exponential increase in
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the number of mucormycosis cases. It has to be
well appreciated that to prevent human
exposure of an organism as ubiquitous as
mucorales is practically impossible! However,
Mucorales on themselves are too weak to cause
a full-fledged infection even in individuals with
reasonable degree of immunity. Any factor that
tends to decrease this immunity on a significant
scale exposes the patients with the above listed
risk factors in particular, to this dreaded infection.

5.1. Some of the important reasons for the
rise of infection in the ongoing

COVID 19 pandemic

1. Use of high dose steroids and
Immunomodulators

These drugs reduce immunity; steroids in
particular are known to cause
hyperglycaemia. Irrational use of all these
drugs in an already susceptible individual
like a diabetic for instance turns him/ her
into a perfect culture medium for the
growth of opportunistic infections like
Mucormycosis.

2. Higher incidence of fungal spores in Indian
hospitals add to the list of nosocomial
infections.

3. Healthcare associated outbreaks have been
linked to contamination of linens, surgical
dressings, negative pressure rooms, water
leaks, poor air filtration, non-sterile medical
devices, and defective building plans.

4. Susceptible critical COVID patients on
humidified oxygen therapy for prolonged
duration are more likely to contract the
infection

5. It is important to understand that in the
present scenario, our healthcare system has
been overwhelmingly burdened with
enormous caseloads. In these tough times,
where getting a ventilator bed or an oxygen
tubing itself is a privilege, Midst of this
unfortunately, somewhere the sterilization
of medical devices has suffered a serious
setback. This in the backdrop of reduced
immunity is paving the way for the rise of
cross contaminations and secondary
infectivity. Hence prolonged hospital stays,
especially in an ICU setting for critical
Covid disease increases the risk of
Mucormycosis.

6.0 MUCORMYCOSIS—TYPES OF
CLINICAL PRESENTATIONS

6.1 Rhino-Orbito-Cerebral mucormycosis

It is the most common clinical presentation
involving the paranasal sinuses, orbit and the
brain4. Diabetics with uncontrolled serum glucose
levels remain the most susceptible group of
individuals, although such cases are on rise even
in patients with hampered immunity as in post-
transplant scenarios or steroid induced
hyperglycaemic states8

Symptoms includes

1. Sinusitis – nasal blockade or congestion,
nasal discharge (blackish/bloody), local
pain on the cheek bone, headache and fever

2. Blurred or double vision with pain;
chemosis, proptosis,ophthalmoplegia, fever,
skin lesion; thrombosis & necrosis (eschar)
- Severe untreated cases can lead to loss of
vision.
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3. Onset of signs and symptoms in the
contralateral eye, is ominous, suggesting
the possibility of setting in of a very
dreaded complication in the form of
cavernous sinus thrombosis.

4. One sided facial pain, numbness or swelling

5. Blackish necrotic lesions either on the nasal
bridge or on the upper inside of the mouth
(hardpalate) which worsens quickly, but this
is often a late finding indicating extensive,
well-established infection.

6. Toothache, loosening of teeth, jaw
involvement etc.

6.2 Pulmonary Disease

It is the second most common manifestation,
more frequent in patients of leukaemia

 Symptoms includes

1. Dyspnea (Shortness of breath)

2. Cough chest pain, fever, pleural effusion

3. Haemoptysis (Caughing of blood from the
respiratory track below the level of larynx)

4. Worsening of respiratory symptoms.

Differentiating Mucormycosis from
Aspergillosis, another closely resembling fungal
infection is of prime importance because the
treatment of the two differs significantly.Infact,
voriconazole—the drug used to treat
aspergillosis exacerbates mucormycosis. Hence,
proper judgement based on clinical and diagnostic
evidences are very critical.

6.3 Cutaneous Disease

Involvement of skin and subcutaneous tissues
either by external implantation of the fungus or
hematogenous spread. Injuries sustained during
Road traffic accidents or natural disasters or

combat operations, insertion of contaminated
vegetation (piercing injury of thorn), use of
contaminated syringes or catheters or dressings
are some of the scenarios that can cause external
implantation of the pathogens.Cutaneous
involvement can occur even in immunocompetent
individuals but is generally localised in such
individuals. Necrotising fasciitis occurring in the
setting of Mucormycosis carries high mortality
rate of 80%

Symptoms include

1. Cutaneous mucormycosis can look like
blisters or ulcers, and the infected area may
turn black.

2. Pain, warmth, excessive redness, or
swelling around a wound.

3. Cutaneous Mucormycosis can be highly
invasive and can penetrate into the
underlying muscle, fascia and even bone.

6.4 Gastrointestinal Mucormycosis

Mucormycosis occurring in the stomach and
intestine. This condition is prevalent amongst
premature neonates but also a good number of
cases have been reported in adults with
neutropenia, steroid overuse and other immune
compromised conditions. This condition is also
common via the nosocomial route through
unhygienic drug administration.

Symptoms include

1. Non-specific abdominal pain

2. Distention associated with nausea and
vomiting

3. Gastrointestinal hemorrhage (GI bleeding)
manifesting in the form of bloody vomitus
or melena (Passing of black, tarry stools)
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4. Rarely this can lead to visceral perforation,
which carries very high mortality rates.

6.5 Disseminated Mucormycosis
Hematogenously disseminated mucormycosis

may originate from any primary site of infection
with Brain being the most common site for
dissemination. However, metastatic lesions can
involve any organ of the body. Widely
disseminated infection carries the highest rate of
mortality to the likes as high as 96%.

6.6 Miscellaneous Forms
Any organ or tissue may be randomly affected

such as bones, mediastinum, trachea, kidneys and
peritoneum (usually following peritoneal dialysis).
Even isolated infection of teeth has been reported.

7.0 DIAGNOSIS
 Early diagnosis is key for a successful therapy.

A high index of suspicion is required for diagnosis
of mucormycosis8. Following are some routine
diagnostic tests suggested

1. Imaging techniques like High-Resolution
CT (HRCT) and Gadolinium enhanced
Magnetic

Resonance Imaging (MRI) of the organs
suspected to be involved (PNS, Orbit and
Brain in  ROCM, HRCT Chest in
Pulmonary Mucormycosis). Contrast
enhanced imaging modalities have become
the most widely used diagnostic technique
in current times.

2. In view of the present scenario, a proper
medical history in presence of signs and
symptoms in susceptible patients as
identified by qualified experts should be

taken as an important functional criteria
followed by imaging modalities.

3. KOH mount, SDA culture studies often give
vital information.

4. Biopsy with histopathologic examination
remains the most sensitive and specific
modality for definitive diagnosis. These also
help in differentiating Mucorales from other
fungal infections.

5. Endoscopy and/ or surgical exploration,
with biopsy of the areas of suspected
infection.

In highly suspected cases, initiation of
Empirical therapy with a polyene antifungal agent
like Liposomal Amphotericin B should be
considered even while the diagnosis is being
confirmed because confirmatory tests usually
require some time to be processed which cannot
be afforded in a rapidly progressing disease like
Mucormycosis. However this should be strictly
controlled, guided and monitored in order to avoid
misdiagnoses, overdiagnoses as well as
underdiagnoses leading to irrational use of
therapeutic measures available.

8.0 TREATMENT
8.1 Antifungaltherapy

Primary therapy for mucormycosis should
be based on a polyene antifungal agent.

Liposomal amphotericin B (LAmB) is the
preferred drug of choice. It is preferred over non-
lipid formulations such as Amphotericin B
deoxycholate for being less nephrotoxic, higher
efficacy and increased safety coefficient at higher
doses4. It is even preferred over another lipid
formulation i.e, amphotericin B lipid complex
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(ABLC) for management of central nervous
system (CNS) infection because of better
penetration into the blood-brain barrier.

Alternatively, drugs such as Isavuconazole and
Posaconazole have been tried but with limited
and questionable benefits and hence rarely
prescribed. Infact, significant clinical data on their
use as initial therapy for mucormycosis is very
limited4.

Combination therapies involving polyenes,
azoles and Echinocandin have been tried with
varying permutations and combinations but no
clinical evidence is available to prove superiority
of combined therapy over monotherapy.

8.2 Surgical Therapy

The penetration of antifungal agents into the
site of infection is often hampered because of
thrombosis of the blood vessels and the
subsequent tissue necrosis that is characteristically
seen in Mucormycosis4. Hence, Surgical
debridement of all the necrotic tissues is critical
for eradication of disease. Surgery by itself has
found to be a very valuable independent variable
for favourable outcomes in patients infected with
Mucormycosis.

Hence, a Multi-disciplinary team approach
involving ENT Specialist, Internal Medicine
Specialist, Ophthalmologist, Neurologist,
Radiologist, Surgeon (maxillofacial/plastic),
Pulmonologist, Microbiologist, Infectious disease
specialist, Intensivist, Dentist, Biochemist is
required to combat this difficult to conquer
disease. Although mortality rate is high, an early
initiation of right therapy in aggressive manner
often provides favourable outcomes, provided the
underlying contributory factor is controlled, which

happens to be the key factor in determining the
outcome.

9.0 SPECIAL PRECAUTIONS TO BE
TAKEN IN THE BACKGROUND OF
ONGOING COVID-19 PANDEMIC

1. Hyperglycaemia is the most important risk
factor. Hence controlling blood sugar
levels is of paramount importance. Blood
glucose levels should be monitored
regularly especially in diabetics and those
on steroids

2. Steroids should be used judiciously.
Remember Steroid is a wonderful class
of drug, with a pivotal role in the
treatment of Covid, especially for severely
and critically ill patients. However,
Steroid is life-saving drug when given
by the RIGHT person at RIGHT time
for the RIGHT indication in RIGHT
dosage and for the RIGHT duration.
Hence, steroids should be administered
only when prescribed by qualified medical
professionals and not even quacks. Over
the counter sale of steroids should be
completely prohibited by strict law
enforcement. Remember self-medication
of steroids for wrong indications can make
you pay heavily.

3. Practice of unscientific approaches
pertaining to the treatment of COVID-19
should be avoided especially when
advised to be harmful by the medical
community

4. Judicious use of antibiotics, antifungals,
antimetabolites and immunomodulatory
drugs
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5. The Infection Control Units of each and
every hospital should take all the
measures possible for maintaining of
adequate sanitization meticulously

6. Sterilization of medical devices to prevent
spread. It should be understood that
sterilising each and every medical device
after every use is practically impossible
given the present shortage of these devices
and the growing case load. However
concerned officials should be keenly
looking for the possible sources of
infection and at least take necessary steps
to reduce the sources of infection

7. Use clean, sterile water for humidifiers
during oxygen support

8. Early diagnosis and initiation of treatment
for Covid-19 is a very critical step.
Because, delayed treatment increases the
risk of mortality and morbidity, including
the risk for Mucormycosis by a number
of ways.

