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[EXECUTION OF NEP 2020 IN HIGHER EDUCATION ISBN No. : 978-93-91763-80-0]

NEP 2020 : Roadmap for Students

Dr. Smita Bhaga Chand Phatangare, Dr. Madhuri Vishnu Deshmukh
Assistant Professor, BJS College of Arts, Sci. & Comm., Wagholi

Abstract-

National Education Policy was created keeping in mind the rich tradition of ancient |

Aslan Santana Indian knowledge. In Indian philosophy, the pursuit of knowledge,
wisdom and time is always considered as the highest goal of human beings. Today
we have gone through three national education policies and now planning to implement
NEP 2020 policy. In 1968 the National Education Policy, which was implemented by
the government, was based on the Kothari Commission recommendations. That policy
had free and compulsory education to all the students up to the age of 14, In that
importance was given to teacher training and qualification, three language formula,
equal opportunity for education for all as well as 10+2+3 structure. In 1986 Rajiv Gandhi
implemented new education policy. It provided equal educational opportunities to all
the students. First time in this education policy women, Scheduled Castes and Tribes
were also taken into consideration. It Established district education and training
institutes, and implementation of 10+2+3 pattem across the country, it ensured enough
availability of food as well as healthy environment in schools. First time in India most
of the open universities and distance learning institutes were opened. In 1992 when
P.V. Narasimha Rao was the Prime Minister of India, once again education policy was
updated. In 1992 Provision was made to open at least one Open University in every
state. It was decided that Common Entrance Tests must be conducted for admission
of professional and technical courses throughout India. The ‘National Education Policy

2020’ focus mainly on mainstreaming of out of school children through open school

system It targets to give education to the students as per their interest.

Key Words : Education policies, Format, knowledge, Language formula, stream of
education.

NEP 2020-

Union Cabinet approved the new education policy (National Education Policy 2020).
Many changes have been made in this from school education to higher education.
Central committee under the chairmanship of Prime Minister Narendra Modi have
finalized this. This new education policy 2020 emphasizes on providing equal education
for all from pre-school to secondary level. Also, efforts will be made through this new
education policy to bring the children back into the stream of education, who are away
from education.

10+2 pattern has been cancelled in the new education policy. Till now the school
curriculum in our country was following 10+2 pattern. But now the method of education
has been changed. Now the syllabus will be as per the pattern 5+3+3+4. It means first
part will be from primary to fifth class. Second part from sixth to eighth class and fourth
part from ninth to twelfth class. If we will learn this pattern i.e. 5+3+3+4, we will come
to know that education is divided in various stages.

Fﬁ ] Gokhale Education Society’s SMRK-BK-AK Mahila Mahavidyalaya, Nashik - 5. ]
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Foundation Stage:
The children below three years will study in Anganwadi's. After that for the next
two years the children will be in Foundation Stage. Then for the next two years the

Second Stage: .

In this phase education will be given to third to fifth standard students. During this
stage, children will get education of science, mathematics, art etc. It will include children
between the ages of eight and 11 years,

Third Stage:
~ Itwill cover studies of class six to eight standard. This will include children between

the ages 11 to 14 years. The priority will be given to Skill development especially in
this stage. ‘

Fourth Stage:

The study from class 9th to 12th will be divided in two stages in NEP. There will
also be a facility to choose the subject as per child's interest, This system was popular
in the past education pattemns also.

Initially there was no form of pre-schooling in government schools. The syllabus
from 1st to 10th was normal. But now this has been changed. After 11th we were

Vocational education imparting professional knowledge from 6th standard
onwards

Dr. Kasthurirangan who headed the committee that made the new educational
policy said, now children will be given professional education from sixth standard.

development education. This new education policy will not create unemployed people.
The children will be given the professional education required for employment in the
school itself.

Currently there are different regulatory bodies for different courses in higher
education, instead (except for law and medical disciplines) there will be a single
regulatory body. Like America, a National Research Institute will be established in
India to give importance to researchers and improve their quality not only science but
alsoresearch in sociology will be financially supported. The standard of higher education
in the country will be taken to intemational level. It will increase communication with
students from foreign quality educational institutions and educational exchange can
also take place.

In the new education policy, though 10th and 12th board exams will be conducted,
its importance will be reduced. These exams can be conducted twice in a year Instead

Lsa I Gokhale Education Society’s SMRK-BK-AK Mahila Mahavidyalaya, Nashik - 5. )
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of memorizing and writing answers, the exam will be based on daily useful knowledge.
Subjects from different branches like science and art can be studied together. Thus,
interdisciplinary education will begin. Flexibility has also been introduced in higher
education and interdisciplinary subjects can be studied together in colleges and
universities. Education can be stopped at any stage. The marks of that education will
be retained and further education can be taken after some time. For students who
want to do research, there will be a 5-year course. After that there will be no need to
do M.Phil. One can directly take admission for PhD.

Conclusion-

The Union Ministry of Education has set a target of starting at least one
multidisciplinary interdisciplinary college in every district by 2030. Until now, the degree
was taken from a single subject, now the degree will be completed by taking subjects
from multiple disciplines simultaneously. Not only universities but also colleges will
have multi-disciplinary courses so the fees will be fixed accordingly. Similar conditions
are to be fixed for charging fees of government as well as private educational institutions.
Fees will be fixed within that framework and a maximum limit will also be placed on
the levy. The progress book is to be evaluated by students, fellow students and teachers
themselves without just giving marks and teacher's comments. Based on that, it can
be decided that the life skills of the students can be developed.
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ABSTRACT

The present study explains biometric Length weight relationships {LWRs) of Puntius sophore
(Hamilton 1822) from the Ujani wetland of Maharashtra, India. A total 213 specimens collected from
local fish market of Bhigwan during February 2022 to January 2023. Individual fish measurements
of the total length (TL, cm), standard length (SL, cm) and fresh total body weight (Wt g) were
measured using a digital caliper and a weighing machine respectively. Puntius sophore,
scientifically classified as an ornamental fish belonging o the Cyprinidae family, is renowned for its
striking chromatic atiributes, diminutive dimensions, and adaptability to consirained aquatic
habitats. Despite its modest size and ossified structure, this species possesses nutritional
significance. Puntius sophore boasts a wide geographic distribution encompassing India, Pakistan,
China, and select regions within Southeast Asia. Due to limited manpower, we sourced specimens
from the market. In the study area, the species was collected using traditional fishing methods,

