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Elementary Education in Maharashtra
Dr. Amol S. Kamble

Mr. Sagar R. Kundale
Dr. Patangrao Kadam Mahavidyalaya,

Ramanandnagar (Burli) Maharashtra, India

1. Introduction : Education is one of the most important social infrastructural
facilities for the development of human resources and essential for promoting the
economic growth of the country. It is important in the sense that it is crucial input for
empowering people with skills and knowledge and giving access to productive
employment in future. Accessibility of educational facility is not only expected to
enhance efficiency but also improve the overall quality of life of human being.
Equitable and inclusive education is sustainable development goals for education.

The provision of universal primary education is an effective anti-poverty
measures that promote equity. People are poor because they lack skill
entrepreneurship. Article 45 of the constitution stipulates that the state shall
endeavorto provide free and compulsory education for all children until they complete
the age of 14 years within a period of ten years from the commencement of the
constitution. However the task of providing basic education to all, with concrete
plans of action gained greater momentum only after the national policy of education
in 1986, revised in 1992 with the world declaration on education for all adopted in
Jometin in 1990. Basic education, child care education, the elementary education,
education to adolescents, adult education, gender equality and quality improvement
have been the focus of international attention. These international developments
within the country brought the need for recognizing basic education as fundamental
right of every citizen on priority basis. The 86th Constitutional Amendment of 2002
led to inclusion of a new article 21-A in part III of the Indian constitution that made
free and compulsory education to all children of 6 to 14 years of age. It is imperative
to give good quality of elementary education to all children in the age group of 6 to
14 years. Policies and program in this direction are also necessary for achieving the
goal of education under the Millennium Development Goals as well as need
commitment under the National Common Minimum Programme for increasing public
expenditure on education to 6 percent at the national level.

The Sarva Shiksha Abhiyan was launched toward the end of the Ninth Plan
to achieve the goal of universalization of elementary education through guided by
five parameters such as i) Universal Access ii) Universal Enrolment iii) Universal
Retention iv) Universal Achievement and v) Equity. The aim of the programme
was to provide elementary education to all children’s in the 6 to 14 age group. It
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Problems of Sugarcane Farmers of River Banks
in Palus Tahsil, Maharashtra

Mr. Maske Satish Ashok
Assistant Professor

Dr. Khade Ashok Shrirang
Associate Professor & Head of Dept.

Ms. Madavi Asha Budharam
Dr. Patangrao Kadam Mahavidyalaya,

Ramanandnagar (Burli)

Introductions: Mainly since the establishment of Maharashtra, Sangli
district is known as the leading district in sugarcane production. A large amount of
sugarcane has been produced from alluvial soils along the banks of rivers in Sangli
district. Co-operative sugar factories located in Sangli district depend on this
sugarcane producer. Sugarcane growers are the primary source of raw material to
the sugar factory. This is the second pillar of the sugar industry. The prosperity of
the sugar industry depends on the regular and continuous supply of sugarcane during
the harvest season. Although the farmers have a stake in the factory, they have
many options to supply sugarcane for the mill. A farmer is always aware of the
production and income of the farm, because they have invested heavily in sugarcane
cultivation. The factory should maintain good relations with the farmers to achieve
the highest target of sugar production. Sugarcane growers have some problems
with sugar mills. This study focuses on the life and work of sugarcane farmers. He
expects that first priority should be given to farmers. The factory should implement
a welfare approach for the development of farmers.

Review of Literature:
1) Jha T.N. Viswanathan K.U. (1999), published an article entitled

“Problem and Prospects of Agricultural Development in Bihar”. In this paper he
has observed the relation between irrigation and crop diversification in Bihar state.
Formation of irrigation latent involves personal and public investment. As a natural
consequence, the farmer will not only make good use of irrigation, but will also
use it in agriculture, which increases farm income

2) Patil P.V. (2002), his thesis is on “Geographical Analysis of Agricultural
Technology in Sangli district”. He analyzes the changes in farm technology and
technical equipment is inevitable as to how changes in agriculture are done.

3) S.T. Arote and Dr.S.M. Lawande (2011), studied the “Agricultural
Problems and Prospects of Yeola Taluka”. his emphasis on agriculture problems
in Nashik district of Maharashtra and Prospectus in Yeola Taluka. They said that



Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



ISSN 0975-735X 2023  391



Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



ISSN 0975-735X 2023  493

Effect of bath temperature on
the characteristics of Zinc Oxide

Dr. Gauri. R .Patil,
Department of Physics

Dr.Patangrao Kadam Mahavidyalaya,
Ramanandnagar, Burli, Maharashtra, India

Introduction : From existing various nanoforms of ZnO, nanorod is such a
morphology that has received a great deal of attention in recent years, because of
its unique optoelectronic, mechanical, magnetic and chemical properties provide
various potential applications [1]. Zinc oxide (ZnO) possesses variety of
nanostructures and it is the next most important material after carbon nanotubes
[2]. Various chemical and physical deposition techniques have reportedly created
an oriented structure of ZnO nanorods with average diameters typically ranging
over an order of magnitude from 20 to 200 nm. For instance, catalytic growth via
the liquid-solid-vapor epitaxy (VLSE) mechanism [3], metal-organic chemical
vapor deposition (MOCVD) [4], pulsed laser deposition (PLD) [5] and epitaxial
electrodeposition [6] have been particularly successful in creating highly oriented
arrays of nanorods of ZnO. Out of these, Chemical Bath Deposition is a soft
chemical method to deposit ZnO nanforms. However the coating of a substrate
with nanosized ZnO seeds [7] or making use of templates [8] are the prerequisite
conditions for the growth of vertically aligned ZnO nanorods.

     In the present work, we are particularly successful in creating vertically
aligned ZnO nanorod arrays by varying bath temperature. The strategy to design
nanostructured thin film is entirely based on a wet chemical, bottom up approach;
such an approach does not require any template, membrane, surfactant or applied
external field to create nanoparticles or to control their orientation.

Experimental Details :  An aqueous solution of 0.08 M Zn (NO
3
)

2
 was

prepared, and to this solution aqueous NH
3
 solution was added under constant

stirring to maintain the Ph of the solution. A white precipitate was initially observed,
which subsequently dissolved upon further addition of NH

3
 solution. The solution

was maintained at a pH -10.30 by addition of excess NH
3
 solution. A pre-cleaned

glass substrate was immersed and placed vertically in the solution. The bath
temperature was 60°C, 70°C, 80°C and 90°C. The substrates, with the deposited
ZnO nanorods, were thoroughly washed with deionized water to eliminate residual
salts [9]. These films were annealed with variation in temperature from 200ºC–
300ºC for 2 h and used for the further characterization. A Philips Japan MPD 1880
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X-ray powder diffractometer was employed to study the crystal structure of the
films. Surface morphology of the films was examined by scanning electron
microscopy, SEM (JEOL, 15 kV). A Shimadzu double beam spectrophotometer
was employed for obtaining transmittance in the wavelength range of 350–900
nm and to evaluate the direct band gap energies.

Results and Discussion : In chemical method, the small degree of
supersaturation causes the heterogeneous nucleation of the metal oxide on the
substrates [10]. For Zn2+ aqueous solution, the necessary condition for the formation
of precipitation is the establishment of ion product higher than solubility product
of Zn (OH)

 2
. The supersaturation can be controlled by optimizing the preparative

parameters such as bath temperature, pH and concentration of resultant solution,
to get nanocrystalline thin films. For the depositon ZnO, the mechanism of ZnO
film formation can be elucidated as follows: Zn (NO

3
)

2
 was used as a source of

Zn2+ ions. When ammonia was added to it, white precipitate of Zn(OH)
2
 was

occurred, further addition of ammonia resulted in to dissolution of Zn(OH)
2
 in to

the solution and formation of zincate ([Zn(NH
3
)

4
]2+). The thermal decomposition

of [Zn(NH
3
)

4
]2+ releases ions of Zn2+ ions reacts with OH” in the solution and results

in the formation of Zn(OH)
2
 or ZnO particles. As a result, the growth along the

(002) plane has faster growth rate than that along other directions. This polarity
causes the (002) face of the crystal either positively or negatively charged. In either
case, surface will attract ions of opposite charges (O2- or Zn2+) to it, and this new
surface covered with ions will in turn attract ions with opposite charges to cover
the surface next and thereby reacting to form ZnO nanorods [11].

Fig 1: Thickness of ZnO thin films deposited at different bath temperature.
             The thickness of the ZnO film was measured by weight difference
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method using sensitive microbalance. Thickness of ZnO films annealed at various
bath temperatures was measured by the gravimetric weight difference method.
The density of the deposited material is assumed to be the same as that of the bulk
material (ñ = 5.675 g/cm3 for ZnO films [17]. Fig. 4 shows the variation of ZnO
film thickness as a function of the bath temperature. The thickness increase when
the bath temperature increases.