9. Do not miss any of the warning signs and
symptoms pertaining to Mucormycosis

10. Healthcare providers are advised to
always rule out Mucormycosis in patients
with symptoms especially if the patient
happens to be diabetic / post-covid /
immunocompromised

11. Never hesitate to seek for adequate
diagnostic modalities in suspected
individuals

12. Do not lose crucial time to initiate
treatment for mucormycosis. In highly
suspected cases, treatment should be

initiated even when the diagnosis is being
confirmed (in cases of delay).

13. Adopt aggressive approach in treatment
of this notorious infection.

Last but not the least, as the saying goes
‘Prevention is better than cure’ should be the
principle motto of entire population, especially
in these tough times. Hence follow COVID
appropriate behaviour, take as much precautions
as possible, get vaccinated against SARSCoV-2
in time, consume healthy diet, VIT.C, Zinc and
VIT.D (Recommended dosages), Reduce stress
to the maximum, have adequate sleep, perform
breathing and simple cardio exercises, meditate,
stay away from fake news and unscientific
practices. All this will definitely help you boost
your immunity against the invisible enemy. More
precautions are advised especially for the
individuals coming under the risk groups as
explained earlier. Diabetics must and should keep
a check on their Blood glucose levels.
Remember, protecting ourselves from Covid -
19 and keeping our sugars under control is
the best approach to prevent Mucormycosis
in these crucial times.If anyone happens to
develop any signs and symptoms of Covid-19,
negligence can invite serious consequences. Early
initiation of treatment significantly reduces the
morbidity and mortality. Unfortunately, if
someone finds himself to be caught within the
web of the notorious Mucormycosis, seek
medical help immediately. The earlier is the
better.
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THE INDIAN SCIENCE CONGRESS ASSOCIATION
14. Dr. Biresh Guha Street, Kolkata-700 017

ISCA Best Poster Awards Programme : 2021-2022
To encourage Scientists, The Indian Science Congress Association has instituted two Best Poster
Awards in each Sections. These awards carry a sum of Rs. 5,000/- besides a Certificate of Merit.
1. Applications are invited from members (Life, Annual & Student) of the Association who have

paid their subscription on or before July 15, 2021.
2. Four copies of full length paper along with four copies of the abstract (not exceeding 100 words)

must reach the office of the General Secretary (Membership Affairs) not later than September
15, 2021. At the top of each copy of the paper and its abstract, the name of the Section under
which the paper is to be considered should be indicated. For details of Sections see http//
www.sciencecongress.nic.in/html/paper_presentations.php

3. Along with the Four copies of paper, Four copies of the Application Form (to be downloaded
from ISCA website http//www.sciencecongress.nic.in/bestyoster_awards.php) with brief bio-data
of the candidate (not exceeding 2 pages), full length paper and abstract in the form of a CD must
also be sent simultaneously along with the hard copies. (In MS Word, NOT PDF format).

4. The number of authors of each poster submitted for the award shall be limited to two only. The
first author of the poster shall be the presenting author. Both the authors should be the
members of the Association and have paid their Subscription on or before 15th July, 2021.

5. The research work should have been carried out in India and this has to be certified by the Head
of the Institution from where the candidate is applying.

6. The candidate should give an undertaking that the paper being submitted has not been published
in any journal or presented in any of her Conference/Seminar/Symposium or submitted for
consideration of any award.

7. A scientist shall submit only one poster in anyone Section (and not a second poster on the same
or any other topic in any other Section) for consideration for poster presentation award.

8. A person who has already received ISCA Best Poster Award in any section once will not be
eligible to apply for the above Award in the same or any other section.

9. Incomplete Applications will not be considered.
10. Full length papers will be evaluated by experts and maximum twenty posters in each section will

be selected for presentation during 108th Indian Science Congress.
11. The final selection for the Awards will be made by a duly constituted committee and the awards

will be given during the Valedictory Session of 108th Indian Science Congress session on
January 7, 2022.

12. Applications submitted for the above award will not be returned.
13. The last date for receiving applications for the above award at ISCA Headquarters is September

15, 2021.
All correspondences should be made to:
The General Secretary (Membership Affairs), The Indian Science Congress Association, 14, Dr. Biresh
Guha St. Kolkata-700017. Tel. Nos. (033) 2287-4530/2281-5323, Fax No. 91-33-2287-2551,
E-mail: es.sciencecongress@nic.in, aes.sciencecongress@nic.in, Website: http. www.sciencecongress.nic.in
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THE INDIAN SCIENCE CONGRESS ASSOCIATION
14, Dr. Biresh Guha Street, Kolkata-700 017
ANNOUNCEMENT FOR AWARDS : 2021–2022

Nominations / Application in prescribed forms are invited for following Awards :
Asutosh Mookerjee Memorial Award
C. V. Raman Birth Centenary Award
Srinivasa Ramanujan Birth Centenary Award
Jawaharlal Nehru Birth Centenary Awards
M. N. Saha Birth Centenary Award
P. C. Mahalanobis Birth Centenary Award
P. C. Ray Memorial Award
H. J. Bhabha Memorial Award
J. C. Bose Memorial Award
Vikram Sarabhai Memorial Award
B. P. Pal Memorial Award
M. K. Singal Memorial Award
Jawaharlal Nehru Prize
Millennium Plaques of Honour
Excellence in Science and Technology Award
R. C. Mehrotra Memorial Life Time Achievement Award
B. C. Guha Memorial Lecture
Raj Kristo Dutt Memorial Award
G. P. Chatterjee Memorial Award
Professor Hira Lal Chakravarty Award – Plant Sciences
Prof. Archana Sharma Memorial Award – Plant Sciences
Dr. V. Puri Memorial Award – Plant Sciences
Professor Umakant Sinha Memorial Award – New Biology
Dr. B. C. Deb Memorial Award for Soil/Physical Chemistry – Chemical Sciences
Prof. R. C. Shah Memorial Lecture – Chemical Sciences
Dr. B. C. Deb Memorial Award for Popularisation of Science
Prof. K. P. Rode Memorial Lecture – Earth System Sciences
Dr. (Mrs.) Gouri Ganguly Memorial Award for Young Scientist – Animal, Veterinary and Fishery Sciences
Prof. G. K. Manna Memorial Award – Animal ,Veterinary and Fishery Sciences
Prof. Sushil Kumar Mukherjee Commemoration Lecture – Agriculture and Forestry Sciences
Pran Vohra Award – Agriculture and Forestry Sciences
Prof. S. S. Katiyar Endowment Lecture – New Biology/Chemical Sciences
Prof. William Dixon West Memorial Award – Earth System Sciences

  * ISCA Fellows (FISC)
 ** Infosys Foundation – ISCA Travel Award
*** Asutosh  Mookerjee  Fellowship  (2021-2022)

***Last date 15th July, 2021, **Last date 15th November, 2021, *Last Date 10th Sept, 2021.
Last date of Receiving of Nominations / Application for other ISCA Awards and Lectures of 2021-2022
is July 31, 2021. Contact: General Secretary (Membership Affairs ), The Indian Science Congress
Association, 14, Dr. Biresh Guha Street, Kolkata-700 017, E-mail : es.sciencecongress@nic.in. For
details see: http://www.sciencecongress.nic.in/awards.php



210

Everyman’s Science Vol. LV No. 5 & 6 December-March 2020-2021

The Indian Institute of Tropical
Meteorology (IITM) is a scientific
institution based in Pune, Maharashtra,

India for expanding research in tropical Indian
Ocean of the tropics in general with special
reference to monsoon meteorology, and air-sea
interaction of South Asian climate. Its an
Autonomous Institute of the Ministry of Earth
Sciences, Government of India.
HISTORY
The  need to study the fundamental atmospheric
problems and understand the mechanism of
monsoon, weather systems and climate related
processes in the tropical region, particularly over
the monsoon region, became acute for India in

INDIAN INSTITUTE OF TROPICAL METEOROLOGY, PUNE

KNOW THY INSTITUTIONS

1950’s when the country’s post Independence
economic development program was launched.
Considering this urgent need the World
Meteorological Organization (WMO), in its Third
Congress, recommended the creation of
meteorological research and training institutes in
the tropical countries. The proposal was formally
approved by the Government of India in February
1962 as one of the schemes under its Third Five
Year Plan and finally the Institute was founded
as the Institute of Tropical Meteorology (ITM)
on 17 November, 1962 at Pune (the then Poona),
as a distinct unit of the India Meteorological
Department (IMD). Consequent upon the
recommendation of the Committee for
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Organization of Scientific Research (COSR)
appointed by the Government of India the Institute
was transformed into an autonomous organization
on 1st April 1971 under the name Indian Institute
of Tropical Meteorology (IITM). 
In the initial years, along with the IMD, the
Institute functioned under the Ministry of Tourism
and Civil Aviation, but later in 1985, it was
brought under the Department of Science and
Technology (DST) of the Ministry of Science &
Technology and now, with effect from 12 July
2006 the IITM has been under the administrative
control of the specially formed Ministry of Earth
Sciences (MoES). 
Since its inception the Institute was functioning
in Ramdurg House, one of the buildings of the
IMD at Shivaji Nagar and at a few places on
rental basis in Pune till IITM has its own building
at Pashan. The campus at Pashan was developed
in phased manner and some of the Divisions
started functioning there from 1982 and the whole
Institute from 1989.
IITM is a premiere research Institute to generate
scientific knowledge in the field of meteorology
and atmospheric sciences that has potential
application in various fields such as agriculture,
economics, health, water resources,
transportation, communications, etc. It function
as a national centre for basic and applied research
in monsoon meteorology.
The Institute has a pride of place in the career of
many eminent scientists, globally known for their
contributions in Meteorology and Atmospheric
Sciences. Prominent amongst them are  late  Prof.
P.R.  Pisharory,   late   Prof. R. Ananthakrishnan,
late Prof. G.C. Asnani,  Dr. R.P. Sarkar,  Shri D.R.
Sikka,  Prof.  R.N. Keshavamurty,  Dr. R.R.
Kelkar,  Prof. Jagdish Shukla,  Prof.  Sulochana
Gadgil, Prof. B.N. Goswami, Dr. M. Rajeevanetc.

VISION
“To Make IITM a World Centre of Excellence in
Basic Research on the Ocean-Atmosphere
Climate System required for improvement of
Weather and   Climate Forecasts”

MISSION

• To develop outstanding research talent capable
of understanding and exploring  enlightened
and effective Atmospheric sciences.

• To further the advancement of Research in
Ocean-Atmosphere by undertaking relevant
scientific programmes.

• To collaborate with other similar research
institutions, in the development and
application of climate study.

ACADEMICS
The institute offers a M.Sc., M.Tech. and Ph.D.
courses jointly under the aegis of the Department
of Atmospheric and Space Sciences, University
of Pune. Apart from degree-courses, students can
also apply for summer or master’s thesis projects
to individual scientists based on their research
match and carry out their research projects with
them.

COMPUTATIONAL FACILITY
Adithya HPC, one of the largest computational
capacities of India, is located at IITM. It is a
common facility for all MoES institutions.