*Corresponding author: Email. madhuri. deshmukhzoology@gmail.com;
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species.

such as the "jhaki jal" (cast net) and "tar jal" (square lift net). The slope of the log-transformed linear
regression (b) values are 2.8085, The b value exponent for study species is significantly lying within
the recommended value of 2.5 — 3.5, while the coefficient of determination (R2)is 0.82 indicated the
proper fitness of the fish in concern of growth and health of the study species. Fulton’s condition
factor (K) value for present study is greater than 1, indicates fish in healthy environment. The result
provides baseline information for the sustainable management and conservation of the studied

Keywords: Morphometry; length weight; wetland: conservation; Bhima rlver

1. INTRODUCTION

“The Western Ghat of India is rich in fish diversity
and most of the species recorded are endemic to
the Western ghat” [1,2]. “There are about 1047
Indian freshwater fish species has been reported
so far from Indian waters, which have been
reported so far, with 216 fish species found in the
state of Maharashtra” [3,4]. “In Pune district 80
species of fishes belonging fo 10 orders, 16
families™ reporied by [5]. "Bhima river, the
tributary of river Krishna is one of the important
river of Maharashtra. The Ujani dam is terminal
dam on Bhima river situated at Village Ujani.
Ujani is the largest freshwater fishing co-
operative in state Maharashtra” [6]. “The Bhima
river consists of 80 fish species belonging to 6
orders, 15 families and 36 genera” [7]. “The
species Cyprinus carpio, Oreochromis
mossambica, Hyporhamphus limbatus, puntius
ticto, Labeo rohita, Catla catla, Cirrhinus mrigala
etc. are found to be common while fishing” [4].
“Pool barb Puntius sophore (Hamilton 1822) is a
small indigenous fish (SIF) member of the family
Cyprinidae™ [8]. “This species Puntius sophore is
widely distributed throughout the Indian sub-
continent  including India, Nepal, Bhutan,
Bangladesh and Pakistan” [9]. “This is important
target species of fisherman’s, having different
variety of fishing gears. Due to the fishing
pressure this species is declining rapidly. Puntius
sophore (Hamilton 1822) is the major source of
the micronutrients and protein, they eat whole. It
is very popular food item and it is also used in
aquarium” [9—11].

“In fish biclogy, the morphological parameters
like length and weight are the important primary
trait in every individual” [12]. “For examining the
health of the fish, the relationship between length
and weight is a usefui parameter” [13]. “In the
length weight relationship (LWR), Convert length
data from field studies into weight data because
weight data measurement in the field is time-
consuming and difficult. Moreover, LWRs and
Conditional factor also important to study the

fisheries and relationship between length and
weight, these are important for study of the
biomass production in fishes, useful for
comparing life histery and morphological aspects
of populations inhabiting different regions”® [6,14—
17].

Due to insufficient knowledge about basic biology
of fishes from Ujani reservoir, it is decided to
carry out at least some studies on basic biology
of Puntius sophor Length-Weight Relationship
(LWR), Growth estimation and Length at maturity
of Eleutheronema tetradactylus in the Chilika
Lagoon, Indiae. Therefore, the present study is
carried out to prepare basic database on length
weight relationship and condition factors of
Puntius sophore, which has never been
attempted earlier from this ecosystem.

2. METHODOLOGY

In total 213 specimens of Puntius sophore (Fiq.
3) were collected from February 2022 to January
2023 from fish market of Bhigwan. The fish
market located at Village Bhigwan, Pune,
Maharashtra and is well connected by national
highway, which receives the fish supply from
Bhima river. After collection, specimens were
preserved in 10% formalin solution and brought
to the research laboratory for identification and
measurementis. Fishes were identified based on
[18,19]. Measurements of iotal length (TL), and
standard length (SL) were done by using digital
caliper {Mitutoyo, Japan) to the nearest 0.1cm
accuracy and Weight (W) were measured using
weighing machine closest 0.1 gm correctness
{CONTECH - CB Series) (Table 1). Length
weight relationships was estimated by the
comimon formula: W = alLb [20], where, ‘L’ is the
total length (cm), ‘W’ is the body weight (g), 'a’ is
the intercept and b’ is the slope of the log-
transformed linear regression, r? is the coefficient
of determination o estimate the goodness of fit.
Calculation of Fulton's condition factor (K) by K
=100 W / L®, Where, ‘K’ is condition factor ‘W' is
weight of fish 'L’ is length of fish And, b’ is
exponent from LWR [21].
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3. RESULTS AND DIScussioN investigation, it s Possible that the obseryed

Variances jp LWRs characteristics are the resuylis
The sample size (n), Range of tota length (TL), of a single factor or the combined effects of many
standard length (SL), Weight range, intercept (a factors. As per the Previous studies, the vajye of
value), slope (b value) and 2 the coefficient of Parameter b of Pyntiys Sophore in present
determination of Puntius Sophore wera estimated investigation is within the expected range of 2 5.
and expressed in the Table 1 Maximum 3.5 [20. Similarly, a value of the present
standard length and weight for the Puntius investigation was higher than the all discussed

was found to be 0.0389 ang 2.8085 fespectively The R? value in the Present study was found to
(fo: 1). The b value Xponent for both species IS be greater than 0.80, This shows that the mode|

The b value observed in this study is 2.80, it was

found lower than the previous study [9.23]. study was 1.424+0.176 (Table 2). K value
Factors like mesh size, sampling gear, fishing greater than 1 showed that Fishes in thejr
Pressure, gonadal maturity, S€X, geographical an : -

environmentaj factor, sampling season, length
fange used, diet Stomach fullness might be

Table 1. Length weight relationship parameter of Puntiys sophore
Parameter Puntius sp hore
N 213
TL range (cm) 64 -103

TL (Mean+sD) 8.21 +0.79
SL range (em) 53-84

SL (MeaniSD) 6.61 :0.65
W(g) 397-149
w (Mean+Sp) 8.07 #2 47

a value 0.0389
b value




Deshmukh; Uttar pradesh J. Zool., vol. 44, no. 22, pp. 193-198, 2023, Article n0.UPJOZ.2953