Fig 2- (a) X-ray diffractograms of ZnO thin films deposited at different
bath temperature (60°C, 70°C, 80°C, 90°C).(b)Resolved (002) peak

Fig 3-SEM images of ZnO samples prepared at 80°C, and 90°C bath
temperatures respectively

The XRD technique was used to confirm the nanostructures synthesized
by CBD. The structure of the Films was studied using X-ray diffractomerty. Fig.2
Shows the X-ray diffractograms of ZnO thin films deposited at different bath
temperature (60°C, 70°C, 80°C, 90°C). The XRD analysis revealed that the deposited
Films were polycrystalline with well defined peak oriented along the (002) plane.
Other orientations corresponding (100) and (101) are present with very low relative
intensities as compared to that of (002) plane.  This shows that grain growth, is
strongly oriented along c-axis of the wurtzite structure ZnO (PDF 79-206, a = 3.2499
Å and c = 5.2065 Å), perpendicular to the substrate surface [12].The ZnO nanorods
prepared at reaction temperature of 80°C displays the strongest (002) diffraction
peak, revealing that nanostructures possess well-aligned growth along the c-axis
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direction. Similar results of temperature effect on the growth orientation have been
reported for ZnO nanorods. [13].Fig.3 shows the surface images of ZnO samples
prepared at 80°C, 90°C bath temperatures respectively. From fig 3 (a) it is seen at
80°C nanorods seems to be hexagonal with uniform orientation.

Fig (4) The optical properties of ZnO thin films prepared at various bath
temperatures were investigated from variation of optical absorbance with
wavelength. From fig 4 it is seen that the band gap is decreased from 3.23 -3.16 eV
[14]. A blue shift in the absorption edge of ZnO could mainly be attributed to the
Burstein–Moss effect, [15]

Fig 4- The band gap spectra of ZnO thin films prepared at bath temperatures
60°C, 70°C, 80°C, 90°C.

Conclusions : Zinc Oxide thin films are prepared on glass substrates by the
CBD technique. There is a good agreement between XRD, SEM, and optical results.
These studies show that the bath temperature contributes noticeably to the growth
and to the structure of deposited films. The thickness increases as bath temperature
increases. The band gap is found to be increased from 3.11 to 3.16 eV.
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Introduction: The novel Tracks argue that the space between the Native
and Western world’s demands re-conception of home. It also suggests a type of
warning to Natives who lose their connections to land, family, culture, language
i.e. home. Home is not just a restoration but its power should not be transgressed,
or the price of it may be too dear. Louise Erdrich’s novel emphasizes the undeniable
link between culture, place, heritage, people, imagination and time. Evers continues,
‘By imagining who and what they are in relation to particular landscapes, cultures
and individual members of cultures form a close relation with those landscapes.

The present novel relates the consequences of Fleur Pillager’s selfish quest
for revenge on the man named John James Mauser who stole her land. In order to
enter Mauser’s residence to kill him, Fleur changes her appearance as a maid in
need of work. She is successful in this initial task. Her desire to make Mauser
suffer all the more, ironically, ends with her accepting Mauser’s an emotional
request for life. She offers to take her as his new wife. Her decisions are distinct
disadvantages to her, her family, and community. Fleur’s temporary stay leaves
her an alcoholic, daughterless, and the mother of Mauser’s mixed-blood, mentally
deficient son. Only in coming home does Fleur survive the ordeal, some pieces of
her life never return.

In Tracks, Natives negotiate the conflicting forces of Native and Western
ideologies to ensure their cultural, social, and economic survival. Tracks portray
home theme in its most traditionally Native sense. The plot centres on the seemingly
hopeless fight to keep Pillager and Kashpaw homelands. This struggle is worsened
by in-clan fighting and the eventual split of mixed-blood families as Morrissey
and Lazarus who wish to sell their lands.

John Gamber have done much to argue similar points, it is also beneficial
to view Erdrich’s Tracks in light of Edward Said’s understanding of Poetics of
Space. Said contends ‘The objective space of a house its corners, corridors, cellar,
rooms are far less important than what poetically it is endowed with, which is
usually a quality with an imaginative or figurative value we can name and feel’.
Erdrich’s Tracks is the creation of the world and its people with such fidelity and
power that they become part of the common memory. Place, Imagination, people,
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Cryptocurrency and Bitcoin : Future Works,
Opportunities and Challenges
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Ramanandnagar (Burli). Tal. Palus, Dist. Sangli.

Introduction : First and foremost, Bitcoin was the world’s first
Cryptocurrency as well as its first digital money in the 21st century. They are in
great demand as there is no central authority or government to oversee them, which
is why they are in high demand. Because they are virtual, they cannot be taken by
a law enforcement entity in the same way that cash can. Unlike fiat currencies, the
transactions are safe and unaffected by manipulation, offering you piece of mind.
According to others, it’s going to be the next breakthrough technology, after the
internet, and it’s going to give birth to a worldwide currency.  Cryptocurrency
transfers generally require transmitting bitcoins that are priced according to market
conditions. If you’re accustomed with fiat money, you may think of Bitcoin as a
gold standard for electronic tokens that have no underlying commodity to sustain
their value. Since Bitcoins are housed in an electronic wallet or electronic address,
they cannot be physically touched or carried about manner traditional money can.
A bitcoin’s worth is defined by its usage and applications, not its intrinsic value.
The larger the demand, the bigger the supply. Since there are a limited quantity of
Bitcoins in circulation, a spike in demand equates to an increase in price. There
are payment system elements to a Bitcoin protocol, facilitating the transfer of money
value between parties to a deal. Instead of transferring national or international
currencies such as the Indian rupee or the United States dollar, the process of transfer
is based on monetary worth.

Research Methodology : This research paper is studied on the basis of
secondary data collected from various articles, journals, books, newspapers and
internet related to bitcon and crypto currency.

Objective of the Study :
1. To study bitcoin and cryptocurrency application and challenges
2. To study improvement and future work on cryptocurrencies
3. To study legal status of bitcoin in India
4. To study advantages and disadvantages
5. To study opportunities and challenges of bitcoin in India
Bitcoin and Cryptocurrency- Applications and Challenges
As the first Cryptocurrency and the digital money of the 21st century, Bitcoin
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Representation of Inhumanity in
Manjula Padmanabhan’s Lights Out
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Ramanandnagar (Burli)

In the history of Indian English drama, there are few women dramatists,
and Manjula Padmanabhan is one of them. She (born 1953) is an Indian playwright,
journalist, comic strip artist, and children’s book author.  Even though, her writing
revolves around women centric issues like gang-rape, dowry-deaths,
marginalization, violence against women etc., she never calls herself as a feminist.
Her play Lights Out (1984) delineates violence against females through the real
incident of gang rape that took place in Santa Cruz in Mumbai in 1982.

India experiences brutalities against women every day. This underlines that
women are not safe in this Indian patriarchal society. The experiences of inhumanity,
fear, insecurity, and violence threaten women’s existence on this land. The story
introduces the middle class couple, Leela and Bhaskar, who lives in an affluent upper
floor. One woman in the nearby under construction building is being raped day by
day. Instead of taking strong action against it, and punishing the rapist, Leela’s husband
and even other members do not do anything to stop that unbearable crime. This so-
called high profile educated society is busy only in passing opinions and making
judgments.  Throughout the play, Leela suffers a lot due to a traumatic experience of
violence. She feels insecure and threatened, and urges for help. Unfortunately, nobody
helps her. This underlines the inhumanity and hypocrisy of the society.

The present paper is an endeavour to study the play in the perspective of
representation of inhumanity. The drama throws light on the paralysed society. It
examines the conflict between expectations from others and evading one’s own
responsibilities.

Representation of Inhumanity in Manjula Padmanabhan’s Lights Out
Light’s Out is a realistic play about a disgusting subject that is a gang rape.

The play artistically throws light upon the darkness in Indian society. Caste
discrimination, gender discrimination, corruption are like cancers of the socio-
political growth. Among them the gender discrimination has suppressed and
oppressed women’s freedom, happiness and rights. Domestic violence, dowry
deaths, acid attacks, fire burning, sexual assaults, kidnapping, abduction, indecency,
insult to modesty, rape, and many more are the various crimes against women.
Among them rape is the fourth most common crime against women in India.
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Introduction: In recent years, there is a great deal of interest in implementing
sensing devices so as to improve environmental and safety control of toxic and
inflammable gases [1]. There is also an immense need for the development of gas
sensors which have numerous applications in automotive and industrial
manufacturing, medical diagnostics and health care, defense and security, detection
of harmful gases in mines, grading of agro-products like coffee and spices, in
packaging quality control, in weather stations, etc.The solid state gas sensors work
on the principle of change in physical and/or chemical properties of their sensing
materials when exposed to different gas atmospheres. Taking into account that the
sensing phenomena mainly take places on the material surface, the surface
morphology has an essential role on the sensitivity of solid state sensor. In the last
years, the nanograined materials offer new opportunities for enhancing the
properties and performances of gas sensors. Several research reports have
confirmed the beneficial effect of nanostructure on the sensor performance [2].