Pratyush or Prathyush (Hindi: ¬̋àÿÍ·, meaning “first
light on the sky before rising the Sun”) is a
supercomputer designed and developed by IITM,
Pune. As of January 2018, Pratyush is the fastest
supercomputer in India, with a maximum speed
of 6.8 petaflops.

The system was inaugurated by Dr. Harsh
Vardhan, Union Minister for science and
technology, on 8 January 2018.
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Pratyush consists of two High-Performance
Computing (HPC) units. They are located at two
government institutes: 4.0 petaflops unit at IITM,
Pune; and 2.8 petaflops unit at the National Centre
for Medium-Range Weather Forecasting
(NCMRWF), Noida. Pratyush uses both units and
provides a combined output of 6.8 Peta Flops.

Pratyush is used in the fields of weather
forecasting and climate monitoring in India. It
helps the country to make better forecasts in terms
of monsoon; fishing; air quality; extreme events
like a tsunami, cyclones, earthquakes, and
lightning; and other natural calamities such as
floods and droughts.
India is the fourth country in the world to have
a High-Performance Computing facility dedicated
to weather and climate research, after Japan, the
United States and the United Kingdom.

PROJECTS:
 Different projects are running by IITM, Pune.
These are Center for Climate Change Research,
Monsoon Mission, Physics and Dynamics of
Tropical Clouds (PDTC), Metropolitan Air
Quality and Weather Forecasting Services, Short
Term Climate Variability and Prediction, National
Facility for Airborne Research (NFAR),
Development of Skilled Manpower in Earth
System Sciences (DESK), High Performance
Computing System.

Products: Various important products have been
launched by IITM, Pune, few of these are :
SAFAR-India (System of Air Quality and
Weather Forecasting And Research):SAFAR
envisages a research based management system
where strategies of air pollution mitigation go
hand in hand with nation’s economic development
to target a win-win scenario.Through SAFAR one
can know the City Air Quality - Over all city
pollution and Location specific Air Quality - A
relative contribution of different environments in
a city. Others are : Short range Ensemble
Prediction System, Seasonal Prediction System,
Extended Range Prediction, Climate Data Portal,
ENVIS Data Center, Air Quality Early Warning
System.

Contact: Indian Institute of Tropical Meteorology
(IITM)
Dr. Homi Bhabha Road, Pashan, Pune-411008
Tel: +91(020)25904200
Fax:  +91(020)25865142

Director:

Dr. R. Krishnan
Designation:Scientist G
Phone: +91-(0)20-25904301
Fax:+91-(0)20-25865142
Email ID: krish[at]tropmet[dot]res[dot]in
Website
https://www.tropmet.res.in/
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CONFERENCES/MEETINGS/SYMPOSIA/SEMINARS

1. 1253rd INTERNATIONAL CONFERENCE ON NANOSCIENCE,
NANOTECHNOLOGY AND ADVANCED MATERIALS (IC2NM), 1st - 2nd APRIL,
2022, KUALA LUMPUR, MALAYSIA

The Academics World 1253rd International Conference on Nanoscience, Nanotechnology and Advanced
Materials (IC2NM) aims to bring together leading academic scientists, researchers and research scholars
to exchange and share their experiences and research results about all aspects of Nanoscience,
Nanotechnology and Advanced Materials. It also provides the premier interdisciplinary forum for
researchers, practitioners and educators to present and discuss the most recent innovations, trends, and
concerns, practical challenges encountered and the solutions adopted in the fields of Nanoscience,
Nanotechnology and Advanced Materials.

Conference Website link page:
http://academicsworld.org/Conference2022/Malaysia/3/IC2NM/

2. 1257th INTERNATIONAL CONFERENCE ON APPLIED PHYSICS AND
MATHEMATICS (ICAPM), 4th-5th APRIL, 2022, FRANKFURT, GERMANY

The key intention of ICAPM is to provide opportunity for the global participants to share their ideas
and experience in person with their peers expected to join from different parts on the world. In addition
this gathering will help the delegates to establish research or business relations as well as to find
international linkage for future collaborations in their career path. We hope that ICAPM outcome will
lead to significant contributions to the knowledge base in these up-to-date scientific fields in scope.

Conference Website link page:
http://researchworld.org/Conference2022/Germany/4/ICAPM/

3. INTERNATIONAL CONFERENCE ON FOOD TECHNOLOGY, AGRICULTURE
AND FISHERIES (ICFTAF),18th APRIL 2022, DELHI, INDIA

The ICFTAF conference is an international forum for the presentation of technological advances and
research results in the fields of Food Technology, Agriculture and Fisheries. The conference will bring
together leading researchers, engineers and scientists in the domain of interest from around the world.
We warmly welcome previous and prospected authors submit your new research papers to ICFTAF, and
share the valuable experiences with the scientist and scholars around the world.

Conference Website link page:
http://scienceplus.us/Conference/19789/ICFTAF/
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4. SECOND INTERNATIONAL CONFERENCE ON ADVANCES IN ELECTRICAL,
COMPUTING, COMMUNICATIONS AND SUSTAINABLE TECHNOLOGIES
(ICAECT 2022), INDIA 21 – 22, APRIL 2022, SHRI SHANKARACHARIYA
TECHNICAL CAMPUS (SSTC), BHILAI, CHHATTISGARH.

The ICAECT 2022 aims to offer a great opportunity to bring together professors, researchers and
scholars around the globe a great platform to deliver the latest innovative research results and the most
recent developments and trends in Electrical, Electronics and Computer Engineering and Technology
fields. The conference will feature invited talks from eminent personalities all around the world, pre-
conference tutorial/workshops and referred paper presentations. The vision of ICAECT 2022 is to
promote foster communication among researchers and practitioners working in a wide variety of the
above areas in Engineering and Technology.The Proceedings of ICAECT 2022 will be forwarded to
IEEE for publication in it’s prestigious IEEE Xplore digital library.

Conference Website link page:
http://icaect.com/

5. INTERNATIONAL CONFERENCE ON ATHLETIC MEDICINE, PHYSICAL
EXERCISE AND HEALTH SCIENCES, MAY 05-06, 2022, SINGAPORE

International Conference on Athletic Medicine, Physical Exercise and Health Sciences aims to
bring together leading academic scientists, researchers and research scholars to exchange and share
their experiences and research results on all aspects of Athletic Medicine, Physical Exercise and Health
Sciences. It also provides a premier interdisciplinary platform for researchers, practitioners and educators
to present and discuss the most recent innovations, trends, and concerns as well as practical challenges
encountered and solutions adopted in the fields of Athletic Medicine, Physical Exercise and Health
Sciences.

Conference Website link page:
https://waset.org/athletic-medicine-physical-exercise-and-health-sciences-conference-in-may-2022-in-
singapore

6. INTERNATIONAL CONFERENCE ON ADVANCES IN BIOENERGY
CONVERSION TECHNOLOGIES, JUNE 10-11, 2023, TOKYO, JAPAN

International Conference on Advances in Bioenergy Conversion Technologies aims to bring together
leading academic scientists, researchers and research scholars to exchange and share their experiences
and research results on all aspects of Advances in Bioenergy Conversion Technologies. It also provides
a premier interdisciplinary platform for researchers, practitioners and educators to present and discuss
the most recent innovations, trends, and concerns as well as practical challenges encountered and
solutions adopted in the fields of Advances in Bioenergy Conversion Technologies.

Conference Website link page:
https://waset.org/advances-in-bioenergy-conversion-technologies-conference-in-june-2023-in-tokyo
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S&T ACROSS THE WORLD
A SPACECRAFT HAS ‘TOUCHED’ THE
SUN FOR THE FIRST TIME NASA’S
PARKER SOLAR PROBE REACHED
THE SUN’S EXTENDED SOLAR
ATMOSPHERE, KNOWN AS THE
CORONA, AND SPENT FIVE HOURS
THERE. THE SPACECRAFT IS THE
FIRST TO ENTER THE OUTER
BOUNDARIES OF OUR SUN

The probe made the first direct observations of
what lies within the sun’s atmosphere, measuring
phenomena previously only estimated.

The sun’s outer edge begins at the Alfvén critical
surface: the point below which the sun and its
gravitational and magnetic forces directly control
the solar wind. Many scientists think that sudden
reverses in the sun’s magnetic field, called
switchbacks, emerge from this area.

In 2018, NASA launched Parker Solar Probe with
the goal of finally reaching the sun’s corona and
making humanity’s first visit to a star.

This past April, the probe spent five hours below
the Alfvén critical surface in direct contact with
the sun’s plasma. Below that surface, the pressure
and energy of the sun’s magnetic field was
stronger than the pressure and energy of the
particles. The spacecraft passed above and below
the surface three separate times during its
encounter. This is the first time a spacecraft has
entered the solar corona and touched the
atmosphere of the sun.

Surprisingly, the researchers discovered that the
Alfvén critical surface is wrinkled. The data

suggest that the largest and most distant wrinkle
of the surface was produced by a pseudostreamer
— a large magnetic structure more than 40
degrees across, found back on the innermost
visible face of the sun. It is not currently known
why a pseudostreamer would push the Alfvén
critical surface away from the sun.

Researchers noticed far fewer switchbacks below
the Alfvén critical surface than above it. The
finding could mean that switchbacks do not form
within the corona. Alternatively, low rates of
magnetic reconnection on the sun’s surface could
have pumped less mass into the observed wind
stream, resulting in fewer switchbacks.

The probe also recorded some evidence of a
potential power boost just inside the corona,
which may point to unknown physics affecting
heating and dissipation.

“We have been observing the sun and its corona
for decades, and we know there is interesting
physics going on there to heat and accelerate the
solar wind plasma. Still, we cannot tell precisely
what that physics is,” said Nour E. Raouafi, the
Parker Solar Probe Project Scientist at JHU/APL.
“With Parker Solar Probe now flying into the
magnetically-dominated corona, we will get the
long-awaited insights into the inner workings of
this mysterious region.”

The observations took place during Parker Solar
Probe’s eighth encounter with the sun. All data is
publicly available in the NASA PSP archive.
Several previous studies predicted the probe
would first pass within the sun’s boundaries in
2021.

The fastest known object built by humans, Parker
Solar Probe has made many new discoveries since
its launch, including on explosions that create
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space weather and the dangers of super-speedy
dust.

The new findings suggest that direct observations
by spacecraft have much to illuminate about the
physics of coronal heating and solar wind
formation. Having achieved its goal of touching
the sun, Parker Solar Probe will now descend
even deeper into the sun’s atmosphere and linger
for longer periods of time.

According to Gary Zank, a coinvestigator on the
probe’s Solar Wind Electrons Alphas and Protons
(SWEAP) instrument and a member of the
National Academy of Sciences, “It is hard to
overstate the significance of both the event and
the observations made by Parker Solar Probe.
For over 50 years, since the dawn of the space
age, the heliospheric community has grappled
with the unanswered problem of how the solar
corona is heated to well over a million degrees
to drive the solar wind. The first measurements
of the sub-Alfvénic solar wind may represent the
most major step forward in understanding the
physics behind the acceleration of the solar wind
since the formative model by Parker.”