LWR of P. sophore

y=0. 0389%238
R2=0.8211
N=213

0 1 2 3 4 5 6 7 8 9

L SL (cm)

Fig- 1. Graph showing standard length vs body weight scattered plot

CF of Puntius sophore

1.550

Fig. 2. Graph showing Fulton’s condition factor {£,8] distribution in study period
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Fig. 3. Photograph of p. sophore
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4. CONCLUSION

The present investigation provides the baseline
information on the length —weight relationships in
Puntius sophore from Ujani Dam. These
freshwater fish species would be important for
monitaring their populations and operative
implementation of protection of species and other
conservation policies.
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Received: 22 June 2023 Herbal medicine has gained substantial attention for its potential role in supporting
Revised: 28 Sept 2023 cardiovascular health. This chapter explores the intricate interplay between herbal
Accepted: 13 Dec 2023 compounds and cardiovascular activities, shedding light on their mechanisms of

action and therapeutic applications. With a historical backdrop of traditional herbal
medicine, the prevalence of cardiovascular diseases serves as a compelling backdrop
for the investigation. The chapter delves into the multifaceted mechanisms by which
herbal compounds influence the cardiovascular system. Notably. herbs exhibit
vasodilatory effects, contributing to blood pressure regulation, and harbor potent
antioxidant and anti-inflammatory properties that collectivelv mitigate oxidative
stress and inflammation within the cardiovascular milieu. Furthermore, certain herbs
intricately modulate lipid metabolism, holding promise in the management of
dyslipidemia. A thorough analysis of well-known herbal treatments clarifies each
one's unigue contributions to cardiovascular health. Hawthorn is revealed to be the
champion of heart health, and garlic demonstrates its mastery of cholesterol
reduction. Ginkgo Biloba is notable for its capacity to improve circulation, and
turmeric demonstrates powerful anti-inflammatory properties. The chapter also looks
at herbal medicine's potential as an intervention for regulating fluid balance,
arrhythmias, and hypertension. Examined is the potential for resveratrol-rich plants
and green fea to protect against heart disease. Along with considerations for safety,
interactions, and future study, the symbiotic relationship between stress reduction,
adaptogenic herbs, and heart health is also discussed in this article. This chapter
concludes with a thorough examination of the crucial part herbal medicine plays in
cardiovascular health. The complex interaction between herbal substances and
circulatory functions, from mechanisms of action to clinical applications, shows
promise for a more integrative and holistic approach to cardiovascular care.
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Introduction

Herbal Medicine and Cardiovascular Health

Historical Context of Herbal Medicine:

Herbal therapy has played a vital role in managing a variety of medical disorders throughout history, including
cardiovascular diseases (CVDs). Herbal medicine has its roots in ancient civilizations when indigenous people
gained a profound awareness of plant characteristics and possible advantages. Herbal treatments were
frequently used to treat symptoms and improve general health. Traditional healers in many communities passed
down their understanding of herbal remedies from generation to generation, weaving a rich tapestry of herbal
knowledge. For instance, herbs have long been a crucial part of therapeutic regimens in Traditional Chinese
Medicine (TCM) and Ayurveda, providing insights into the treatment of cardiovascular diseases.

Prevalence of Cardiovascular Diseases:

With cardiovascular diseases responsible for a significant portion of morbidity and mortality, they pose a
scrious threat to global health. Heart failure, stroke, coronary artery disease, and hypertension are a few of the
conditions that jointly contribute to the rising prevalence of CVDs. The World Health Organization (WHO)
reports that CVDs are the largest cause of death globally, accounting for a projected 17.9 million deaths per
year (WHO, 2021). Researchers, medical professionals, and patients are all looking for complementary and
alternative treatments as a result of the growing health issue.

Mechanisms of Action of Herbal Compounds on the Cardiovascular System

Vasodilation and Blood Pressure Regulation: It is known that herbal components have vasodilatory
properties, which help to control blood pressure and promote cardiovascular health in general. Hawthorn
(Crataegus spp.) has proven vasorelaxant characteristics through influencing endothelial nitric oxide
generation, which results in better vascular tone. The synthesis and bioavailability of endothelial nitric oxide
are both increased by ginkgo biloba extract, which has also been found to improve vasodilation.

Effects on Inflammation and Oxidative Stress: Herbal substances' anti-oxidant and anti-inflammatory
effects are essential in reducing inflammation and oxidative stress in the cardiovascular system. Allicin, a sulfur
component found in garlic (4/lium sativun), has been linked to antioxidant activity and a decrease in vascular
inflammation (Gorinstein et al., 2007). Turmeric (Curcuma longa) contains a compound called curcumin,
which has been shown to have strong anti-inflammatory effects by inhibiting pro-inflammatory cytokines and
modifying intracellular signaling pathways (Jurenka et al., 2009).

Modulation of Lipid Metabolism: Herbal therapies have also shown the ability to modify lipid metabolism,
which may be advantageous for treating dyslipidemia. By preventing intestinal cholesterol absorption, plant
sterols and stanols, which are frequently found in herbal sources, have been proven to lower low-density
lipoprotein cholesterol levels (Demonty et al., 2009). Due to their high soluble fiber content and potential
impact on cholesterol production, fenugreek (Trigonella foenum-graecum) seeds have also been investigated
for their lipid-lowering benefits (Chevassus et al., 2010).

High blood pressure, often known as hypertension, is a significant risk factor for cardiovascular illnesses.
Herbal medicines have been investigated as potential blood pressure management therapies, providing a more
comprehensive approach to controlling this common illness.

Herbal Treatments for Blood Pressure Control: Some herbs have demonstrated potential for regulating
blood pressure. Attention has been drawn to garlic (Allium sativum) because of its conceivable
antihypertensive properties. Garlic contains a bioactive substance called allicin, which may help lower blood
pressure by relaxing and dilating blood vessels (Ried et al., 2013). Another herb that has been linked to blood
pressure-lowering benefits is hibiscus (Hibiscus sabdariffa), probably because of its diuretic effects and
capacity to inhibit angiotensin-converting enzyme (Haji et al., 1999).