Gas sensors have a great influence in many areas such as environmental
monitoring, domestic safety, public security, automotive applications, spacecraft’s,
houses and sensors networks. Detection is necessary in different fields such as
industrial emission control, household security, vehicle emission control and
environmental monitoring [5]. The semiconductor gas sensorshave got remarkable
position in science and technology than other gas sensors, due to its low cost, gives
fast response behavior, low response to environmental humidity, long term stability,
non-expensive and low-maintenance devices using modern technologies [6]. The
literature survey reports response of ferrites as sensors towards various gases. Gopal
Reddy reported nickel ferrite exhibiting good response towards chlorine. Mulla
and co-workers synthesized zinc ferrite which gives sensitivity towardsH

2
S gas.

Recently, Xiang feng synthesized nanotubes and nanorodes of nickel ferrite using
a hydrothermal method that was found to be sensitive to wards triethylamine. Most
of the researchers have focused on detection of LPG, SO

X
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, NO

X
 and NH

3

because of their toxicity, their relation with atmospheric composition or to their
high levels in some environments. Organic vapours such as methanol, acetone
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Introduction :  When a light source interacts with a material’s surface (i.e.
semiconductor materials) the process or activity known as “photocatalysis. For this
process, at least two processes must occur at the same time; an oxidation reaction
using photogenerated holes and a reduction reaction using photogenerated electrons.
The photocatalyst species itself should not alter in any way while the process is
underway, hence the two aforementioned processes must precisely synchronize at
the same time. Earle 1972, Fujishima and Honda are recognized as the pioneering
scientists who successfully accomplished electrochemical photocatalysis of water
at a semiconductor electrode.1 Subsequent research revealed that TiO

2
 (titanium

dioxide) aids in the breakdown of cyanide in water, which in turn led to an increase
in interest in the material’s potential environmental uses.

Fig,1- Basic reaction mechanism of photocatalysis
The decomposition of various pollutants and improvement of atmospheric

quality are both possible in a real-world setting through the effective and practical
application of photocatalysis. As a result, the building and construction sector can
employ the photocatalysis process to enhance indoor air quality. With the aid of
doped or undoped nanostructure materials, possible photocatalytical applications
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Introduction : The primary goal of the current study is to gather data on
the plants that the Gond and Mana, a primitive tribal population in Maharashtra’s
District Gondia, have traditionally used. Since ancient times, people have employed
plants in traditional medicine. There are several therapeutic plants in India. Floristic
wealth abounds in the nation’s herbal treasure. The study of how people and plants
interact to produce medicine, food, shelter, clothes, fuel, fodder, and other
household needs is known as ethnobotany (Balick, 1996). It discusses the
relationships that exist between the local population and the native vegetation.
The goal of ethnobotanists is to investigate the various uses of these plants,
including food, clothing, shelter, fodder, fuel, and furniture, as well as the
connections between the medical properties of these plants and other traits of the
plant species. They employ anthropological techniques to comprehend and gather
information about important plants (Ram et al., 2004). Central India is among the
regions in India where a significant portion of the population consists of forest
dwellers and tribal people (Jain, 2010; Mishra et al., 2010).Their study uncovered
a wealth of lesser-known plant applications as well as fascinating information
regarding ethnomedicinal plants. Herbal medicine has long been used in various
regions of Maharashtra, particularly in the Gondia District, to cure a wide range
of ailments. Thus, in order to gather data that could be helpful for future research
on the medicinal plants of Maharashtra’s Gondia district, an ethno-medical study
was conducted. There are numerous tribal communities in the state of Maharashtra
that are home to people from different ethnic backgrounds. These forest inhabitants
have extensive knowledge of many facets of plants and reside in forests. Gondia
district is an administrative district in the state of Maharashtra, India. The district
headquarter is located in Gondia. The district is part of Nagpur Division. Gondia
district lies at latitudes 20.39 and 21.38 north and longitudes 79.27 to 80.42 east
(Chaturvedi R. and Rokde, 2017). Gond and Mana are the major tribal communities
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Introduction : Soybean [Glycine max (L.) Merrill] is one of the most
important crops in India in terms of production, profitability and national income.
Use of fungicide in seed treatment of soybean has the aim to protect the seeds and
seedlings from root rot disease which can severely affect crop establishment and
yield. Root rot defined as the anoxic condition in the soil around the roots of plant
cause them to rot  by soil borne pathogens such asFusarium spp.,Phytophthora
spp.,Pythium spp.,Rhizoctonia spp. Soybean crops are amenable to attack by
several pathogens, causing stringent losses in soybean crop production and quality.
Root rot is one of the catastrophic disease of soybean caused by
Fusariumsps.Soybean crops are vulnerable to root diseases caused by various soil
borne fungi, which include Fusariumspp and Pythium spp. andPhytophthoraspp
and Rhizoctonia spp. In the present paper deals with detection of root rot disease
and isolation and identification of plant pathogens for curtailing the loss of yield.

Material and Methods
2.1 Source of diseased plants : Soybean crops parading ordinary symptoms

of root rot were collected from different localities from Satara district.(Khatav,
Karad,Koregaon, and Dahiwadi) during kharif or wetseason in 2022.

2.2 Isolation, purification and identification of soybean root rot
pathogens : Soybean crops parading ordinary symptoms was collected and brought
to research laboratory. Small pieces were surface-sterilized in 1 % sodium
hypochlorite solution for 2 min, then washed in sterile distilled water for 4 min.
Small pieces were dried between layers of sterile filter papers and were transferred
to Czapek’sDox Agar medium in Petri dishes, where dishes were incubated in
incubator at temperature 23±2 ÚC for 2-4 days. The obtained fungal colonies were
purified using hyphal tip techniques on Czapek’sDox Agar (CDA) medium in Petri
dishes where dishes were incubated in incubator at temperature 25±2 ÚC for 10-
14 days. Stock cultures were maintained on CDA slants and kept in a refrigerator
at 5 ÚC till use. Identification of the isolated fungi were carried out based on
microscopic and culture characteristic for Fusarium spp.However, pathogenicity
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Introduction : The primary goal of the current study is to gather data on
the plants that the Gond and Mana, a primitive tribal population in Maharashtra’s
District Gondia, have traditionally used. Since ancient times, people have employed
plants in traditional medicine. There are several therapeutic plants in India. Floristic
wealth abounds in the nation’s herbal treasure. The study of how people and plants
interact to produce medicine, food, shelter, clothes, fuel, fodder, and other
household needs is known as ethnobotany (Balick, 1996). It discusses the
relationships that exist between the local population and the native vegetation.
The goal of ethnobotanists is to investigate the various uses of these plants,
including food, clothing, shelter, fodder, fuel, and furniture, as well as the
connections between the medical properties of these plants and other traits of the
plant species. They employ anthropological techniques to comprehend and gather
information about important plants (Ram et al., 2004). Central India is among the
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dwellers and tribal people (Jain, 2010; Mishra et al., 2010).Their study uncovered
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regions of Maharashtra, particularly in the Gondia District, to cure a wide range
of ailments. Thus, in order to gather data that could be helpful for future research
on the medicinal plants of Maharashtra’s Gondia district, an ethno-medical study
was conducted. There are numerous tribal communities in the state of Maharashtra
that are home to people from different ethnic backgrounds. These forest inhabitants
have extensive knowledge of many facets of plants and reside in forests. Gondia
district is an administrative district in the state of Maharashtra, India. The district
headquarter is located in Gondia. The district is part of Nagpur Division. Gondia
district lies at latitudes 20.39 and 21.38 north and longitudes 79.27 to 80.42 east
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Introduction: Nanoparticles are tiny particles with dimensions in the
nanometer range, typically between 1 and 100 nanometers. They can be composed
of various material, including metals, semiconductors, polymers, and organic or
inorganic compounds.1 The unique properties of nanoparticles arise from their
small size, which leads to a high surface area-to-volume ratio and quantum effects.2

Key Characteristics of Nanoparticles:
1. Size: Nanoparticles are extremely small, often on the scale of atoms and

molecules, ranging from 1 to 100 nanometers.
2. Surface Area: Due to their small size, nanoparticles have a high surface

area relative to their volume, which makes them highly reactive and useful for
various applications.