“This event is what many heliophysicists have
dreamed about for most of their careers!” Zank
added.

The results, published in Physical Review Letters,
were announced in a press conference at the
American Geophysical Union Fall Meeting 2021
on December 14.

Source: American Physical Society. (2021,
December 14). A spacecraft has ‘touched’ the
sun for the first time. ScienceDaily. Retrieved
January 4, 2022 from www.sciencedaily.com/
releases/2021/12/211214134947.htm

RESEARCHERS FEAR GROWING
COVID VACCINE HESITANCY IN
DEVELOPING NATIONS

COVID-19 vaccine hesitancy has long been
recognized as a problem in high- and middle-
income nations. But in some of the world’s
poorest countries, lack of access to vaccines has
been a much bigger hurdle. Now researchers say
that as doses are trickling in, resistance to getting
vaccinated is also emerging as a major issue in
those nations.

Scientists fear that persistent pools of
unvaccinated people around the world will present
a greater risk for the emergence of new variants
of concern, such as Omicron. “When you have a
lot of community transmission, that’s where
variants will emerge,” says Jeffrey Lazarus, a
global health researcher at the Barcelona Institute
for Global Health, Spain. Addressing people’s
hesitancy is therefore crucial, to curb viral spread
and to avert hospitalizations and deaths, he says.

Scientists report that hesitancy might now be
contributing to the slow uptake of vaccines in
some nations where large proportions of the
populations remain unvaccinated. These include
South Africa — one of the nations where Omicron
was first detected — Tanzania, the Democratic
Republic of the Congo (DRC), Papua New
Guinea and Nepal.

“We have more hesitant people in the global south
than we ever thought we did,” says Rupali
Limaye, a behavioural scientist at Johns Hopkins
Bloomberg School of Public Health in Baltimore,
Maryland. Although in many countries, limited
supply is still the main problem, say researchers.

Until late October, the problem in many African
nations “was that we just didn’t have enough
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doses”, says Salim Abdool Karim, director of the
Centre for the AIDS Programme of Research in
South Africa (CAPRISA) in Durban. “But we
now have adequate amounts of vaccines in most
countries,” he says. According to the Africa
Centres for Disease Control and Prevention, just
64% of the vaccines supplied to the continent
have so far been administered.

In South Africa, for example, the number of doses
administered each week has fallen to less than
one-quarter of doses given at the peak of the
vaccination drive in September. This is despite
only 44% of adults having been vaccinated with
at least one dose.

The calls on social media for more doses from
Western countries are perplexing, says Espoir
Malembaka, an epidemiologist at the Johns
Hopkins Bloomberg School of Public Health, who
is based in Bukavu, DRC. Four types of vaccine
are now available in eastern DRC, “but we don’t
see people really in a rush to get the vaccine”,
except for travellers getting ready to board flights,
says Malembaka. He believes that the problem is
not access to, but mistrust of, the vaccines.

Researchers say that countries might be struggling
to get vaccines into arms for many reasons —
some of which have nothing to with hesitancy —
including poorly funded health-care systems, the
fact that doses are often close to their expiry
dates and logistical issues getting vaccines to
remote regions. But people’s delay or refusal to
get vaccinated is also part of the puzzle.

Studies have attempted to estimate the extent of
hesitancy worldwide. One survey1 of nearly
45,000 participants in 12 countries — conducted
before COVID-19 vaccines started being rolled
out, and published in July — found that hesitancy

was lower in the 10 low- and middle-income
nations than in Russia and the United States. But
researchers say that the situation has changed
throughout the pandemic. In Nepal, for example,
where the study found acceptance was highest
(97%), the pace of vaccination has slowed, despite
only 40% of adults having received one dose.

Another survey2 of almost 27,000 people in 32
countries conducted from October to December
2020 found that people’s intentions varied
considerably, with high levels of hesitancy in
some developing nations. At the extreme, 43%
of respondents in Lebanon said they definitely
would not be vaccinated.

Another survey of a few thousand people
observed even lower acceptance in Papua New
Guinea, where only 3% of people have been
vaccinated. Researchers found that more than
80% were not planning on getting vaccinated or
were uncertain.

Some reasons for hesitancy are shared globally,
but there are also local differences. A major
concern is safety, especially because the vaccines
were developed and delivered rapidly and the
recommendations for their use have often
changed, say researchers.

Trust in governments is a related concern. The
32-country survey found that a belief that a
government was handling the pandemic well was
associated with higher acceptance of vaccines.
Another analysis3 found that increased trust in
medical and scientific authorities made people
more likely to agree to vaccination.

The spread of inaccurate information has also
hampered roll-outs in some developing nations.
“Misinformation in many places is outpacing
evidence-based information,” says Limaye.
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The long wait for doses could have encouraged
hesitancy, adds Kaushik Ramaiya, a physician-
researcher and chief executive of Shree Hindu
Mandal Hospital in Dar es Salaam, Tanzania.
People start to wonder if they even need to be
vaccinated if they have so far avoided becoming
infected, says Ramaiya.

There are ways to overcome hesitancy, say
researchers. Abdool Karim argues that South
Africa has hit the point at which people need
incentives or even government mandates to get
vaccinated.

In a recent unpublished survey of people in a
number of countries, Lazarus and his colleagues
found that mandates — such as requiring
vaccination to travel by air or attend a workplace
— could help to sway decisions. It found that,
among people who were hesitant about COVID-
19 vaccines, one-third said they would get
vaccinated if they had to so that they could travel
internationally.

Source: https://www.nature.com/articles/d41586-
021-03830-7

NANO-CHOCOLATES THAT STORE
HYDROGEN

An innovative approach could turn nanoparticles
into simple reservoirs for storing hydrogen. The
highly volatile gas is considered a promising
energy carrier for the future, which could provide
climate-friendly fuels for airplanes, ships and
lorries, for example, as well as allowing climate-
friendly steel and cement production —
depending on how the hydrogen gas is generated.
However, storing hydrogen is costly: either the
gas has to be kept in pressurised tanks, at up to
700 bar, or it must be liquified, which means

cooling it down to minus 253 degrees Celsius.
Both procedures consume additional energy.

A team led by DESY’s Andreas Stierle has laid
the foundations for an alternative method: storing
hydrogen in tiny nanoparticles made of the
precious metal palladium, just 1.2 nanometres in
diameter. The fact that palladium can absorb
hydrogen like a sponge has been known for some
time. “However, until now getting the hydrogen
out of the material again has posed a problem,”
Stierle explains. “That’s why we are trying
palladium particles that are only about one
nanometre across.” A nanometre is a millionth of
a millimetre.

To ensure that the tiny particles are sufficiently
sturdy, they are stabilised by a core made of the
rare precious metal iridium. In addition, they are
attached to a graphene support, an extremely thin
layer of carbon. “We are able to attach the
palladium particles to the graphene at intervals
of just two and a half nanometres,” reports Stierle,
who is the head of the DESY NanoLab. “This
results in a regular, periodic structure.” The team,
which also includes researchers from the
Universities of Cologne and Hamburg, published
its findings in the American Chemical Society
(ACS) journal ACS Nano.

DESY’s X-ray source PETRA III was used to
observe what happens when the palladium
particles come into contact with hydrogen:
essentially, the hydrogen sticks to the
nanoparticles’ surfaces, with hardly any of it
penetrating inside. The nanoparticles can be
pictured as resembling chocolates: an iridium nut
at the centre, enveloped in a layer of palladium,
rather than marzipan, and chocolate-coated on
the outside by the hydrogen. All it takes to recover
the stored hydrogen is for a small amount of heat
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to be added; the hydrogen is rapidly released from
the surface of the particles, because the gas
molecules don’t have to push their way out from
inside the cluster.

“Next, we want to find out what storage densities
can be achieved using this new method,” says
Stierle. However, some challenges still need to
be overcome before proceeding to practical
applications. For example, other forms of carbon
structures might be a more suitable carrier than
graphene — the experts are considering using
carbon sponges, containing tiny pores. Substantial
amounts of the palladium nanoparticles should
fit inside these.
Source:
Deutsches Elektronen-Synchrotron DESY. (2021,
December 27). ‘Nano-chocolates’ that store
hydrogen: Innovative ideas for the energy carrier
of the future. Science Daily. Retrieved January 4,
2022 from www.sciencedaily.com/releases/2021/
12/211227154330.htm

HOW ELECTRIC VEHICLES OFFERED
HOPE AS CLIMATE CHALLENGES
GREW

The world needs to dramatically reduce its
greenhouse gas emissions, and fast, if there’s any
hope of preventing worse and more frequent
extreme weather events. That means shifting to
renewable sources of energy — and, importantly,
decarbonizing transportation, a sector that is now
responsible for about a quarter of the world’s
carbon dioxide emissions.

But the path to that cleaner future is daunting,
clogged with political and societal roadblocks,
as well as scientific obstacles. Perhaps that’s one
reason why the electric vehicle — already on the
road, already navigating many of these roadblocks

— swerved so dramatically into the climate
solutions spotlight in 2021.

Just a few years ago, many automakers thought
electric vehicles, or EVs, might be a passing fad,
says Gil Tal, director of the Plug-in Hybrid &
Electric Vehicle Research Center at the University
of California, Davis. “It’s now clear to everyone
that [EVs are] here to stay.”

Globally, EV sales surged in the first half of 2021,
increasing by 160 percent compared with the
previous year. Even in 2020 — when most car
sales were down due to the COVID-19 pandemic
— EV sales were up 46 percent relative to 2019.
Meanwhile, automakers from General Motors to
Volkswagen to Nissan have outlined plans to
launch new EV models over the next decade:
GM pledged to go all-electric by 2035, Honda
by 2040. Ford introduced electric versions of its
iconic Mustang and F-150 pickup truck.

Consumer demand for EVs isn’t actually driving
the surge in sales, Tal says. The real engine is a
change in supply due to government policies
pushing automakers to boost their EV production.
The European Union’s toughened CO2 emissions
laws for the auto industry went into effect in
2021, and automakers have already bumped up
new EV production in the region. China mandated
in 2020 that EVs make up 40 percent of new car
sales by 2030. Costa Rica has set official phase-
out targets for internal combustion engines.

In the United States, where transportation has
officially supplanted power generation as the top
greenhouse gas–emitting sector, President Joe
Biden’s administration set a goal this year of
having 50 percent of new U.S. vehicle sales be
electric — both plug-in hybrid and all-electric
— by 2030. That’s a steep rise over EVs’ roughly
2.5 percent share of new cars sold in the United
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States today. In September, California announced
that by 2035 all new cars and passenger trucks
sold in the state must be zero-emission.

There are concrete signs that automakers are truly
committing to EVs. In September, Ford
announced plans to build two new complexes in
Tennessee and Kentucky to produce electric
trucks and batteries. Climate change–related
energy crises, such as the February failure of
Texas’ power system, may also boost interest in
EVs, Ford CEO Jim Farley said September 28
on the podcast Columbia Energy Exchange.