Clinical Research and Support: Clinical research has examined the effectiveness of herbal therapies in the
treatment of hypertension. Garlic supplementation was linked to small drops in both systolic and diastolic blood
pressure, according to a meta-analysis of randomized controlled studies (Ried et al., 2018). Furthermore,
hibiscus tea has been shown in studies to significantly lower both systolic and diastolic blood pressure (Serban
et al., 2015). While thesc results are encouraging, more investigation is required to determine the long-term
efficacy and safety of herbal treatments for hypertension.
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Cardiovascular Examples of Medicinal
Activity Role of Herbal Mecdicine Plants Effects

Herbal remedies can help regulate blood
pressurc by promoting vasodilation,

Blood Pressure  reducing arterial stiftncss, and modulating Vasodilation,
Regulation the renin-angiotensin-aldosterone system.  Heawthorn (Crataegus spp.)  improved blood tlow.
Blood pressure
reduction,
Garlic (Allium sativum) vasodilation.
Certain herbs possess lipid-lowering
properties, aiding in the reduction of LDL
Cholesterol cholesterol levels and improving lipid Red Yeast Rice (Monascus LDL cholesterol
Management profile. purpureus) reduction.
Fenugreek (Trigonella Cholesterol-lowering
Joenum-graecum) i cffects.
Herbal antioxidants combat oxidative stress, |Antioxidant protection,
Antioxidant | reducing damagc to blood vessels and heart Green Tea (Camellia | improved endothelial
Support tissue. sinensis) _ function.

Anti-inflammatory,
Turmeric (Curcuma longa) | antioxidant effects.

Antiplatelet Some herbs possess antiplatelet effects, .
Activity reducing the risk of blood clot formation. 'Ginger (Zingiber officinale) | Antiplatelet properties.
Inhibition of platelet
L Ginkgo (Ginkgo bilaba) | aggregation.
Herbal remedies may support cardiac muscle '
Cardiac function and enhance cardiovascular Improved cardiac
Function performance. Hawthorn (Crataegus spp.) contractility.
Cardiovascular
Danshen (Salvia protection, improved
miltiorrhiza) circulation.
Certain herbs promote endothelial health, Endothelial protection,
Endothelial enhancing blood vessel function and Grapeseed Extract (Vitis | improved nitric oxide
Health reducing endothelial dysfunction. vinifera) production.
Endothelial function
Garlic (Allium sativum) improvement.

Table: Role of Herbal Medicine in Cardiovascular Activities

This table highlights the diverse contributions of herbal medicine to various cardiovascular activities. Herbal
remedies have been recognized for their potential in regulating blood pressure, managing cholesterol levels,
providing antioxidant support, influencing platelet activity, enhancing cardiac function, and promoting
endothelial health

Herbal Approaches to Cholesterol Management
Elevated cholesterol levels contribute to atherosclerosis and cardiovascular risk. Herbal approaches targeting
cholesterol reduction have gained attention as potential adjuncts to traditional therapies.

Cholesterol Reduction with Plant Sterols and Stanols: Studies have been done on the cholesterol-lowering
potential of plant sterols and stanols, which are naturally occurring chemicals found in plants. These substances
compete with cholesterol for intestinal absorption because of their structural resemblance. Plant sterols and
stanols help reduce blood cholesterol levels by decreasing cholesterol absorption (Demonty et al., 2009). Some
herbal extracts have showed potential in modifying lipid metabolism. These extracts also have lipid-lowering
effects. The naturally occurring statins found in red yeast rice (Monascus purpureus) extract are known for
their ability to reduce cholesterol. Red yeast rice extract has been shown to be effective in lowering levels of
both total cholesterol and low-density lipoprotein cholesterol in clinical trials (Halbert et al., 2010).

Fluid balance management using natural diuretics

Cardiovascular health depends on efficient fluid balance control. The potential of some herbal medicines, also
referred to as natural diuretics, to reduce fluid retention and encourage a healthy fluid balance has been
investigated.
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Dandelion (Taraxacum officinale) and Fluid Retention: Dandelion has historically been used as a natural
diuretic. Dandelion extract, according to studies, may increase salt and urine output, which would help to lessen
fluid retention (Clare et al., 2009).

Nettle (Urtica dioica), which has diuretic qualities, may improve fluid elimination and help maintain healthy
kidney function. According to (Caesarone et al. 2010), it is thought to stimulate urine production without
altering electrolyte balance.

Antioxidants from plants and heart protection

As oxidative stress plays a part in the development of cardiovascular disease, interest in the role of herbal
antioxidants in cardioprotection is developing.

Heart health and green tea (Camellia sinensis): Green tea includes catechins, strong antioxidants that may
have positive effects on the heart. Major catechin epigallocatechin gallate (EGCG), which has been
demonstrated to enhance endothelial function and lessen oxidative stress, supports heart health (Chacko et al.,
2010).

Resveratrol-Rich Herbs and Endothelial Function: Resveratrol, which is present in a number of plants,
including berries and grapes, has drawn interest for its anti-inflammatory and antioxidant properties. According
to (Sahebkar et al.,2013), it could improve endothelial function, consequently enhancing cardiovascular health.

Herbal Medicine for Stress Reduction and Cardiovascular Health
Stress plays a significant role in cardiovascular health, and herbal medicine offers potential avenues for stress
reduction, ultimately benefiting the cardiovascular system.

Adaptogenic Herbs and Cortisol Management: A group of herbs known as "adaptogens” aid the body in
coping with stress and preserving physiological homeostasis. For instance, Rhodiola rosea has been
investigated for its capacity to influence cortisol levels and improve stress resistance in order to modify the
stress response (Olsson et al., 2009). According to (Chandrashekhar et al.,2012), ashwagandha (Withania
somnifera) has also shown stress-relieving properties, possibly through cortisol regulation and neurotransmitter
modulation.

Mind-Body Approaches and Their Impact on Heart Health: Mind-body practices, including meditation,
yoga, and deep breathing exercises, have been associated with stress reduction and improvements in
cardiovascular. health.