3. Quantum Effects: At the nanoscale, materials exhibit quantum effects
that differ from the properties observed in bulk materials. These effects can include
changes in optical, electronic, and magnetic properties.

4. Versatility: Nanoparticles can be engineered to have specific properties
by manipulating their size, shape, and composition. This versatility makes them
valuable in a wide range of applications.

5. Interactions: Nanoparticles can interact with biological systems, tissues,
and cells in ways that larger particles or bulk materials cannot. This property is
exploited in various fields, including medicine and biotechnology.3

Objectives:
• Provide an overview of major nanoparticle synthesis methods.
• Explore recent advancements in nanoparticle synthesis techniques.
• Discuss the potential applications of nanoparticles synthesized through

different methods.
Challenges and Concerns:
1. Toxicity: The potential health and environmental impact of nanoparticles is

a concern, especially when they are used in consumer products or medical applications.
2. Regulation: Due to the unique properties of nanoparticles, regulatory

frameworks may need to be adapted to address their specific challenges and ensure safety.
3. Ethical Considerations: The ethical implications of using nanoparticles
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Introduction: In recent years, there is a great deal of interest in implementing
sensing devices so as to improve environmental and safety control of toxic and
inflammable gases [1]. There is also an immense need for the development of gas
sensors which have numerous applications in automotive and industrial
manufacturing, medical diagnostics and health care, defense and security, detection
of harmful gases in mines, grading of agro-products like coffee and spices, in
packaging quality control, in weather stations, etc.The solid state gas sensors work
on the principle of change in physical and/or chemical properties of their sensing
materials when exposed to different gas atmospheres. Taking into account that the
sensing phenomena mainly take places on the material surface, the surface
morphology has an essential role on the sensitivity of solid state sensor. In the last
years, the nanograined materials offer new opportunities for enhancing the
properties and performances of gas sensors. Several research reports have
confirmed the beneficial effect of nanostructure on the sensor performance [2].

Gas sensors have a great influence in many areas such as environmental
monitoring, domestic safety, public security, automotive applications, spacecraft’s,
houses and sensors networks. Detection is necessary in different fields such as
industrial emission control, household security, vehicle emission control and
environmental monitoring [5]. The semiconductor gas sensorshave got remarkable
position in science and technology than other gas sensors, due to its low cost, gives
fast response behavior, low response to environmental humidity, long term stability,
non-expensive and low-maintenance devices using modern technologies [6]. The
literature survey reports response of ferrites as sensors towards various gases. Gopal
Reddy reported nickel ferrite exhibiting good response towards chlorine. Mulla
and co-workers synthesized zinc ferrite which gives sensitivity towardsH

2
S gas.

Recently, Xiang feng synthesized nanotubes and nanorodes of nickel ferrite using
a hydrothermal method that was found to be sensitive to wards triethylamine. Most
of the researchers have focused on detection of LPG, SO
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because of their toxicity, their relation with atmospheric composition or to their
high levels in some environments. Organic vapours such as methanol, acetone
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The main aim of yoga is integrating the body, mind, and thoughts so as to
work for good ends. Modern life style leads to diseases, which are mostly due to
poor food habits, heavy daily routines and to air and water pollution in turn easily
affect the human body. That means growth for all parts of ourselves, not just for
our bodies. We create unity between our hearts and our choices.The Three Pillars
of Human Life That Yoga Nourishes i.e. Mind, Body and Spirit. Yoga means
unity.Yogais essential for healthy life, for relief the stress, leave away from disease.
Yoga meansPranayama, Shirshasan, Shavasan, sitting yogasane, standing
yogasane.It refreshesthe mind and body.Theimportance and benefitsof yoga is for
everyone in human life.Health is Wealth.

Yogais an important part in human life. In the 21st century, we face the number
of stressful events in our daily life. So, there is a need to get relief from all such
stressesand tension. By the help of physical exercise and yoga, we can get the
energy for internal and external physical fitness. We should give some time
tomaintain our body. It makes our life happy and healthy. It increases our stamina
and becomes our mood fresh. Yoga had its importance in the ancient time also.

Yoga can help to address any muscular imbalances, lengthening tight areas
and strengthening weak areas. Our posture can often deteriorate as we age, in a large
part due to our habitual movement patterns during the day. For instance if you spend
a long time working at a computer, you may find yourself vulnerable to slumping
with rounded shoulders. Over time the back muscles become weak, and the chest
muscles become tight, exacerbating the rounded posture. Yoga can help you to stretch
out the chest and strengthen the muscles of the back. It can also make you far more
aware of your body and posture, so that you find yourself automatically self-correcting
to come into a healthier alignment throughout the day.

Patanjali is known as the father of modern yoga. Yoga offers physical and
mental health benefits for people of all ages. And, if you are going through an
illness, recovering from surgery or living with a chronic condition, yoga can become
an internal part of your treatment and potentially Hasten healing. Yoga improves
strength, balance and flexibility. Slow movements and deep breathing increase
blood flow and warm up muscles, while holding a pause can build strength. Yoga
helps with back pain relief. There are some benefits of yoga as following:



518  61/7 ISSN 0975-735X

Catalytic activity of an acidic ionic liquid as a
solvent for the synthesis of Coumarin derivatives

Mr. Dinesh A. Sasane
Dr. Patangrao Kadam Mahavidyalaya, R.Nagar (Burli)

Dr. Kulbhushan A. Sasane
Abasaheb Marathe College, Rajapur Dist. Ratnagiri.

Mr. Dhanesh P Gawari
Dr. Patangrao Kadam Mahavidyalaya, R.Nagar (Burli)

Introduction : Coumarin are an important class of benzopyrones being the
core unit of different natural products and exhibit a spectrum of biological activity’.
Naturally occurring Coumarin are found in many plants, notably in high concentration
in Tonka bean, woodruff, lavender, licorice, strawberries, apricots, cherries,
cinnamon, sweet clover and bison grass having vanilla like flavor, Coumarin be bound
their class name to ‘coumarou’ the vernacular name of the Tonka bean (Dipteryx
odorata willd, Fabaceae), from which Coumarin itself was isolated in 1820 by Vogel².
Due to the potential application in fragrance, pharmaceutical and agrochemical
industries it occupies an important position in natural and synthetic organic chemistry.
Coumarin comprises a vast array of biologically active compounds with several types
of pharmaceutical agents possessing anticancer, anti-HIV, anticoagulant, spasmolytic
and antibacterial activity, and cytotoxic activity in vitro and in vivo”. Natural
Coumarin, such as calanolides, isolated from Calophyllum genus has shown potent
anti-HIV activity. Wedelolactone 1(Figl) is another naturally occurring product that
is used as a venomous snake-bite antidote; and Novobiocin 2 (Fig 1) is an antibiotic,
which acts as a competitive inhibitor of the bacterial ATP binding gyrase B subunit.
Many synthetic compounds, which contain the Coumarin moiety, are well known
for their odor, stability to alkali, and availability. They are widely used in perfume,
soaps and detergents and in the preparations of insecticides, optical brightening
agents”. Coumarin was once used as a food flavoring, but was banned by the FDA
due to carcinogenicity. Some 3-substituted and 7-hydroxycoumarins have been shown
to act as photo table laser dyes that emit in the blue-green region of the visible
spectrum. The emission range increases when the 3-substituent is a heterocyclic
moiety9, Coumarin also act as intermediates for the synthesis of furocoumarins,
chromenes, coumarone and 2- acylresorcinols.

Because of their varied biological activities, the preparation of Coumarin and
its derivatives has attracted the attention of organic chemists. Various synthetic methods
have been developed for the synthesis of Coumarin. These include use of the
Knoevenagel condensation, Wittig reactions, Perkin reaction and Pechmann reaction.
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Introduction: Nanoparticles are tiny particles with dimensions in the
nanometer range, typically between 1 and 100 nanometers. They can be composed
of various material, including metals, semiconductors, polymers, and organic or
inorganic compounds.1 The unique properties of nanoparticles arise from their
small size, which leads to a high surface area-to-volume ratio and quantum effects.2

Key Characteristics of Nanoparticles:
1. Size: Nanoparticles are extremely small, often on the scale of atoms and

molecules, ranging from 1 to 100 nanometers.
2. Surface Area: Due to their small size, nanoparticles have a high surface

area relative to their volume, which makes them highly reactive and useful for
various applications.

3. Quantum Effects: At the nanoscale, materials exhibit quantum effects
that differ from the properties observed in bulk materials. These effects can include
changes in optical, electronic, and magnetic properties.

4. Versatility: Nanoparticles can be engineered to have specific properties
by manipulating their size, shape, and composition. This versatility makes them
valuable in a wide range of applications.