Although the EV market is growing fast, it’s still
not fast enough to meet the Paris Agreement
goals, the International Energy Agency reported
this year. For the world to reach net-zero
emissions by 2050 — when carbon emissions
added to the atmosphere are balanced by carbon
removal — EVs would need to climb from the
current 5 percent of global car sales to 60 percent
by 2030, the agency found.

As for the United States, even if the Biden
administration’s plan for EVs comes to fruition,
the country’s transportation sector will still fall
short of its emissions targets, researchers reported
in 2020 in Nature Climate Change. To hit those
targets, electric cars would need to make up 90
percent of new U.S. car sales by 2050 — or
people would need to drive a lot less.

And to truly supplant fossil fuel vehicles, electric
options need to meet several benchmarks. Prices
for new and used EVs must come down. Charging
stations must be available and affordable to all,
including people who don’t live in homes where
they can plug in. And battery ranges must be
extended. Average ranges have been improving.
Just five or so years ago, cars needed a recharge
after about 100 miles; today the average is about

250 miles, roughly the distance from Washington,
D.C., to New York City. But limited ranges and
too few charging stations remain a sticking point.

Today’s batteries also require metals that are
scarce, difficult to access or produced in mining
operations rife with serious human rights issues.
Although there, too, solutions may be on the
horizon, including finding ways to recycle
batteries to alleviate materials shortages.

EVs on their own are nowhere near enough to
forestall the worst effects of climate change. But
it won’t be possible to slow global warming
without them.

And in a year with a lot of grim climate news —
both devastating extreme events and maddeningly
stalled political action — EVs offered one
glimmer of hope.

Source: https://www.sciencenews.org/article/
electric-vehicles-cars-climate-change-challenges-
2021

BIZARRE SCIENCE STORIES OF 2021

Fusion of the future

Hopes for making nuclear fusion the clean energy
source of the future got a boost in August when
a fusion experiment released 1.3 million joules
of energy .A big hurdle for fusion energy has been
achieving ignition — the point when a fusion
reaction produces more energy than required to
trigger it. The test released about 70 percent of
the energy used to set off the reaction, the closest
yet to the break-even milestone.

Pig-to-human kidney transplant

In a first, a pig kidney was attached to a human,
and the organ functioned normally during 54
hours of monitoring.This successful surgical
experiment marks a milestone toward true animal-
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to-human transplants, which would broaden the
supply of lifesaving organs for people in need.
Death stars
In a bone-chilling event, astronomers caught a
star swallowing a nearby black hole, or perhaps
a neutron star, and then getting eaten by its own
meal. The resulting spectacular explosion left
behind a black hole .Astronomers had theorized
that such a star-eat-star supernova was possible,
but had never observed one.

Living machines
Frog cells transformed themselves into tiny living
robots Scientists removed skin stem cells from
frog embryos and watched the cells organize into
little blobs dubbed “xenobots” that could swim
around and even repair themselves, plus move
particles in the environment. Xenobots might
someday serve a useful purpose, such as cleaning
up waterways, the scientists say.
Source: https://www.sciencenews.org/article/
science-stories-2021-favorite-cool-funny-bizarre

YEARENDER 2021: FIRST MALARIA
VACCINE A MAJOR MILESTONE AMID
COVID GLOOM

In October, the World Health Organisation
(WHO) recommended the widespread use of the
RTS,S/AS01 (RTS,S) malaria vaccine among
children in sub-Saharan Africa and in other
regions with moderate to high P. falciparum
malaria transmission. Known by its brand name
Mosquirix, the recombinant protein vaccine was
found to prevent 39 per cent cases of malaria, 29
per cent cases of severe malaria and also reduced
the overall hospital admissions.According to
WHO’s World malaria report 2021, globally, there
were about 241 million malaria cases in 2020
and six countries – Nigeria, Democratic Republic

of Congo, Uganda, Mozambique, Angola and
Burkina Faso – accounted for about 55 per cent
of all cases.
The WHO South-East Asia Region accounted for
about 2 per cent of the burden and India
accounted for 83 per cent of cases in the region.
Despite this high burden, WHO says that India
has shown a remarkable reduction in reported
malaria cases and deaths.

The World malaria report 2021 adds that globally,
malaria deaths have reduced steadily over the
years – from 896000 in 2000 to 558000 in 2019.
However, due to service disruptions during
the COVID-19 pandemic, 2020 saw an increase
in malaria deaths – 12 per cent rise compared
with 2019.
Globally, 40 countries and territories have now
been granted a malaria-free certification from
WHO – including, most recently, China, El
Salvador, Argentina and Uzbekistan.

When an infected female Anopheles mosquito
bites a person, it injects Plasmodium parasites
into our bloodstream. The parasite – in the form
of sporozoites – quickly enters the liver and
multiplies over 7 to 10 days and becomes
merozoites. They are released from the liver cells
and once in the bloodstream invade red blood
cells and cause fever and other symptoms.
Malaria vaccines are classified based on which
parasite developmental stage they target. The
RTS,S vaccine targets the circumsporozoite
protein on the sporozoite surface and prevents
the parasites from infecting the liver cells.
To develop the new vaccine, two protein
components of the parasite were expressed in
genetically engineered Saccharomyces cerevisiae
yeast cells and formulated using an adjuvant. An
adjuvant helps create a stronger immune response.
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Why was it difficult to develop a malaria
vaccine?
The US CDC explains: “The development of a
malaria vaccine has faced several obstacles: the
lack of a traditional market, few developers, and
the technical complexity of developing any
vaccine against a parasite. Malaria parasites have
a complex life cycle, and there is a poor
understanding of the complex immune response
to malaria infection. Malaria parasites are also
genetically complex, producing thousands of
potential antigens.”
It adds that unlike the many diseases for which
we have vaccines, the exposure to malaria

parasites does not confer lifelong protection. The
acquired immunity can only protect partially and
people can still become infected with the parasite.
Sometimes, the infection can also persist for
months without any symptoms.

A recent editorial in The Lancet notes that the
success of this new RTS,S vaccine is the
culmination of generations of scientific ingenuity,
three decades of research and development, and
close collaboration within African communities.

Source: https://indianexpress.com/article/
technology/science/yearender-2021-first-malaria-
vaccine-milestone-7700400/
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÷Ê⁄UÃËÿ ÁflôÊÊŸ ∑§Ê¢ª˝‚ ‚¢SÕÊ
14, «UÊÚ0 Á’⁄U‡Ê ªÈ„UÊ S≈˛UË≈U, ∑§Ù‹∑§ÊÃÊ–700 017, ÷Ê⁄Ã

‚ŒSÿÃÊ ∑§Ë ‡ÊÃZ •ı⁄ ‚ŒSÿÊ¢ ∑§Ë Áfl‡Ê·ÊÁœ∑§Ê⁄ :

‚¢SÕÊ ∑§Ë ‚ŒSÿÃÊ ©Ÿ ‚÷Ë ‹ÊªÊ¢ ∑§ Á‹∞ πÈ‹Ë „Ò¢, ¡Ê SŸÊÃ∑§ ÿÊ ©‚∑§ ‚◊ÊŸ SÃ⁄ ¬⁄ ‡ÊÒˇÊÁáÊ∑§ ÿÊÇÿÃÊ •¡¸Ÿ ∑§⁄
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1. flÊÁ·¸∑§ ‚ŒSÿ — ¡Ê √ÿÁÄÃ Ÿÿ M§¬ ‚ flÊÁ·¸∑§ ‚ŒSÿÃÊ ª˝„áÊ ∑§⁄ŸÊ øÊ„ÃÊ „Ò ©‚ flÊÁ·¸∑§ ‚ŒSÿÃÊ ‡ÊÈÀ∑§
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ŒÍ⁄÷Ê· : (033) 2287-4530, 2281-5323
»Ò§Ä‚ : 91-33-2287-2551
fl’‚Êß≈ : http://sciencecongress.nic.in
ß¸-◊‹ : es.sciencecongress@nic.in



5. ‚¢SÕÊŸ ‚ŒSÿ — ∞∑§ ‚¢SÕÊŸ ¡Ê  5,000/- ‚ŒSÿÃÊ ‡ÊÈÀ∑§ ∑§ M§¬ ◊¢ Œ fl„Ë ‚¢SÕÊ ∑§ ‚¢SÕÊŸ ‚ŒSÿ
©‚ ÁflûÊËÿ fl·¸ ∑§ Á‹∞ ’Ÿ ‚∑§ÃÊ „Ò, (ÁflŒÁ‡ÊÿÊ¢ ∑§ Á‹∞ U.S. $ 2,500)– ß‚◊¢ fl„ ÁflôÊÊŸ ∑§Ê¢ª˝‚ ∑§
flÊÁ·¸∑§ ‚òÊ ◊¢ •¬Ÿ ∞∑§ √ÿÁÄÃ ∑§Ê ŸÊ◊ ŸÊ◊Ê¢Á∑§Ã ∑§⁄ ‚∑§ÃÊ „Ò¢, ¡Ê ©Ÿ∑§Ê ¬˝ÁÃÁŸÁœ „Ê¢– ∞∑§ ‚¢SÕÊŸ ‚ŒSÿ
∑§Ê flÊÁ·¸∑§ ÁflôÊÊŸ ∑§Ê¢ª˝‚ ‚òÊ ∑§Ë ∑§Êÿ¸Áflfl⁄áÊ ∑§Ë ∞∑§ ¬ÍáÊ¸ ¬˝ÁÃ Á’ŸÊ ◊ÍÀÿ ◊¢ ¬˝ÊåÃ „Ê ‚∑§ÃË „Ò– ß‚‚ ‚ÊÕ
fl ‚¢SÕÊ ∑§ ⁄Ê¡∏ŸÊ◊øÊ ““∞fl⁄Ë◊Òã‚ ‚Êß¢‚”” ∑§Ë ¬˝ÁÃ ÷Ë Á’ŸÊ ◊ÍÀÿ ¬˝ÊåÃ ∑§⁄ ‚∑§Ã „Ò¢–

6. ŒÊÃÊ — ∑§Êß¸ ÷Ë √ÿÁÄÃ ¡Ê ∞∑§‚ÊÕ  10,000/- (ÁflŒÁ‡ÊÿÊ¢ ∑§ Á‹∞ U.S. $ 5,000) ◊ÊòÊ Œ¢, fl„ ‚¢SÕÊ
∑§ ŒÊÃÊ ’Ÿ ‚∑§Ã „Ò¢– ∞∑§ √ÿÁÄÃªÃ ŒÊÃÊ ∑§Ê fl„ ‚Ê⁄ •Áœ∑§Ê⁄ •ı⁄ Áfl‡Ê·ÊÁœ∑§Ê⁄ Á◊‹¢ª ¡Ê ∞∑§ ‚ŒSÿ
∑§Ê ©‚∑§ ¬ÍáÊ¸ ¡ËflŸ ∑§Ê‹ ◊¢ ¬˝ÊåÃ „ÊÃ „Ò¢–