Mindfulness Meditation and Stress Reduction: The practice of mindfulness meditation encourages present-
moment awareness, which might help people feel less stressed. According to studies, therapies focused on
mindfulness can lower blood pressure and enhance heart rate variability (Jain et al., 2007).

Yoga offers a holistic approach to stress reduction and cardiovascular health by fusing physical postures,
breath awareness, and meditation. According to (Cramer et al., 2018), regular yoga practice has been associated
to lower blood pressure, lowered stress hormone levels, and enhanced endothelium function.

Heart rate variability is a sign of cardiovascular health and stress resistance. Deep breathing techniques,
such as the practice of coherent breathing, can increase heart rate variability. It has been demonstrated that
coherent breathing, which uses slow, rhythmic breathing patterns, lowers tension and anxiety (Lehrer et al.,
2000).

Case Studies and Clinical Applications

Case studies and clinical applications provide valuable insights into the real-world effectiveness of herbal
interventions for cardiovascular health, showcasing patient experiences and outcomes.

Real-World Examples of Herbal Interventions:

Hawthorn for Heart Health: A case study involving a middle-aged individual with mild heart failure who
incorporated hawthorn extract as an adjunct to conventional treatment. The study explores improvements in
symptoms, exercise tolerance, and echocardiographic parameters (Pittler et al., 2003).
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Garlic and Blood Pressure Management: A clinical application detailing a patient with hypertension who
integrated garlic supplementation into their regimen. Blood pressure measurements, before and after the
intervention, demonstrate the potential antihypertensive effects of garlic (Ried et al., 2013).

Patient Experiences and Outcomes:

Personal Accounts of Stress Reduction: Patients share their experiences with mindfulness meditation and its
impact on stress and overall well-being. Narratives describe reduced anxiety, improved sleep quality, and
enhanced emotional resilience.

A Holistic Approach to Cholesterol Control: Individuals discuss their journey using herbal remedies like
plant sterols and stanols in conjunction with lifestyle changes to manage cholesterol levels. Changes in lipid
profiles and overall cardiovascular health are highlighted.

Incorporating Adaptogens for Stress Resilience: Patient testimonials explore the integration of adaptogenic
herbs, such as ashwagandha, into daily routines. Improved stress management, increased energy levels, and
enhanced mood are commonly reported outcomes.

Yoga and Heart Health: Patients share their progress in practicing yoga for stress reduction and
cardiovascular well-being. Anecdotes reveal lowered blood pressure, enhanced flexibility, and a sense of calm
and balance.

These case studies and patient narratives emphasize the multifaceted impact of herbal interventions on
cardiovascular health. They illustrate the potential of herbal medicine to complement conventional treatments
and enhance overall patient outcomes.

Conclusion

The exploration of herbal medicine's role in cardiovascular health unveils a captivating landscape of natural
interventions that can complement conventional approaches. From historical roots to contemporary research,
the chapters have delved into diverse aspects of herbal medicine's impact on the cardiovascular system.Herbal
remedies offer a unique set of mechanisms to support cardiovascular health. Through vasodilation and blood
pressure regulation, herbs like hawthorn, garlic, and Ginkgo Biloba exhibit their potential to promote optimal
circulatory function. The antioxidant and anti-inflammatory effects of herbs such as green tea and turmeric
contribute to reducing oxidative stress and inflammation, key factors in cardiovascular diseases. Moreover,
herbal interventions extend to lipid metabolism modulation. Plant sterols, stanols, and extracts like red yeast
rice emerge as promising tools for managing cholesterol levels, addressing a critical aspect of cardiovascular
risk.In the realm of heart rhythm disorders, herbs like hawthom and motherwort offer alternative pathways for
arrhythmia management, while adaptogenic herbs and mind-body approaches present strategies for stress
reduction. Patient experiences and case studies underscore the tangible impact of herbal interventions, offering
real-world examples of improved cardiovascular outcomes and enhanced well-being. As the chapters have
illuminated, the integration of herbal medicine into cardiovascular care is a dynamic and evolving field. While
promising, it's essential to approach herbal interventions with a nuanced understanding, considering safety,
interactions, and individual patient needs. By embracing the synergy between traditional herbal wisdom and
modern scientific inquiry, healthcare practitioners can harness the potential of herbal medicine to provide
holistic and personalized cardiovascular care.

In a world where cardiovascular diseases continue to pose significant challenges, the exploration of herbal
medicine offers a beacon of hope, showcasing nature's intricate contributions to a healthier heart and a more
vibrant life.
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CHAPTER

Potential use of microalgal
metallothioneins and
phytochelatins in bioremediation

Madhuri Deshmukh', Sampada S. Jangam? and Sagar B. Wankhede?
'Department of Zoology, Bharatiya Jain Sanghatana’s Arts, Science and Commerce College, Pune, Maharashtra, India;
2School of Pharmaceutical Sciences, JSPM University Pune, Pune, Maharashtra, India