5. Interactions: Nanoparticles can interact with biological systems, tissues,
and cells in ways that larger particles or bulk materials cannot. This property is
exploited in various fields, including medicine and biotechnology.3

Objectives:
• Provide an overview of major nanoparticle synthesis methods.
• Explore recent advancements in nanoparticle synthesis techniques.
• Discuss the potential applications of nanoparticles synthesized through

different methods.
Challenges and Concerns:
1. Toxicity: The potential health and environmental impact of nanoparticles is

a concern, especially when they are used in consumer products or medical applications.
2. Regulation: Due to the unique properties of nanoparticles, regulatory

frameworks may need to be adapted to address their specific challenges and ensure safety.
3. Ethical Considerations: The ethical implications of using nanoparticles
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Abstract 

Watermelon possesses anticancer, anti-inflammatory and anti-oxidant properties due the phytochemicals like 
lycopene, vitamin C and polyphenolic material. Cardiovascular health conscious patients are consuming essential 
nutrient watermelon. Antioxidant property of watermelon plays an important role in coronary heart disease, cancer, 
diabetes, tension as well dehydration of body. The present review provides the information about different varieties 
that gain more production and keep in regulatory dietary source because of their nutritional values. It also supports to 
the selection of watermelon variety for more production from this ancient fruit. This information will encourage 
production and consumption of watermelon in worldwide. 

Keywords: Anticancer; Anti-oxidant; Hypertension; Nutritional fruit 

1. Introduction

In 21st century, trend of snacking has increased in recent years. However, in last few years back consumers are 
conscious about their health. Due to over doses of chemical fertilizers and chemical pesticides, diseases occurs like 
hypertension, diabetes, cancer and cardiovascular diseases (CVD) [10]. 

1.1. Scientific classification of watermelon: 

 Kingdom: Plantae
 Clade: Angiosperms
 Order: Cucurbitales
 Family: Cucurbitaceae
 Genus: Citrullus
 Species: lanatus

1.2. Origin of Watermelon 

Watermelon originated from Kalahari Desert of South Africa but now a day’s watermelon cultured world widely 
[8,9,10]. Watermelon C. lanatus belong to the family cucurbitaceae [3]. Family cucurbitaceae is higher rank of plant 
families for using human food. Watermelon commonly known as Tarbooj in Hindi and Urdu, Kalingad in Marathi, 

http://creativecommons.org/licenses/by/4.0/deed.en_US
https://wjarr.com/
https://doi.org/10.30574/wjarr.2023.18.2.0813
https://crossmark.crossref.org/dialog/?doi=10.30574/wjarr.2023.18.2.0813&domain=pdf


World Journal of Advanced Research and Reviews, 2023, 18(02), 627–629 

628 

Eipelccha in Telagu, Tormuj in Bengali, Indrack in Gujrat, Tarbuj in Manipuri and Kallangadibali in Kannada. It is an 
ancient fruit. It has been cultivated since 2000 BC.  

1.3. Morphology of Watermelon 

It is an annual plant that has a climbing in habitat having diameter about 5-6 feet. It is a large, green colour and having 
pinnately lobed leaves. It has a large leaves and having light yellow flowers having innocent odour. Flower followed to 
juicy fruit, which is special kind of berry called pepo. Fruits are variable shape and sizes usually oval or cylindrical and 
round. They are stripped green or plain green colour. The fleshy, juicy, edible part is red in colour with small black or 
brown in colour seeds [11]. A single seed plant or nursery plant consists of 2-10 flowers and flower converts into 3-5 
valuable fruits and 5-8 are non economical fruits are developed it is a summer fruit having higher water content as well 
55.3% juice, 31.5% rineal and 10.4% pomace. 

2. Varieties of Watermelon 

Watermelon has been hybridised to more yield and be more resistant against the fusarium and wilting fungal diseases. 
These varieties are so versatile should be grow in different climates. While, they have more resistance power and 
yielding capacity than ancient melon called good grainages variety. High tonnage and good production varieties 
available in the Indian market like Sugar queen (Syngenta), Max (BASF Nunhems), Black Boss (Indus), Big Boss (Rizwan 
seeds), Melody F1 (Kalash Seeds) etc. 

Seeds of watermelon grow in sandy loam rich organic matter soil having good drained and pH range capacity [6]. In 
western India it can be sowed in October heat whereas February- March in Northern India. Optimal temperature ranges 
from 24-270 C for the growth of the vines. It can be directly seeded in field or sow in the nursery for transplantation in 
the field. 

2.1. Worldwide Watermelon Production 

Botanist referred as a pepo to watermelon. Production of watermelon in 2020, China was the topmost country for 60% 
of the total tonnage. Total production of watermelon was 101.6 million tonnes out for 60.1 million productions. Turkey, 
India, Iran, Algeria and Brazil are leading countries for production of melon. 

2.2. Watermelon production in India 

In India Andhra Pradesh and west Bengal are leading states for watermelon cultivation. Uttar Pradesh Andhra Pradesh 
and Tamilnadu are top most states for production of watermelon likewise 685.91T, 557.67T and 381.55T respectively. 
Maharashtra state is also leading cultivation and production of watermelon to other states. 

2.3. Nutritional Values of Watermelon 

The recent diet recommendation of increasing diet rich natural antioxidant has generated replacing energy dense snack 
per day with fruit salads as fruit juice that posses antioxidants [2,4]. It creates a huge demand in the fruit industries for 
nutritious fruit production from natural origin in order to consumers need. A consumer creates demand to snacks on 
natural products such as fruit and vegetables. Watermelon is as exotic melon fruit which contains nutrients and 
photochemical to be beneficial to human health [1,5]. It has good source of vitamin B, C, E as well as calcium, phosphorus, 
Magnesium, iron, potassium, zinc etc. [10]. Watermelon seeds consist 35%, 50% oil and 5% fibre. The natural 
photochemical are effective on cell growth, modulation of gene expression and immune response [4,5,9]. 

3. Conclusion 

Watermelon is a one of the commercial and benefited horticulture crop or fruit for human health is focused in this study. 
This accumulated information will be encouraged more than current watermelon cultivation, production and 
consumption. Snacks replaced by fruits as an energy source. It is also much helpful to women at the time of menstrual 
phase and pregnancy. To encourage peoples by pharmacologist for more consumption of summer fruit as a functional 
food because of their antioxidant, antifungal, antimicrobial, gastrointestinal properties. The agronomists are to 
encourage the farmers for cultivation and production of watermelon to increase their economical condition. 
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A B S T R A C T 
The national pest white grub has been defined as larvae of Melolonthidae. Holotrichia serrata (Fab) is a species of a 
Scarabaeidae family. Last five years, they cause damage to the commercial crops such as sugarcane, maize, groundnut, 
potato, jowar etc. and economical or medically important trees. The present investigation, external morphology of 
Holotrichia serrata was carried out in field as well as in laboratory. The Holotrichia serrata (Fab) adults are reddish brown 
in colour, compact and medium in size. The ventral side is shining; labium and labrum are fully bristly. Antenna is a 
lamellate type. Tibial spurs are distinguished characteristics of male and female adults. 

 
Key words: Coleoptera: Scarabaeidae, Holotrichia serrata, Morphology, National pest, Taxonomy 

 
White grub is known as a ‘root feeder’. Adults of white 

grubs are also known as ‘Chaffer Beetles’ or ‘May- June 

Beetles’ because of their occurrence. The white grubs have 

included in the category of five national pests and a large sum 

of money is being spent on their control at national level. The 

world fauna of white grub exceeds 30,000 species [1], and there 

are about 1300 North American species [2]. The fauna of the 

Indian sub-region is very rich and diverse, but it is yet to be 

fully explored [3]. White grub has become serious pest of most 

agricultural crops, vegetables, ornamental plants, fruits, 

pastures, turf and meadow grasses, lawns, golf courses, and 

forest trees in different parts of the world [4-5]. 

They cause heavy damage to wide variety of wild and 

cultivated crops [6]. In India, Holotrichia fissa, Holotrichia 

serrata (Fab) and Leucopholis lepidophora have been found so 

far. This infestation has been recorded throughout the country 

and magnitude of the problem has been widespread over the 

past years. The Holotrichia serrata (Fab) species belongs to the 

family Scarabaeidae. The Holotrichia is one of the largest 

Melolonthidae genuses. The larvae of most of their species feed 

on the roots of cultivated crops and they cause to damage the 

crops [7]. The grubs feed on the tap roots of the seedlings and 

the damaged plants wilt and die [8]. The adults feed on the 

leaves of host plants like Azadirachta indica, Ziziphus zizyphus, 

Acacia arabica and Acacia catechu [9]. White grubs have 

become serious pest of agricultural crops, plantation crops, 

pastures, fruit and meadow grasses, lawns, golf courses and 

forest trees in different parts of the world [4-5]. 