∞∑§ ‚¢SÕÊŸ ¡Ê ∞∑§‚ÊÕ  50,000/- (ÁflŒÁ‡ÊÿÊ¢ ∑§ Á‹∞ U.S. $ 25,000) ◊ÊòÊ Œ¢, ‚ŒÊ ∑§ Á‹∞ ß‚ ‚¢SÕÊ
∑§ ‚¢SÕÊŸ ŒÊÃÊ ’Ÿ ‚∑§Ã „Ò, Á¡‚ fl„ ∞∑§ √ÿÁÄÃ ∑§Ê ŸÊ◊Ê¢Á∑§Ã ∑§⁄∑§ ©‚ •¬Ÿ ‚¢SÕÊŸ ∑§ ¬˝ÁÃÁŸÁœ ∑§
M§¬ ◊¢ ÁflôÊÊŸ ∑§Ê¢ª˝‚ ∑§ flÊÁ·¸∑§ ‚òÊ ◊¢ ÷¡ ‚∑§Ã „Ò¢– ∞∑§ ‚¢SÕÊŸ/√ÿÁÄÃªÃ ŒÊÃÊ flÊÁ·¸∑§ ÁflôÊÊŸ ∑§Ê¢ª˝‚
∑§ ∑§Êÿ¸Áflfl⁄áÊ •ı⁄ ‚¢SÕÊ ∑§ ⁄Ê¡∏ŸÊ◊øÊ ““∞fl⁄Ë◊Òã‚ ‚Êß¢‚”” ∑§Ë ¬˝ÁÃ ÷Ë ÁflŸÊ ◊ÍÀÿ ¬˝ÊåÃ ∑§⁄ ‚∑§Ã „Ò¢–

* ÷ÃË¸ ‡ÊÈÀ∑§  50/- Á‚»¸§ ∞∑§ Ÿÿ flÊÁ·¸∑§ ‚ŒSÿ ∑§ Á‹∞ ¡∏L§⁄Ë „Ò– ÿ„ ‚òÊ ‚ŒSÿ/•Ê¡ËflŸ ‚ŒSÿ/‚¢SÕÊŸ
‚ŒSÿ/¿ÊòÊ ‚ŒSÿ/ŒÊÃÊ ∑§ Á‹∞ ¡∏L§⁄Ë Ÿ„Ë¢ „Ò–

** (∞∑§ ÁflŒ‡ÊË ‚ŒSÿ ∑§Ê •Õ¸ „Ò¢, ¡Ê ÷Ê⁄Ãfl·¸ ∑§ ’Ê„⁄ ∑§Ê ŸÊªÁ⁄∑§ „Ê¢–)

(•) ¬¬⁄ ¬‡Ê ∑§⁄ŸÊ — ∞∑§ ¬ÍáÊ¸ ¬¬⁄ ∑§Ë ¬˝ÁÃ ©‚∑§ ‚ÊÕ ÃËŸ ‚Ê⁄Ê¢‡Ê ∑§Ë ¬˝ÁÃ ¡Ê 100 ‡ÊéŒÊ¢ ‚ íÿÊŒÊ Ÿ
„Ê¢ •ı⁄ Á¡∏‚◊¢ ∑§Êß¸ •Ê⁄π ÿÊ »§Ê◊Í¸‹Ê Ÿ „Ê¢, fl„ ¬˝àÿ∑§ fl·¸ 15 Á‚Ãê’⁄ ∑§ •¢Œ⁄ •ŸÈ÷ÊªËÿ •äÿˇÊ
Ã∑§ ¬„È°ø ¡ÊŸÊ øÊÁ„∞–

(’) ‚÷Ë flªÊZ ∑§ ‚ŒSÿ ¡Ê ÁflôÊÊŸ ∑§Ê¢ª˝‚ ‚òÊ ◊¢ ÷Êª ‹Ÿ ∑§ ¬‡øÊÃ ‹ÊÒ≈Ã ‚◊ÿ ∑§ Á≈∑§≈ ◊¢ Á⁄ÿÊÿÃ ¬˝ÊåÃ
∑§⁄ ‚∑§ÃÊ „Ò, ’‡ÊûÊZ Á∑§ ©Ÿ∑§Ë ÿÊòÊÊ ∑§ πø¸ ∑§Ê ÕÊ«∏Ê ÷Ë ÷Êª ‚⁄∑§Ê⁄ (∑§ãŒ˛Ëÿ ÿÊ ⁄Êíÿ), ∑§Êß¸ ∑§ÊŸÍŸË
‚ûÊÊ ÿÊ ∑§Êß¸ Áfl‡flÁfllÊ‹ÿ ÿÊ ∑§Êß¸ Ÿª⁄¬ÊÁ‹∑§Ê Ÿ ©ΔÊ∞° •ı⁄ ©Ÿ∑§Ë ∑È§‹ ∑§◊Êß¸ ÿÊ ¬Á⁄‹ÁéœÿÊ¢  5,000/-
(¬˝ÁÃ ◊Ê„ ¬Ê°ø „¡Ê⁄ L§¬∞) ‚ •Áœ∑§ Ÿ„Ë¢ „Ò¢– ∑Î§¬ÿÊ ISCA fl’‚Êß≈ ‚ ⁄‹fl Á⁄ÿÊÿÃ »§Ê◊¸ «Ê©Ÿ‹Ê« ∑§⁄¢–

(‚) ‚¢SÕÊ ∑§ ¬ÈSÃ∑§Ê‹ÿ ◊¢ ‚÷Ë flªÊZ ∑§ ‚ŒSÿ ∑§Ê ¬…∏Ÿ ∑§Ë ‚ÈÁflœÊ ‚È’„ 10.00 ’¡ ‚ ‡ÊÊ◊ ∑§Ê 5.30
’¡ Ã∑§ ‚÷Ë ∑§Ê◊ ∑§ ÁŒŸÊ¢ ◊¢ (‡ÊÁŸflÊ⁄ •ı⁄ ⁄ÁflflÊ⁄) ∑§Ê ¿Ê«∏∑§⁄ ¬˝ÊåÃ „ÊªË–

(«) ‚◊ÿ ‚◊ÿ ¬⁄ ‚¢SÕÊ mÊ⁄Ê Ãÿ ∑§Ë ªß¸ ◊ÍÀÿ Œ⁄Ê¢ ¬⁄ ÁflüÊÊ◊ªÎ„, ‚÷ÊªÊ⁄ •ÊÁŒ ‚ÈÁflœÊ•Ù¢ ∑§Ë ¬˝ÊÁåÃ ÷Ë
‚÷Ë flªÊZ ∑§ ‚ŒSÿ ∑§⁄ ‚∑§Ã „Ò¢–

(ß¸) ÷Áflcÿ ◊¢ ÷Ê⁄ÃËÿ ÁflôÊÊŸ ∑§Ê¢ª˝‚ ‚¢SÕÊ mÊ⁄Ê •ÊÿÊÁ¡Ã ¬Á⁄‚¢flÊŒ, ‚ê◊‹Ÿ •ı⁄ flÊÁ·¸∑§ ∑§Ê¢ª˝‚ ◊¢ ‚÷ËflªÊZ
∑§ ‚ŒSÿÊ¢ mÊ⁄Ê ÷Êª ‹Ÿ ∑§ Á‹∞ •¬ŸËó•¬ŸË ‚ŒSÿÃÊ ¬òÊ ∑§Ê ‹ÊŸÊ ¡∏L§⁄Ë „ÊªÊ–

äÿÊŸ Œ¢ — (1) ‚÷Ë ’Ò¢∑§ «˛Êç≈ The Indian Science Congress Association ∑§ ŸÊ◊ ‚ „Ë Á‹πÊ ¡Ê∞°,
‚ŒSÿÃÊ ∑§ Áfl·ÿ ◊¢ ’Ò¢∑§ «˛Êç≈ ∑§Ë ¬˝ÊÁåÃ •ı⁄ ¡Ê ∑§Ê‹∑§ÊÃÊ ∑§ Á∑§‚Ë ÷Ë ‡ÊÊπÊ ◊¢ Œÿ „Ê¢– ‚ŒSÿÊ¢ ‚ ÿ„
ÁŸflŒŸ Á∑§ÿÊ ¡Ê ⁄„Ê „Ò, Á∑§ fl •¬ŸË ‚ŒSÿÃÊ ‚¢ÅÿÊ ∑§Ê ©À‹π ÷Ê⁄ÃËÿ ÁflôÊÊŸ ∑§Ê¢ª˝‚ ‚¢SÕÊ ∑§ ∑§ÊÿÊ¸‹ÿ
∑§ ‚ÊÕ ¬òÊÊøÊ⁄ ∑§ flÄÃ •fl‡ÿ ∑§⁄¢–

(2) ÷Ê⁄ÃËÿ ÁflôÊÊŸ ∑§Ê¢ª˝‚ ‚¢SÕÊ mÊ⁄Ê ◊ŸË•Ê°«¸⁄, •Êß¸. ¬Ë. •Ù., ß¸. ‚Ë. ∞‚. ÿÊ ø∑§ ‚ ÷ÈªÃÊŸ ª˝„áÊ Ÿ„Ë¢
Á∑§ÿÊ ¡Ê∞ªÊ– ∑§Êß¸ ÷Ë ‚ŒSÿÃÊ ÁŸœÊ¸Á⁄Ã ‚ŒSÿÃÊ »§Ê◊¸ (•ÊflŒŸ-¬òÊ Ÿß¸ ‚ŒSÿÃÊ/‚ŒSÿÃÊ ∑§Ë ŸflË∑§⁄áÊ ∑§
Á‹∞) ◊¢ ÁflÁœflÃ Á’ŸÊ ÷⁄Ÿ ‚ Ÿ„Ë¢ Á‹ÿÊ ¡Ê∞ªÊ–

(3) Ÿ∑§ŒË ∑§fl‹ ISCA ◊ÈÅÿÊ‹ÿ ◊¢ „ÊÕ ‚ Á‹ÿÊ ¡Ê∞ªÊ– ∑Î§¬ÿÊ «Ê∑§ mÊ⁄Ê Á‹»§Ê»§ ∑§ ÷ËÃ⁄ Ÿ∑§ŒË Ÿ„Ë¢ ÷¡¢–

(ii)



(iii)

THE INDIAN SCIENCE CONGRESS ASSOCIATION
14, Dr. Biresh Guha Street, Kolkata-700 017, INDIA

Terms of Membership and Privileges of Members :

Membership of the Association is open to person with Graduate or equivalent Academic Qualifications
and interested in the advancement of Science in India.