1. Bioremediation

The advancement in technology and improved living standard of human beings creates a need of large
quantity of new materials as well as energies. These are responsible for the production of waste, results
into environmental degradation and destruction of natural environmental components (Mani & Kumar,
2014; Saha et al., 2021). Rapid growth in industrialization, urbanization, mining, and use of pesticides
and fertilizers for a prolong time are the primary sources of harmful and toxic pollutants such as heavy
metals (HMs), pesticides, microplastics, hydrocarbons, etc. (Emenike et al., 2018; Guo et al., 2020;
Rajendran et al., 2021; Xu et al., 2018). Bioaccumulation of these contaminants in food chain causes
serious damage to the ecosystem (Zerizghi et al., 2020) and having harmful effects on human body,
may lead to cancer, kidney diseases, atherosclerosis, hypertension, Alzheimer’s discascs, cardiovas-
cular diseases, etc. (Ahern et al., 2011; Bernhoft, 2012; Flora et al., 2012; Lee et al., 2017; Muszynska
et al.. 2015; Nawrot et al., 2006). The utilization of microbial source acting as an effective tool for
remediation of environment contaminated with toxic organic pollutants and heavy metals (Liu et al.,
2020). The bioremediation technique involves the use of microorganisms like microalgae and bacteria
to detoxify, transform, or remove HMs and toxic pollutants from environment (Cepoi et al., 2022;
Hadiani et al., 2018; Khan et al., 2019; Lopes et al., 2021). Nowadays, more preference is given to
these biological-based strategies over other physicochemical approaches, because its implementation
is easy and simple, applicable to large areas, more economic, reliable, and ecofriendly (Ashraf et al.,
2019). According to the study, cleaning of metal-polluted soils and chemical treatment costs around
100—500 USD per ton, whereas for bioremediation, it costs around 15—200 USD per ton (Meier et al.,
2012). Basically, bioremediation process is divided into “in-situ” and “ex-situ” strategies (Lombi &
Hamon, 2005). In “in-situ” process, bioremediation takes place at the contamination site, whereas in
case of “ex-situ,” the excavation of these contaminants is performed from its original site and treated
elsewhere (Das & Mukherjee, 2007). The “in-situ” bioremediation process includes bioventing, bio-
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sparging, bioaugmentation as well as biostimulation (Atlas & Phillip, 2005; Crivelaro et al., 2010;
Sharma et al., 2012; Thapa et al., 2012). The “ex-situ” process includes the techniques like land
farming, composting, biopiles, and use of bioreactors (Chatterjee et al., 2008; Chikere et al., 2011,
Soccol et al., 2003; Wu & Crapper, 2009). Both the processes are based on the principles biodegra-
dation, immobilization, biotransformation, removal, or decontamination of various environmental
pollutants by using microorganism and plant sources (Abatenh et al., 2017). The chemical contami-
nants are used by microbes as an energy source and are metabolized into useable energy via redox
reactions. The resulting metabolites and by-products are less harmful than original pollutants which
are releasing back to the environment (Nester et al., 2001).

2. Heavy metals and their hazardous effects

Heavy metals are considered as most threatening environmental contaminants (Gustin et al., 2021).
HMs are the elements with atomic number and density greater than 20 and 5 g/lcm?®, respectively (Ali &
Khan, 2018). These are categorized into three classes like toxic (a) HMs (e.g., Pb, Hg, Zn, Cu, As),
(b) precious metals (e.g., Ag, Pt, Pd, Au), and (c) radionuclide HMs (Th, U, Ra, and Am) (Wang &
Chen, 2009). HMs are also classified based on biological perspectives into essential as well as harmful
elements. Essential metals or metalloids are micronutrients obtained from plant and animals such as
Cu, Zn, Ni as well as Fe, but they can prove toxic above certain thresholds (Garcia-Garcia et al., 2016).
On the other hand, toxic elements are nonessential metals, considered to be toxic even at low con-
centrations (Asad et al., 2019; Ashraf et al., 2019). Nonessential HMs are having serious toxicities
toward microorganisms, plants, animals as well as human beings even at very less concentrations (Ali
et al., 2019). HMs are not biodegradable, and its toxicity and accumulation in soil and environment
attracted much attention worldwide (Kandziora-Ciupa et al., 2021). These can cause direct and indirect
effect on the growth of plant like injury to the root, decrease in concentration of carotenoid, necrosis,
chlorosis, inhibition of enzymatic activities, decrease in activities related to photosynthesis, and
nutrient imbalance (Hasan et al., 2017; Lewis et al., 2001; Mascher et al., 2002; Sachan & Lal, 2017;
Shaibur et al., 2009; Yadav. 2010). The bioaccumulation of HMs results into pass the food chains to
human beings causing serious and adverse effects on health. HMs can enter the human body by
ingestion, through food chain, drinking contaminated water, and contact with environmental con-
taminants. Its exposure for several years leads to the dangerous effect on the health of human beings
(Kumar et al., 2019; Njoga et al., 2021). However, exposure to HM continues and arising in some
regions (Jirup, 2003). The industrial and domestic waste disposal containing HM threatens the aquatic
organism and damage to aquatic ecosystem (De Filippis & Pallaghy. 1994). Hence, the treatment of
water contaminated with HMs becomes a global issue and research area of interest for scientists and
environmentalists. It becomes necessary to remove these contaminants from aquatic ecosystem as well
as industrial wastewater in order to protect environmental as well as human health (Denouche et al.,
2021). The use of traditional technologies (e.g., lime precipitation and ion exchange) to remove the
HM is often expensive and ineffective (Wilde & Benemann, 1993). So, it becomes essential for
searching the newer technologies for the remediation of HMs, which should be economic, effective,
and consistent, shall reduce the heavy metal concentration up to significant, and promising approach to
remove the HM contaminants (Fu & Wang, 2011; Sheng et al.. 2004).
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FIGURE 17.1

The mechanisms for detoxifications of heavy metals (HMs) from the soil using microorganisms.

3. Heavy metals detoxification mechanism

The HM accumulation in the cell leads to cell homeostasis disorders, causes damage to chloroplast and
pigments, affects the structure and function of DNA, and finally the cell destruction takes place by the
formation of reactive oxygen species (ROS) (Kumar et al., 2016). Microorganisms are playing
important role in detoxification process which can precipitate, sequester, biosorb with change in
oxidation states of different metals (Rizvi et al., 2020). The fundamental mechanism of detoxification
of HM involves their chelation in the cytosol by certain ligands like metallothioneins (MTs), phy-
tochelatins (PCs), organic acids, and amino acids which reduce the intracellular contents of HMs and
their phytotoxicity (Haydon & Cobbett, 2007). The microbial conversion of toxic metals into less toxic
takes place by using the microbial enzymes such as oxidoreductases, dioxygenases, and peroxidases
(Saba et al., 2021). The mechanisms involving utilization of microorganism for detoxification of the
HM from polluted soil is represented in Fig. 17.1.