Northern Western Ghats is having various forest types 

such as tropical evergreen, semi-evergreen, moist and dry 

deciduous and high-altitude shoals mingle with natural and 

man-made grasslands, in addition to stream valley projects 

mining areas and may other land uses; and also, most of 

agricultural area. The Holotrichia serrata (Fab) is a most 

abundant species found in the area of Khed Tehsil which is a 

part of Northern Western Ghats, Maharashtra, India [10]. The 

Holotrichia serrata adult have damage the commercial growing 

crops as well medically important host trees. External 

Morphology of Holotrichia consanguinea Blanchard 

(Coleoptera: Scarabaeidae: Melolonthinae) investigated [11] 

but on Holotrichia serrata (Fab) adults have no published 

information regarding morphology. 

 

MATERIALS AND METHODS 
 

Exterior survey was carried out at different locations of 

Northern western Ghats for the collection of beetles. They come 

out from soil for feeding or mating purpose during the time 

19:00 to 21:00. After feeding or mating, they go down again 

into the soil up to next evening. Beetles were collected 

handpicked and/ or shaken from the host plants Azadirachta 

indica and Acacia arabica during their feeding or mating period 

at 19:30 to 20: 45 hr. at 22± 2°C. The present study was 

examined in the laboratory as well in field also. 

The collected beetles were identified as per the standard 

key [12-14], stored, pinned and dried in the laboratory and used 

for morphological study [15]. The microscopic examination of 
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different body parts viz. mouth parts, antennae, legs, wings and 

genitalia. 
 

Procedure for preparation of permanent slide 

The collected beetle was dipped overnight with KOH 

solution to get the musculature sufficiently relaxed. After that 

the KOH was removed by washing in distilled water for 2-3 

times. The dissection was performed within a cavity block, with 

the help of fine forceps and needle under the Illuminated 

Magnavision microscope. The dissected body parts were 

transferred to glacial acetic acid in another cavity block and 

fuschin acid was used for staining. After 10-15 minute mounted 

parts were again washed with glacial acetic acid to remove 

excess stain. Then the washed-out mounted part was transferred 

to Carbo- Xylol for 15 minutes. After getting clear the body 

parts of specimen were mounted finally on a plain slide and 

thick specimen on cavity slider in DPX mounting and covered 

with cover slip. 
 

Drawing and microscopic photography 

For photography purpose, a binocular microscope was 

used for microscopic structure with required magnifications and 

a digital camera (Sony cyber shot) was used for taking the 

photographs of different body parts. 

For drawing purpose, a binocular microscope was used 

for microscopic structure with required fine magnifications and 

different body parts were drawn on a plain drawing paper with 

the Camera Lucida. 

 

RESULTS AND DISCUSSION 
 

The present investigation was made asses the taxonomy 

or morphology of Holotrichia serrata (Fab) adults. The adults 

of Holotrichia serrata (Fab) were dull reddish brown in colour, 

compact, medium in size about 20±5 mm in length and 12±4 

mm width. The body is divided into three different parts; head, 

thorax and abdomen. 

The Head is composed of sclerotized segments contain 

compound eyes. In male adult antennae has nine segments and 

female has eight segments. Scape is well developed in the 

socket. The male pedicle is smaller than female which is long, 

slender and bristly. The terminal segment of flagellum is 

modified into three leaves like broad plates or club shape foliate 

capatulum. The Holotrichia serrata (Fab) adult shows biting 

and chewing mouth parts developed for to chewing and 

grinding the food material. Labrum is sclerite, semi transverse 

and more longitudinally. It often called as upper lip. The 

clypeus is short, sinuate and triangular in shape. The upper lip 

of edges covered with bristles. The small bristles were used for 

testing the various types of food. The mandible or jaws are 

highly sclerotized paired structure. The incising and grinding 

region is developed for to grind the carnivorous food. The outer 

sides of mandible were covered by bristles. A maxilla contains 

basal cardo, oblong or roughly triangular stipes. The larger 

galea and inner lacina are well developed. The paired structure 

of maxilla has been covered by bristles and possesses maxillary 

palp. Labium is often called lower lip. It consists of three 

components; mentum, prementum and submentum. Mentum is 

usually trapezoidal and broadly joined with the submentum. 

Submentum is an uppermost cover of the mentum. Prementum 

is a sub quadrate or broadened with numerous minute bristles. 

On the distal margin; the prementum bears with two pair of 

lobes. The inner and outer pair of lobes of prementum is shown 

as the glossae and paraglossae respectively. The labium is a 

fused structure that possesses a pair of three segmented labial 

palps. The labial palps were covered by minute bristles. The 

hypopharynx is bilobed structure, oblong in shape and well-

developed salivary ducts at dorsal side. Laciniae move the food 

upward and hypopharynx rotate the food forward and backward 

(Fig 1). 

 

 

Fig 1 General external morphology of Holotrichia serrata (Fab) adult 

The thorax is well developed. It is divided into three 

parts; prothorax, mesothorax and metathorax. Each thoracic 

segment consists pair of leg. The prothorax is well developed 

called as pronotum. meso and metathorax are reduced and 
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fused. The head is usually retracted into anterior margin of 

pronotum at rest and the triangular scutelum is showed between 

the elytra bases. Legs are well developed; adapted for walking 

and running. It is also supporting function for feeding and 

mating. The foreleg is located on prothorax. It is composed of 

six distinct segments; listed coxa, trochanter, femur, tibia, tarsus 

and metatarsus. Coxa is tubular, broad and triangular in shape. 

The trochanter is short, quadrangular in shape and lying in 

between coxa and femur. The large size femur is developed for 

leaping. The tibial generally long, slender, tubular and provided 

with the spines. It bears single spur at the middle. The pointed 

spur shows in male and in female adult, the tibial spur is blunt. 

The outer border of tibia is serrated and blunted. The tarsus is 

divided into five sub segments. The first five segments are equal 

and small in size. The distal end of tarsus is tubular and 

lobulated structure; bears with plantulae. The sub segmented 

metatarsus is long as compare to tarsus. It is developed for avoid 

the frictions on the smooth surface at running time. The claws 

are articulate with the semicircular and double pointed. Mid 

legs have been well developed coxa, trochanter, femur, tibia, 

tarsus and metatarsus. Femur is bristly. Two tibial spurs are 

present. Many more plantulaes are developed on tarsus at the 

dorsal end. The metatarsus is long as compare to the tarsus. The 

two claws are present at the end. Hind leg is six segmented 

structures. Femure is less bristly.  The pointed long spurs are 

developed at the dorsal end of tibia. Four tarsi consist of 

plantulae. The double pointed claws are also present. The pairs 

of wings are developed only on meso and metathoracic 

segment. Wings are complete cover to the abdomen. Forewing 

is modified into elytra which are rectangular in shape, hardened, 

sclerotized and protect to the hind wing. Hind wing is evolved 

many venations developed on metathoracic segment. Hind 

wing is thin, transparent, partially pigmented fan like 

membranous structure. Blood vessels are clearly shown in the 

hind wing. Wings are developed for flight at the time of feeding 

and mating (Fig 1). 

Abdomen is divided in to 5 to 7 segments. Reproductive 

organ developed on 5th abdominal sternum in male and 6th 

abdominal sternum in female. In female, sternum possesses 

large and small bristles are intermixed (Fig 1). 

 

CONCLUSION 
 

The present study concluded that the family 

Scarabaeidae, the Holotrichia serrata (Fab) adult is compact 

and medium in size. The male Holotrichia serrata (Fab) adult 

is smaller than female. The pronotum and scutellum in male are 

smaller in size than female. In male, the lamellate antennae have 

nine segmented; post pedicle is large or distinct and covered 

with bristles but in female, lamellate antennae have eight 

segmented, small pedicles without bristles. Upper side of 

labrum is totally covered by bristles. Male legs are partially 

covered by bristles but female legs are fully covered by bristles. 

Tibial spurs in male are long, pointed and sharp but in female, 

tibial spurs are short and blunt. The metatarsus claws are double 

pointed or bidif and sharp. Metatarsus is long in male than 

female. The Holotrichia serrata (Fab) adult is one of the 

harmful agricultural pests and it does highly need to control or 

manage immediately. 
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The literary works of contemporary African American writers have been
gaining international recognition for voicing an uncommon issue pertaining to
racial constructs in highly ethnically diversified American society.  From the arrival
of the first enslaved Black people at Jamestown to the present day The Black Lives
Matter Movement, the stories of black’s experiences were full of inequality,
injustice, violence and white hegemony. Taking this idea, the present research paper
tries to study Colson Whitehead’s celebrated novel The Nickel Boys in the light
of race and hegemony in American society. This novel provides a terrifying tale
that examines the issues of race, control and hegemony within the context of the
Nickel Academy, a juvenile reform school in the 1960s Jim Crow era. This academy
is a fictional reconstruction of the notorious Arthur Dozier School for Boys that
ruined the lives of countless black boys by endorsing harsh beating, torture and
even killing on campus.