1. Annual Member : A person willing to be enrolled as new Annual Member has to pay an
annual subscription of  200/- along with an admission fee of  50/-* (for foreign** U.S.$
70) only. The annual subscription of a Member shall become due on the 1st April of each
year. Anyone who fails to pay the subscription on or before the 15th July in any year shall
lose the right of voting and/or holding any office of the Association for that year. A member
failing to pay the annual subscription by the end of March of the following year shall cease
to be a Member. Annual members can renew their Membership without paying the admission
fee in the next year by remitting subscriptions in time i.e. within 15th July. Members may
contribute papers for presentation at the Science Congress. They will receive, free of cost,
reprints of the Proceedings of the Session of any one section of their interest and also the
bi-monthly journal of the Association Everymans Science for that year only. For Renewal
of Membership please download the form from ISCA website.

2. Sessional Member : If for some reasons, Annual Members fail to renew their Membership
by remitting subscription prior to 15th July each year, their Membership for the year would
be restricted to Sessional Membership without voting right. Sessional Member has to pay

 200/- (for foreign $50). A Sessional Member shall have the right to present paper/poster
at the session of the congress of which he/she is a member. A Sessional Member shall not
be eligible to participate in the voting process. A Sessional member shall not be eligible
to participate in the Business meetings of the Sections and the General Body.

3. Student Member : A person studying at the under-graduate level may be enrolled as a
Student Member by paying an annual subscription of  100/- only provided his/her
application is duly certified by the Principal/Head of the Institution/Department. A
student member shall have the right to submit papers for presentation at the Session of the
Congress of which he/she is a member, provided such papers be communicated through a
Member, or an Honorary Member of the Association. He/She shall not have the right to
vote or to hold any office. A student member shall not be eligible to participate in the
Business Meetings of the Sections and the General Body.

4. Life Member : A Member may compound all future annual subscriptions by paying a single
sum of  2,000/- (for foreign** U.S. $ 500) only. Any person who has been continuously
a member for 10 years or more, shall be allowed a reduction in the compounding fee of

 50/- for every year of such membership, provided that the compounding fee shall not be
less than  1,200/- (for foreign** U.S. $ 12.50 and U.S. $ 300 respectively). A life Member
shall have all the privileges of a member during his/her lifetime.

Telephone : (033) 2287-4530, 2281-5323
Fax : 91-33-2287-2551
Website : http://sciencecongress.nic.in
E-mail : es.sciencecongress@nic.in



(iv)

5. Institutional Member : An Institution paying a subscription of  5,000/- (for foreign**
U.S. $ 2,500) only, can become an Institutional Member of the Association for that financial
year. It shall be eligible to nominate one person as its representative to attend Annual Session
of the Science Congress. An Institutional Member shall be eligible to receive, free of cost,
a copy of the complete set of Proceedings of the Annual Science Congress Session as also
a copy each of the Associations journal Everymans Science.

6. Donor : Any person paying a lump sum of  10,000/- (for foreign** U.S. $ 5,000) only,
can become an Individual Donar of the Association, an INDIVIDUAL DONOR shall have
all the rights and privileges of a member during his/her lifetime.
An Institution paying a lump of  50,000/- (for foreign** U.S. $ 25,000) only, can become
an INSTITUTIONAL DONOR of the Association forever, which shall have the right to
nominate one person as its representative to attend Annual Session of the Science Congress.
An Institutional/Individual Donor shall be eligible to receive, free of cost, a copy of the
complete set of Proceedings of the Annual Science Congress Session as also the Associations
journal Everymans Science.

* Admission fee of  50/- is needed only for becoming a new Annual Member and not for
Sessional Member/Life Member/Institutional Member/Student Member/Donor.

** (A Foreign Member means one who is normally Resident outside India).
(A) Presentation of Papers : A copy of complete paper accompanied by an abstract in

triplicate not exceeding one hundred words and not containing any diagram or formula,
must reach the Sectional President latest by September 15, each year.

(B) Members of all categories are entitled to Railway Concession of return ticket by the same
route with such conditions as may be laid down by the Railway Board for travel to attend
the Science Congress Session provided that their travelling expenses are not borne, even
partly, by the Government (Central or State), Statutory Authority or an University or a
City Corporation and their total earning of or emoluments drawn do not exceed  5,000/-
(Rupees Five Thousand per month). Please download the Railway Concession form from
ISCA Website.

(C) Members of all categories are entitled to reading facilities between 10.00 a.m. to 5.30
p.m. on all weekdays (except Saturdays & Sundays) in the library of the Association.

(D) Members of all categories may avail Guest House facilities, Lecture Hall hiring at the
rates fixed by the Association from time to time.

(E) Members of all categories should bring the Membership Card always for attending any
Seminar, Conference and Annual Congress organized by ISCA in future.

Note : (1) All Bank Drafts should be drawn in favour of The Indian Science Congress Association,
membership subject to realisation of the bank draft, Payable at any branch in Kolkata.
Members are requested to mention their Membership No. while making any correspondence
to ISCA office.
(2) No money order, I.P.O., ECS or cheque will be accepted by ISCA. No Membership will
be taken without duly filled in prescribed Membership Form (Application From for New
Membership/Application for Renewal of Membership).
(3) Cash will only be taken by hand at ISCA Hqrs. Pl. do not send the Cash by Post within
the envelop.



(v)

‚ŒSÿÃÊ ∑§ Á‹∞ ŸÿÊ •ÊflŒŸ ¬òÊ

‚flÊ ◊¢

◊„Ê‚Áøfl (‚ŒSÿÃÊ ∑§Êÿ¸)
÷Ê⁄ÃËÿ ÁflôÊÊŸ ∑§Ê¢ª˝‚ ‚¢SÕÊ
14, «ÊÚ0 Á’⁄‡Ê ªÈ„Ê S≈˛Ë≈,
∑§Ê‹∑§ÊÃÊ-700 017

◊„ÊŒÿ,

◊Ò¢ ÷Ê⁄ÃËÿ ÁflôÊÊŸ ∑§Ê¢ª˝‚ ‚¢SÕÊ ∑§Ê •Ê¡ËflŸ ‚ŒSÿ/flÊÁ·¸∑§ ‚ŒSÿ/‚òÊ ‚ŒSÿ/¿ÊòÊ ‚ŒSÿ/‚¢SÕÊŸ ‚ŒSÿ/√ÿÁÄÃªÃ
ŒÊÃÊ/‚¢SÕÊªÃ ŒÊÃÊ •¬ŸÊ ŸÊ◊ Á‹πflÊŸÊ øÊ„ÃÊ/øÊ„ÃË „Í°–

◊Ò¢ ß‚∑§ ‚ÊÕ óóóóó ‚ŒSÿÃÊ ‡ÊÈÀ∑§ ∑§ M§¬ ◊¢ Ÿ∑§∏Œ  óóóóó/’Ò¢∑§ «˛Êç≈ ‚¢ÅÿÊ óóóóó
ÁŒŸÊ¢Á∑§Ã óóóóó ¬˝øÊ‹∑§ ’Ò¢∑§ óóóóó 01 •¬Ò̋‹ 20—— ‚ 31 ◊Êø¸ 20—— Ã∑§ ÷¡ ⁄„Ê/⁄„Ë „Í°–

◊Ò¢ ÁŸêŸÁ‹ÁπÃ Áfl÷Êª ◊¢ L§Áø ⁄πÃÊ/⁄πÃË „Í° (∑Î§¬ÿÊ Á∑§‚Ë ∞∑§ ◊¢ ÁŸ‡ÊÊŸ ‹ªÊ∞°)–

Áfl÷Êª
1. ∑Î§Á· •ı⁄ flÊÁŸ∑§Ë ÁflôÊÊŸ

2. ¬‡ÊÈ, ¬‡ÊÈÁøÁ∑§à‚Ê •ı⁄ ◊àSÿ ÁflôÊÊŸ

3. ◊ÊŸfl‡ÊÊùËÿ •ı⁄ √ÿfl„Ê⁄¬⁄∑§ ÁflôÊÊŸ (Á¡‚◊¢ ‚Áê◊Á‹Ã, „Ò¢, ¬È⁄ÊÃàfl-ÁflôÊÊŸ, ◊ŸÊÁflôÊÊŸ, ‡ÊÒÁˇÊ∑§ ÁflôÊÊŸ •ı⁄
‚ŸÊ ÁflôÊÊŸ)

4. ⁄‚ÊÿŸ ÁflôÊÊŸ

5. ÷Í-¬hÁÃ ÁflôÊÊŸ

6. •Á÷ÿãÃÊ ÁflôÊÊŸ

7. ¬ÿÊ¸fl⁄áÊ ÁflôÊÊŸ

8. ‚ÍøŸÊ •ı⁄ ‚¢øÊ⁄áÊ ÁflôÊÊŸ •ı⁄ ¬˝ÊÒlÊÁª∑§Ë (Á¡‚◊¢ ∑¢§åÿÍ≈⁄ ÁflôÊÊŸ ÷Ë ‚Áê◊Á‹Ã „Ò)

9. ÷ÊÒÁÃ∑§ ÁflôÊÊŸ

10. ªÁáÊÃ ÁflôÊÊŸ (Á¡‚◊¢ ‚Ê¢ÁÅÿ∑§Ëÿ ‚Áê◊Á‹Ã „Ò)

11. ÁøÁ∑§à‚Ê ‡ÊÊù (Á¡‚◊¢ ‡Ê⁄Ë⁄ ÁflôÊÊŸ ÷Ë ‚Áê◊Á‹Ã „Ò)

12. ŸÿÊ ¡ËflÁflôÊÊŸ (Á¡‚◊¢ ¡Ëfl ⁄‚ÊÿŸ, ¡Ëfl ÷ÊÒÁÃ∑§Ë •ı⁄ •ÊáÊÁfl∑§ ¡ËflÁflôÊÊŸ •ı⁄ ¡Ëfl-¬˝ÊÒlÊÁª∑§Ë ÷Ë ‚Áê◊Á‹Ã
„Ò)

S≈Òê¬ •Ê∑§Ê⁄ ∑§Ê
»§Ê≈Ê

÷Ê⁄UÃËÿ ÁflôÊÊŸ ∑§Ê¢ª˝‚ ‚¢SÕÊ
14, «UÊÚ0 Á’⁄U‡Ê ªÈ„UÊ S≈˛UË≈U, ∑§Ù‹∑§ÊÃÊ–700 017, ÷Ê⁄Ã

ŒÍ⁄÷Ê· : (033) 2287-4530, 2281-5323
»Ò§Ä‚ : 91-33-2287-2551
fl’‚Êß≈ : http://sciencecongress.nic.in
ß¸-◊‹ : es.sciencecongress@nic.in



13. ÷ÊÒÁÃ∑§Ëÿ ÁflôÊÊŸ
14. flŸS¬ÁÃ ÁflôÊÊŸ

(∑Î§¬ÿÊ ≈¢Á∑§Ã ∑§⁄¢ ÿÊ é‹ÊÚ∑§ •ˇÊ⁄Ê¢ ◊¢ ÷⁄¢)

ŸÊ◊ (é‹ÊÚ∑§ •ˇÊ⁄Ê¢ ◊¢) :