4. Metallothioneins

MTs are metal-binding proteins characterized by Vallee et al. in the year of 1950. It is a product of
mRNA translation, characterized as cysteine-rich protein with molecular weight (6—7 kDa). The in-
duction of MTs in aquatic organism plays a role of significant biomarker for heavy metal toxicity as
well as bioaccumulation (Stillmann, 1995; Won et al., 2008). MTs play a significant role in essential
metal supply to the cells and carrying out the transport of harmful metals to other cell organelles
(Capdevila & Atrian, 2011). Basically, MTs are small proteins (<300 amino acids) consisting of some
aromatic residues (<10%) and high amount (15%—35%) of cysteine, which coordinate metal ions
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(Ziller & Fraissinet-Tachet, 2018). MTs are classified into four types, having tertiary type of structure
with metal-binding property is explained for type 4 plant MTs. Structurally type 4 plant MTs consist of
cysteine-rich shorter N-terminal acting as domain for metal-binding and long C-terminal domain
containing MTs (Leszczyszyn et al., 2013) along with shape having HM-MT complex varies as per
total numbers of cations present in bound form (Bell & Vallee, 2009). MTs consist of 15 distinct
families, and each family comprises evolutionary respective proteins present in organisms of similar
taxonomic groups. The nine conserved motifs which are cysteine rich are present across various MT
families like CCXCC, CXCXCXC, CCC, CCXC, CXCC, CXCXC, XCCX, CXC, and XXCXX. The
eukaryotic MTs are identified majorly in plants, ciliates, fungi, and metazoan (Ziller & Fraissinet-
Tachet, 2018). Most of the MTs obtained from eukaryotes of microorganisms are associated with
ciliates (e.g., Paramecium, Tetrahymena), Apusozoa (Thecamonas), and parasitic Apicomplexa (e.g.,
Theileria, Babesia) or Amebae (Entameba), as well as six types of microalgal genera (Thalassiosira,
Symbiodinium, Chlorella, and Aureococcus) include marine type of representatives (Balzano et al.,
2020). MTs are the molecules that chelate the toxic metals like Cd, and thus reduce the cytotoxic, free
metal ions concentration. Some of the MTs are involving in Zn as well as Cu homeostasis. The heavy
metals like Pb, Cu, Zn, As, Cd, Au, and Ag are responsible for inducing the class III MT biosynthesis
within several microalgae like Stichococcus bacillaris, Stichococcus tenue, and Stichococcus sub-
spicatus (Perales-Vela et al., 2006; Robinson, 1989).

5. Phytochelatins

PCs are cysteine-rich peptides with metal-binding properties consisting three amino acids: glutamate,
cysteine, and glycine, as well as sulfhydryl group of cysteine involves in metal sequestration
(Danouche et al., 2021). PCs are also referred as class Il MTs identified primarily in higher plants
(Cobbett & Goldsbrough, 2002). PCs are synthesized from vy-glutamylcysteine and the synthesis is
catalyzed by transpeptidase enzyme, PCs synthase, which needs posttranslational activation by heavy
metals (Chen et al., 1997; Grill et al., 1989; Hayashi et al., 1991; Torres et al., 2008). The biosynthesis
of glutathione (GSH) includes two reactions: y-glutamylcysteine formation from cysteine and glu-
tamic acid, the reaction catalyzes by enzyme glutamate-cysteine ligase (GCL) and glutamylcysteine
ligation with glycine to form GSH, the reaction is catalyzed by GSH synthetase (GSHS) (Musgrave
et al.. 2013). In the final step, GSH binds to other glutamylcysteine units to form PCs. PCs are able to
form a complex or chelates through thiol group present in cysteine residues side chain. HM cations can
coordinate up to four sulfide groups from one or more PCs within HM-PC chelates (Hirata et al., 2005).
Most of the metals and metalloids like Cu, Zn, As, Pb, and Cd can be helpful for the PC synthase
activation both in vivo as well as in vitro. Earlier PC production is reported within freshwater algae as a
response to heavy metals present in the mining water (Pawlik-Skowronska, 2001).

6. Use of microalgal metallothioneins and phytochelatins in
bioremediation
MTs are known as a superrich cysteine family present in cytosol, which is characterized by low

molecular weight gene-encoded proteins. These are metal-binding proteins having significant role for
controlling the intracellular concentration of metals with regular level. The majorly known MTs from
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microalgae belongs to Chlorella Symbiodinium, Aureococcus, Thalassiosira, Nannochloropsis, and
Ostreococcus genera (Balzano et al., 2020; Gaur & Rai, 2001). The microalgae that synthesize
enzymatically PCs rather than MTs in response to metal exposure. The synthesis of PCs in microalgae
strains is primarily identified in C. fusca on exposure to Cd(II) ions (Gekelar et al., 1988). From the
research, Hg—PCs are identified in C. sorokiniana with mercury exposure, and synthesis of PCs is
also found in Cu(ll)-treated Scenedesmus bijugatus and Pb(ID)-treated S. bacillaris (Gomez-Jacinto
et al,, 2015; Nagalakshmi & Prasad, 2001; Pawlik-skowron, 2002). Cd(I) is found to be a signifi-
cant stimulator of PC synthase in Chlamydomonas species. PC synthesis is majorly induced by Zn
present in Dunaliella species. The electron-dense material is found in vacuoles of green alga Ter-
raselmis suecica which is exposed to Cd(II) as well as diatom Skeletonema costatum that accumu-
lated Cu(II) and Cd(Il) (Abboud & Wilkinson, 2013; Nassiri et al., 1997; Perales-Vela et al., 2006;
Wang et al., 2017). In other study, three microalgae isolated from P. ambiguum, P. typicum, and S.
quadricauda, evaluated for the removal and tolerance of mercury, lead, and cadmium present in
aqueous solutions. It is reported that cytoplasmic metal concentration is minimized by the formation
of complex of metal ion with PCs in the form of metallo-iron, metallo-sulfur, or metallo-phosphate
chelates in the cytosol. These are carried into the vacuoles, where acidic pH displaces the metals and
allows peptides to return to the cytosol. This mechanism is referred as cellular protection or detox-
ification mechanism (Shanab et al., 2012).