Colson Whitehead is a significant literary figure in contemporary African
American writings. He has authored seven novels and two books of non-fiction
and several journalist articles on movie, book and television criticism in Weekly
News and cultural paper The Village Voice.  His innovative novels explore social
themes related to complexities of racism with experimentation in narrative style
by blending history, realism and fantasy. He is a recipient of two National Book
Award as well as twice winner of Pulitzer Prize, who has been constantly shown
his awareness of America’s horrific racial history through his oeuvre. He received
greater attention and critical acclaim in 2016 with the publication of The
Underground Railroad, a tale of runaway teenage slave for freedom from bondage
in a cotton plantation in Georgia. The release of 2019’s novel The Nickel Boys
made him the first writer to win a Pulitzer Prize for consecutive books.

The Nickel Boys is a novel set against the backdrop of the Jim Crow era and
it explores the systematic mistreatment, discrimination and atrocities faced by Black
teenagers within the oppressive confinement of the Nickel Academy. The novel
opens with a prologue that introduces a Nickel boy Elwood Curtis, now a grownup



ISSN 0975-735X 2023  485

Elementary Education in Maharashtra
Dr. Amol S. Kamble

Mr. Sagar R. Kundale
Dr. Patangrao Kadam Mahavidyalaya,

Ramanandnagar (Burli) Maharashtra, India

1. Introduction : Education is one of the most important social infrastructural
facilities for the development of human resources and essential for promoting the
economic growth of the country. It is important in the sense that it is crucial input for
empowering people with skills and knowledge and giving access to productive
employment in future. Accessibility of educational facility is not only expected to
enhance efficiency but also improve the overall quality of life of human being.
Equitable and inclusive education is sustainable development goals for education.

The provision of universal primary education is an effective anti-poverty
measures that promote equity. People are poor because they lack skill
entrepreneurship. Article 45 of the constitution stipulates that the state shall
endeavorto provide free and compulsory education for all children until they complete
the age of 14 years within a period of ten years from the commencement of the
constitution. However the task of providing basic education to all, with concrete
plans of action gained greater momentum only after the national policy of education
in 1986, revised in 1992 with the world declaration on education for all adopted in
Jometin in 1990. Basic education, child care education, the elementary education,
education to adolescents, adult education, gender equality and quality improvement
have been the focus of international attention. These international developments
within the country brought the need for recognizing basic education as fundamental
right of every citizen on priority basis. The 86th Constitutional Amendment of 2002
led to inclusion of a new article 21-A in part III of the Indian constitution that made
free and compulsory education to all children of 6 to 14 years of age. It is imperative
to give good quality of elementary education to all children in the age group of 6 to
14 years. Policies and program in this direction are also necessary for achieving the
goal of education under the Millennium Development Goals as well as need
commitment under the National Common Minimum Programme for increasing public
expenditure on education to 6 percent at the national level.

The Sarva Shiksha Abhiyan was launched toward the end of the Ninth Plan
to achieve the goal of universalization of elementary education through guided by
five parameters such as i) Universal Access ii) Universal Enrolment iii) Universal
Retention iv) Universal Achievement and v) Equity. The aim of the programme
was to provide elementary education to all children’s in the 6 to 14 age group. It
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Micronutrients are essential for plant growth and play a key role in crop nutrition.

Micronutrients such as zinc (Zn), iron (Fe), copper (Cu), and manganese (Mn) are

necessary for plants and humans who rely on them directly or indirectly. These minerals are

important for several important cellular functions, including respiration (Fe and Cu),

photosynthesis (Fe, Cu, and Mn), and transcription (Zn). Micronutrient deficiencies have

gained importance as a source of ‘hidden hunger,‘ focusing on iron (Fe) and zinc (Zn).

Enhancing the nutritional value of staple crops seems to be a simple and effective solution.

We address the methods of absorption of numerous beneficial Micronutrients, their positive

characteristics, and their involvement in improving crop yield. The importance of

biofortification as a procedure to enhance crop yield and as an agricultural solution to solve

nutritional security challenges is discussed in this review. Biofortification boosted crop yield

to relieve hidden hunger and quality parameters, proving a sustainable and cost-effective

strategy. Several novel and targeted biofortification strategies for nutrient enrichment of

field crops, including cereals, pulses, oilseeds, and fodder crops, have been reviewed. With

the information presented here, researchers can see that biofortification promises to

increase agricultural production and provide the crops with additional nutrients to ensure

human food security and nutrient quality.
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Abstract

Piper longum (family Piperaceae), commonly known as “long-pepper” or “Pippali”
grows as a perennial shrub or as an herbaceous vine. It is native to the Indo-Malaya

region and widely distributed in the tropical and subtropical world including the

Indian subcontinent, Sri Lanka, Middle-East, and America. The fruits are mostly used

as culinary spice and preservatives and are also a potent remedy in various traditional

medicinal systems against bronchitis, cough, cold, snakebite, and scorpion-sting and

are also used as a contraceptive. Various bioactive-phytochemicals including alka-

loids, flavonoids, esters, and steroids were identified from the plant extracts and

essential oils from the roots and fruits were reported as antimicrobial, antiparasitic,

anthelminthic, mosquito-larvicidal, antiinflammatory, analgesic, antioxidant, antican-

cer, neuro-pharmacological, antihyperglycaemic, hepato-protective, antihyperlipidae-

mic, antiangiogenic, immunomodulatory, antiarthritic, antiulcer, antiasthmatic,

cardioprotective, and anti-snake-venom agents. Many of its pharmacological proper-

ties were attributed to its antioxidative and antiinflammatory effects and its ability to

modulate a number of signalling pathways and enzymes. This review comprehen-

sively encompasses information on habit, distribution, ethnobotany, phytochemistry,

and pharmacology of P. longum in relation to its medicinal importance and health

benefits to validate the traditional claims supported by specific scientific experi-

ments. In addition, it also discusses the safety and toxicity studies, application of

green synthesis and nanotechnology as well as clinical trials performed with the plant

also elucidating research gaps and future perspectives of its multifaceted uses.

K E YWORD S

ethnobotany, pharmacological activity, phytochemistry, Piper longum, piperine,
piperlongumine

1 | INTRODUCTION

Plant-based medicines have long been used to treat numerous human

diseases worldwide from time immemorial. In developing countries,

mainly in rural areas, herbal medicines are still the primary source of

treatment. Plants are thought to play a major role in the discovery of

new therapeutic agents since they are the potent reservoirs for a

plethora of biologically active phytochemicals for the cure of several

medical conditions (Gutierrez & Maria Neira Gonzalez, 2013). The

genus Piper has about 2,000 species with high commercial, economi-

cal, and medicinal importance. These are widely distributed in tropical

and subtropical areas of the world (Parmar et al., 1997). Piper longum

L. (Piperaceae), generally known as long pepper or pippali is a climbing

shrub or a herbaceous evergreen vine native to the warmer parts of

India, eastwards to Bengal, Assam, and the Khasia mountains; west-

wards to Mumbai and southwards to Kerala (Bisht, 1963). Piper

longum is a close relative to Piper nigrum; both contain the alkaloid pip-

erine, which is responsible for pungency and hot flavour. Piper retro-

fractum, also known as long pepper, is native to Java and Indonesia.

Piper longum is one of the most important species in this family

(Scott, Jensen, Philogène, & Arnason, 2008). Its uses are mentioned in

the Indian Ayurvedic system of medicine. Traditionally the fruits,

roots, and stems of P. longum are prepared as paste, juice, or

decoction for the treatment of bronchitis, asthma, cough, and cold,

as an antidote to snakebite and scorpion sting, and as a contraceptive

by different aboriginals and communities (Sivarajan &

Balachandran, 1994). The available literature has recommended

unripe fruit of P. longum for respiratory disorders, gastrointestinal

disorder, disorders of metabolic imbalance, as an aphrodisiac, emmen-

agogue, circulatory stimulant, and analgesic (Evans, 2009). Piper

longum is one of the main ingredients in the famous formulation, “Tri-
katu” which is known to be a prominent bio-enhancer (Johri &

Zutshi, 1992). Piper longum is used in Rasayana which is an important

therapy in Ayurveda, dealing with the promotion of strength and vital-

ity which is also mentioned in “Charaka Samhita” for improvement of

cognitive impairment (Sharma & Samhita, 1983).