üÊË/‚ÈüÊË/üÊË/üÊË◊ÃË/«ÊÚ0/¬˝Ê0 (∑Î§¬ÿÊ Á≈∑§ ∑§⁄¢)

∑È§‹ŸÊ◊ ¬˝Õ◊ ŸÊ◊ ◊äÿ ŸÊ◊

‡ÊÒˇÊÁáÊ∑§ ÿÊÇÿÃÊ :

(•¢ÁÃ◊ ‡ÊÒˇÊÁáÊ∑§ ÿÊÇÿÃÊ ¬˝◊ÊáÊ-¬òÊ •¢∑§-‚ÍøË ∑§Ê SflÃ—‚àÿÊÁ¬Ã Á¡⁄ÊÄ‚ ¬˝ÁÃ ‚¢‹ÇŸ ∑§⁄ŸÊ „Ò)

¬ŒŸÊ◊

‚ê¬∑¸§ ∑§Ê ¬ÃÊ :

(⁄Êíÿ, ‡Ê„⁄/Ÿª⁄ •ı⁄ Á¬Ÿ ∑§Ê« ‚Á„Ã)

ŒÍ⁄÷Ê· ‚¢ÅÿÊ/◊Ê’Êß¸‹ ‚¢ÅÿÊ •ı⁄ ß¸-◊‹ :

Á∑§‚Ë ÷Ë ‚⁄∑§Ê⁄Ë •ŸÈ◊ÊÁŒÃ ¬„øÊŸ ¬òÊ (•ÁŸflÊÿ¸) :

flÃ¸◊ÊŸ fl·¸ Áfl‡flÁfllÊ‹ÿ ¬˝fl‡Ê-¬òÊ :

SÕÊÿË ¬ÃÊ :

ÁŒŸÊ¢∑§ : ÷flŒËfl

„SÃÊˇÊ⁄

äÿÊŸ Œ¢ — (i) ‚÷Ë ’Ò¢∑§ «˛Êç≈ The Indian Science Congress Association ∑§ ŸÊ◊ ‚ „Ë Á‹πÊ ¡Ê∞°, ‚ŒSÿÃÊ
∑§ Áfl·ÿ ◊¢ ’Ò¢∑§ «˛Êç≈ ¬˝ÊÁåÃ •ı⁄ ¡Ê ∑§Ê‹∑§ÊÃÊ ∑§ Á∑§‚Ë ÷Ë ‡ÊÊπÊ ◊¢ Œÿ „Ê¢–

(ii) ‚÷Ë ‚ŒSÿÃÊ •ı⁄ ‚ŒSÿÃÊ ∑§ ŸflË∑§⁄áÊ ∑§ Á‹∞ •ÊflŒŸ-¬òÊ •ÊflŒ∑§Ê¢ ∑§Ê •¬Ÿ πÈŒ ∑§ ¬Ã ©¬‹éœ
∑§⁄Ê∑§ ∑§⁄Ÿ øÊÁ„∞ Ÿ Á∑§ Œπ÷Ê‹ ∑§ ¬Ã ¬˝SÃÈÃ ∑§⁄Ÿ øÊÁ„∞–

(iii) ÷ÃË¸ ‡ÊÈÀ∑§  50/- Á‚»¸§ ∞∑§ Ÿÿ flÊÁ·¸∑§ ‚ŒSÿ ∑§ Á‹∞ ¡∏L§⁄Ë „Ò– fl„ ‚ŒSÿ/•Ê¡ËflŸ ‚ŒSÿ/‚¢SÕÊŸ
‚ŒSÿ/¿ÊòÊ ‚ŒSÿ/ŒÊÃÊ ∑§ Á‹∞ ¡∏L§⁄Ë Ÿ„Ë¢ „Ò–

(iv) ‚ŒSÿÊ¢ ‚ ÿ„ ÁŸflŒŸ Á∑§flÊ ¡Ê ⁄„Ê „Ò Á∑§ fl •¬ŸË ‚ŒSÿÃÊ ‚¢ÅÿÊ ∑§Ê ©À‹π ÷Ê⁄ÃËÿ ÁflôÊÊŸ ∑§Ê¢ª˝‚
‚¢SÕÊ ∑§ ∑§ÊÿÊ¸‹ÿ ∑§ ‚ÊÕ ¬òÊÊøÊ⁄ ∑§ ‚◊ÿ •fl‡ÿ ∑§⁄¢–

(v) ÷Ê⁄ÃËÿ ÁflôÊÊŸ ∑§Ê¢ª˝‚ ‚¢SÕÊ mÊ⁄Ê ◊ŸË•ÊÚ«¸⁄, •Êß¸. ¬Ë. •Ù., ß¸. ‚Ë. ∞‚. ÿÊ ø∑§ ‚ ÷ÈªÃÊŸ ª˝„áÊ
Ÿ„Ë¢ Á∑§ÿÊ ¡Ê∞ªÊ–

(vi) ∑§Êß¸ ÷Ë ‚ŒSÿÃÊ ÁŸœÊ¸Á⁄Ã ‚ŒSÿÃÊ »§Ê◊¸ (•ÊflŒŸ-¬òÊ Ÿß¸ ‚ŒSÿÃÊ/‚ŒSÿÃÊ ∑§Ë ŸflË∑§⁄áÊ ∑§ Á‹∞)
◊¢ ÁflÁœflÃ Á’ŸÊ ÷⁄Ÿ ‚ Ÿ„Ë¢ Á‹ÿÊ ¡Ê∞ªÊ–

(vii) Ÿ∑§ŒË ∑§fl‹ ISCA ◊ÈÅÿÊ‹ÿ ◊¢ „ÊÕ ‚ Á‹ÿÊ ¡Ê∞ªÊ– ∑Î§¬ÿÊ «Ê∑§ mÊ⁄Ê Á‹»§Ê»§ ∑§ ÷ËÃ⁄ Ÿ∑§ŒË
Ÿ„Ë¢ ÷¡¢–

(vi)



(vii)

Stamp Size
Photograph

Application Form For New Membership

To

The General Secretary (Membership Affairs)
The Indian Science Congress Association
14, Dr. Biresh Guha Street,
Kolkata-700 017

Dear Sir,

I like to be enrolled as a Life Member/Annual Member/Sessional Member/Student Member/
Institutional Member/Individual Donor/Institutional Donor of The Indian Science Congress Association.
(Pl. Tick)

I am sending herewith an amount of  .................... in payment of my subscription by Cash/
Bank Draft No. ..................... dated ..................... issuing bank ...........................................................
from the year 1st April 20 ............ to 31st March 20............ .

I am interested in the following section (Please tick any one).

Sections
1. Agriculture and Forestry Sciences
2. Animal, Veterinary and Fishery Sciences
3. Anthropological and Behavioural Sciences (including Archaeology, Psychology, Education

and Military Sciences)
4. Chemical Sciences
5. Earth System Sciences
6. Engineering Sciences
7. Environmental Sciences
8. Information and Communication Science & Technology (including Computer Sciences)
9. Materials Science

10. Mathematical Sciences (including Statistics)
11. Medical Sciences (including Physiology)
12. New Biology (including Bio-Chemistry, Biophysics & Molecular Biology and Biotechnology)

THE INDIAN SCIENCE CONGRESS ASSOCIATION
14, Dr. Biresh Guha Street, Kolkata-700 017, INDIA

Telephone : (033) 2287-4530, 2281-5323
Fax : 91-33-2287-2551
Website : http://sciencecongress.nic.in
E-mail : es.sciencecongress@nic.in



(viii)

13. Physical Sciences

14. Plant Sciences

(Please type or fill up in Block Letters)

Name (in Block Letters) :

Mr./Ms./Shri/Shrimati/Dr./Prof (Please tick)

Surname First Name Middle Name

Academic Qualifications :

Self attested xerox copy of last educational certificate/marksheet must be attached)

Designation

Address of communication :

(including state, city/town and pin code)

Phone No./Mobile Number & E-mail :

Any Govt. approved ID Card (Mandatory) :

Current Year University Admit Card :

Permanent Address :

Date : Yours Faithfully

Signature

Note : (i) All Bank Drafts should be drawn in favour of The Indian Science Congress Association,
membership subject to realisation of the bank draft, Payable at any branch in Kolkata.

(ii) All Application Forms for Membership and the renewal of Membership must be
submitted by providing the address of the applicants themselves only and not any care
of address.

(iii) Admission fess of  50/- is needed only for becoming a new Annual Member and
not for Sessional Member/Life Member/Institutional Member/Student Member/Donor.

(iv) Members are requested to mention their Membership No. while making any
correspondence to ISCA office.

(v) No Money Order, I.P.O., ECS or Cheque will be accepted by ISCA.
(vi) No Membership will be taken without duly filled in prescribed Membership Form

(Application Form for New Membership/Application For Renewal of Membership).
(vii) Cash will only be taken by hand at ISCA Hqrs. Pl. do not send the cash by Post within

the envelope.



REMINDER

TO
ALL ANNUAL MEMBERS (2020-21)

RENEWAL OF ANNUAL MEMBERSHIP SUBSCRIPTION FOR 2021-2022

Dear Sir/Madam,

1. Kindly fill up the renewal form given on the opposite page and remit  200/- by Bank Draft
on a Kolkata Bank in favour of “The Indian Science Congress Association” to renew your
membership for 2021-2022. No Cheque, Postal order or Money order will be accepted by ISCA.

2. For exercising Voting Right the enrolment of Annual Membership is required to be made by
July 15, 2021. Subscription received after July 15, 2021 will be treated as Sessional Member.

3. Last date of receiving full papers along with 3 copies of Abstracts for presentation at the 108th

Session of Indian Science Congress to be held from 3-7 January, 2022 is September 15, 2021.

4. As per the resolution of the Executive Committee in its meeting held on October 15, 2011,
all Application forms for Membership and the renewal of membership must be submitted by
providing the address of the applicants themselves only and not any ‘Care of Address’.

5. While sending your subscription, Please quote your last year (i.e. 2020-2021 only) Annual
membership number.

If your subscription is already remitted, please ignore this letter.

Yours faithfully

Dr. S. Ramakrishna
General Secretary

(Membership Affairs)

N.B. : Sending of membership subscription without the duly filled in renewal form will not be accepted.

(ix)

es.sciencecongress@nic.in.



APPLICATION FOR RENEWAL OF ANNUAL MEMBERSHIP SUBSCRIPTION FOR 2021-2022

Annual Membership Number :
(Last Year i.e. 2020-2021 only)

Name :                        Middle Name :                      Surname :

Affiliation :

Present Address (only for persons changing the address)

*If there is any change in the address as given earlier in your application, please state the original
address mentioned previously.

Original Address :

+Enclosed Bank draft No. ........................ dt. ................................... of  200 (two hundred only)

Signature of the Applicant
Date : Contact No :

+in favour of “The Indian Science Congress Association” payable at any branch of Bank in Kolkata.

(x)
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