1. Factors responsible for affecting bioremediation

The prime factor responsible for affecting bioremediation is site characteristic, and other factors viz.
pollutant bioavailability, amount of moisture, nutrient availability, pH, temperature, and amount of
water also affect the bioremediation efficiency (Leong & Chang, 2020). The type of contaminants and
the extent at which it is present in the location or site affect bioremediation. It can be managed by
sufficient prior investigation (Abatenh et al., 2017). The high temperature is responsible for the
destruction of bacterial cell metabolic activities and can affect the bioaccumulation process. However,
pH 6.5—8.5 is considered maximum potential bioremediation (Abatenh et al., 2017; Javanbakht et al.,
2014). Within cold environment, nutrient supply in required quantity increases the microbial metabolic
activities that results into rise in the rate of bioremediation. Moisture is also responsible for affecting
pollutant metabolism rate by influencing osmotic pressure of aquatic sites (Couto et al.. 2014). In case
of plant-based bioremediation, the factors for the selection of suitable plant include the root system,
above-ground biomass, and plant growth. For the growth and metabolism of microorganisms, the water
activity values should be 0.9—1.0, and most number of bacteria can grow with upper limit values of
water activity (Azubuike el al.. 2016; Sharma, 2019). The bioavailability of contaminant is controlled
by different process like diffusion, desorption, sorption, dissolution, etc. It can be managed by the
application of complexing agents like ethylene diamine tetraacetic acid (EDTA), citric, acetic, and
malic acid that form chelates with HMs with increase in bioavailability (Sarwar et al., 2017).

8. Strategic approaches in remediation

The first strategic approach in bioremediation is the use of immobilized microalgae and metals. It
is one of the significant approaches in detoxification and metal recovery process. It is reported that
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the total removal of Cu(Il) by calcium alginate gel immobilized C. vulgaris is higher than that of
agarose C. vulgaris system (Aksu, 1998; Hameed & Ebrahim, 2007). In order to increase the
specificity toward HM and microalgal metal-binding capacity, the transgenic approach is developed
for the use of microalgae for the treatment of heavy metals in wastewater as well as sediments. It is
characterized by enzymatic overexpression of which metabolic residues or products enhance the
effect of heavy metal-associated stress, heavy metal-binding proteins on the surface as well as in the
transgenic cells cytoplasm (Rajamani et al., 2007). Another approach in remediation is metal
desorption; algae are used as characteristic biological adsorbents in different restoration processes.
The metal that is sorbed on microalgal biomass is desorbed by using solution used for desorption and
by which allowing the reuse of biomass in multiple cycles of sorption—desorption (Lu et al., 2006).
Recycling of microalgal biomass is also a strategic approach in remediation in which flocculating
agent chitosan is used for microalgal recovery. The gel entrapment by the use of synthetic polymers
like polyacrylamides, polyurethanes, or natural polysaccharides like agar, alginate is also recom-
mended (Monteiro et al., 2012).

9. Metallothioneins and phytochelatins in heavy metal
phycoremediation

Phycoremediation is a type of bioremediation, related to the utilization of algae for removing or
mitigation of toxic pollutants (John, 2003). In this process, the HMs are removed from polluted water
as well as sediments by using microalgal ability to get incorporated into the metal cations from sur-
roundings. HM uptake process is driven with the use of electrochemical affinity which starts with the
adsorption of metal. Electrochemical affinity occurs within metal cations and groups of cell wall
polymers that are polar in nature. The dead microalgal biomass can also be used which prevents the
risk of contamination of ecosystem, particularly suitable for polluted environments in which the in-
hibition of microalgal growth takes place (Kumar et al., 2015; Anca et al., 2005). The accumulation
and intracellular transport of HMs in the particular organelles are regulated with use of MTs, PCs, and
different heavy metal-binding molecules like polyphosphates. The biosorption rate of HM can be
enhanced by adjusting the physicochemical conditions like pH, temperature to which microalgal
substrates as well as HMs exposure takes place; as increase in the bioaccumulation of HMs, the
scientist expressed recombinantly import-storage systems that consist of primary active transporters
and secondary carriers and channels (Diep et al., 2018).

10. Current developments in hioremediation and other applications

Bioremediation is one of the promising and innovative techniques of waste management which use
living organism for the removal or neutralization of contaminants (Mosa et al., 2016). Phytor-
emediation is the efficient, cost-effective, solar-powered, and green alternative technology which is
also called as green remediation, botanoremediation, or agroremediation related to use the plant to
transform, reduce, extract or immobilization of contaminants present within soil, sediment as well as
groundwater (McGrath et al., 2001; Ullah et al., 2015). Another technology of bioremediation includes
phytoextraction, phytostabilization, phytovolatilization, phytotransformation, and phytofiltration.
Phytoextraction is also called as phytoaccumulation which is related to the use of hyperaccumulating
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plants which are responsible for the uptake of metal from soil with the use of its roots and accumulate
them in its aerial part (Oladoye et al., 2022). Phytostabilization is also an emerging technology that
refers to use plant to immobilize soil contaminants through adsorption on or precipitation in root zone
(DalCorso et al., 2019). Phytovolatilization is related to the uptake of toxic soil contaminants by plants
and its transformation into the volatile products, followed by their discharge in environment (Ali et al.,
2013). Phytotransformation or phytodegradation is restricted to eliminate the organic contaminants as
heavy metals are nonbiodegradable (Singh et al., 2018). Phytofiltration technique consists the process
of elimination of organic as well as inorganic pollutants from the water with aid of plant roots (rhi-
zofiltration), plant shoots (caulofiltration), or seedlings (blastofiltration) (Hakeem et al., 2020). The
nanoparticles are having special characteristic that includes improved process of catalysis and
adsorption with increased reactivity. Recently the microorganisms and its extracts are proved to be
promising, ecofriendly catalysts for engineered nanomaterial. The combination of nanotechnology and
bioremediation is called as nano-bioremediation which is more ecofriendly, safe, more economic, and
green (Hidangmayum et al., 2022).

11. Future technologies in bioremediation

Biotechnological interventions which primarily include the genetic engineering, for example, various
steps which are rate limiting in known pathways of metabolism can be altered and genetically
manipulated in order to increase the rate of biodegradation or by the introduction of completely newer
pathways of metabolism in microorganism for high amount of HMs accumulation. The study related to
hologenomics of microorganisms from plant source which assists for the manipulation of microbial
niches helps to increase in resistance against the harmful contaminants. Though there are various
technologies available for bioremediation, there is need to develop more suitable ecofriendly tech-
nology for the treatment of the multistressed and multimetal-contaminated soil (Saha et al.. 2021).
Metagenomic perspectives shall also be focused on microbial evolution during the process of biore-
mediation (Raklami et al.. 2022).
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