A plethora of pharmacologically active constituents was isolated

from P. longum including major alkaloids such as piperine and piperlon-

gumine, volatile oils containing β-caryophyllene, pentadecane, and

bisabolene, along with some esters, flavonoids, lignans, terpenes,

organic acids, steroids, and so on (Kumar, Markovi�c, Emerald, &

Dey, 2015). Considering the various traditional use of P. longum,

2 BISWAS ET AL.

mailto:abhijit.dbs@presiuniv.ac.in
mailto:dkpandey1974@gmail.com


researchers isolated many bioactive compounds from the plant which

were scientifically validated using bioactivity-guided isolation and var-

ious pharmacological experiments. A number of studies have revealed

the anticancer properties of P. longum extract mediated by antioxidant

and inflammatory mediator cytokines. The roots and fruits demon-

strated weak opioid but potent nonsteroidal antiinflammatory drug

(NSAID) type of analgesic activity, in addition to cardioprotective,

antiarthritic, anticonvulsant, immunomodulatory, and antiinflamma-

tory activities (Kumar et al., 2015). Plant extracts and isolated com-

pounds were found to have inhibitory effects on bacteria, fungi,

parasites, helminths, and so on. The present review encompasses

comprehensive information on the habit, distribution, phytochemistry,

ethnobotany, and pharmacological activity of P. longum as a curative

agent against human ailments with a note on its safety and toxicity

attributes. According to Cronquist (1988), the taxonomical classifica-

tion of P. longum has been proposed as follows (Lawrence, 2017).

Kingdom: Plantae.

Division: Magnoliophyta.

Class: Magnoliopsida.

Order: Piperales.

Family: Piperaceae.

Genus: Piper.

Species: Piper longum.

2 | METHODOLOGY

2.1 | Search engines

A literature survey using the popular scientific search engines namely,

PubMed, ScienceDirect, Google Scholar, Cabdirect, NOPR, and Scielo

was performed thoroughly to retrieve literature using search strings

such as P. longum with distribution, ethnobotany, phytochemistry,

pharmacology, nanotechnology, clinical studies, and toxicology. Fur-

ther, cross-referencing among the retrieved literature has produced a

total number of 367 articles (from 1830 to 2021) (Google Scholar:

354; PubMed: 94; ScienceDirect: 43; NOPR: 9; Cabdirect: 4, and

Scielo: 1). Following screening and removal of duplicates, a total num-

ber of 250 articles were selected and cited in this present review.

2.2 | Inclusion criteria

Only papers and book chapters on P. longum describing its distribu-

tion, traditional use, phytochemistry, pharmacology, nanotechnology,

clinical studies, and safety and toxicology published in English were

chosen. Other articles, conference proceedings, case reports, editorial,

letters, theses, or publications that did not meet the inclusion criteria

were not included in this systematic review. The selected publications

were strictly verified in accordance with the inclusion criteria depicted

above.

2.3 | Data extraction

All shortlisted publications were studied for publication year, country

of origin, plant parts used, identifies/isolated phytochemicals, and rel-

evant pharmacological attributes. For the bioactivity analyses, the

retrieved data also represented extract/fraction used, experimental

model (cellular and animal), dose, results, and ethnopharmacological

relevance (if any). The verified data are presented in tables and figures

and are also discussed in the present article. The process of retrieval

and screening of publications for this review is presented in Figure 1.

3 | DISTRIBUTION, CULTIVATION,
TAXONOMY, AND MORPHOLOGICAL
DESCRIPTION

3.1 | Geographical distribution

Piper longum is native to the Indo-Malaya region. It generally grows in

the warmer parts of India, from the central Himalayas to Assam, Mikir

and Khasi hills, lower planes of West Bengal and evergreen forests of

F IGURE 1 Flow diagram of selection
and screening of the retrived articles
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Kerala, Western Ghats from Konkan to Travancore regions, Uttar

Pradesh, and is also recorded from Car Nicobar Islands. Long pepper

is also found to grow wild in the tropical evergreen rainforests of

India, Nepal, Indonesia, Malaysia, Singapore, Sri Lanka, Timor, and

Philippines. Besides the Indian subcontinent, it is also recorded in

Sri Lanka, Middle-East, and America (Sivarajan & Balachandran, 1994;

www.indianspices.com/spice-catalog/pepper-long.html). Figure 2 depi

cts the worldwide distribution of P. longum. (The exact percentage or

the related data of distribution in Figure 2 is available at https://www.

gbif.org/occurrence/search?taxon_key=3086338).

3.2 | Cultivation and propagation

In India, P. longum is mostly derived from the wild mostly collected

from the states of West Bengal, Uttar Pradesh, Assam, certain parts of

Andhra Pradesh, and the low hills of Annamalai and Assam (Manoj,

Soniya, Banerjee, & Ravichandran, 2004). Plants are mostly grown in

tropical moist and humid climates preferably in shady conditions, well-

drained sandy humus soil with a pH range of 5.5–8.5, 50% shade, and

laterite soil with organic matter content and good water holding

capacity. They grow better in the shade of trees and as an intercrop in

the coconut plantation in the plains at an altitude of 900–1,500 m

(Manoj et al., 2004; Oommen, Ved, & Krishnan, 2000).

Piper longum can be propagated at the beginning of rain through

vegetative means using mature branches or suckers which grow like a

bushy runner. It can be grown by cutting the semi-hard stem which is

planted in a nursery bed in shady condition. The tiller growing at the

base of the plant can be separately planted. Plants can be developed

from the root, shoot tips, leaves, and stems by micropropagation tech-

nique (Manoj et al., 2004).

3.3 | Morphological description

Piper longum is a dioecious, aromatic, evergreen, and climbing plant up

to 0.9 m high with jointed stems, generally rooting at the nodes to

attach to the hosts. Roots are generally woody; stems are slender,

swollen at nodes, and downy; leaves are alternate, membranous,

ovate to cordate, apex acute to acuminate, base oblique, glabrous, and

3–7 cm long. Flowers usually grow in solitary spikes. With the spikes,

male and female plants can be distinguished as the plants are morpho-

logically similar. The male spikes are greenish-yellow, fleshy, cylindri-

cal (2–7.5 cm long), with orbicular bracts and 2 stamens; female spikes

are shorter than male spikes (1.25–2 cm long) with circular bracts and

3 stigmas. Fruits are berries (2–3 cm long), thick, oblong, blackish-

green in colour, and pungent taste; when broken show a central axis

with five to six fruitlets around the axis (Evans, 2009; Wiart, 2012).

Figure 3 represents the hand-drawn sketches of P. longum: plant mor-

phology (a), inflorescence (b), mature fruit (c), T.S. of fruit (d), and seed

€. Figure 4 presents the photographs of P. longum: plant habit (a),

leaves (b), inflorescence (c), mature fruit (d), and dry fruits (e).

4 | TRADITIONAL USES

Long pepper (Peepal, Pipal, or Pipli) has been cited as an excellent

ingredient in the Ayurveda since the times of the Vedas (Atharva

F IGURE 2 Worldwide distribution of Piper longum (https://www.gbif.org/species/3086338). Distribution ratio and Location information:
https://www.gbif.org/species/3086338/metrics

4 BISWAS ET AL.
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Veda), one of the antiquarian archives of human knowledge. This plant

was mentioned also in Susruta Samhita documented in the first Cen-

tury A.D. by the well-known Hindu physician, Charaka, in Shri Bhav

Prakasha (A. D. 1310), and Shankar Nighantu during the 14th Century

(Atal & Ojha, 1965). In Europe, the species was known to the Greeks

and Romans and was recorded in the book “Macer Floridus” (10th

Century A. D.) as “macropiper.” Later, the species got its official rec-

ognition in many pharmacopeias (Mukerji, 1953; United States of

Pharmacopeal convention, 1830).

The traditional uses of P. longum were mostly reported from the

Indo-Malay regions. A total of 135 Ayurvedic formulations of

P. longum have been reported by Kamboj (Kamboj, 2000). Ayurvedic

formulations such as Amrtariasta, Ayaskrti, Cyavanaprasa Avaleha,

Gudapippali, Asvagandhadyarista, Kumaryasava, Candanasava, Siva

Gutika, and Kaisora Guggulu; root formulations such as Pancakola

Curna, Dasamula Taila, Dasam ulapancakoladi, Kvatha Curna, and

Dasam ulastapalaka Ghrita were mentioned in the Ayurvedic

Pharmacopoeia of India (The Ayurvedic Pharmacopoeia of India Parts

II and IV, Ministry of Health and Family Welfare, Dept of AYUSH). In

the Ayurvedic system of medicine, the fruits have been reported for

their cooling effect and for being useful in biliousness which were also

reported as stomachic, aphrodisiac, laxative, antidiarrhoeic, antidysen-

teric, and antiasthmatic, as well as against bronchitis, abdominal com-

plaints, fevers, leucoderma, urinary discharges, tumours, piles,

diseases of the spleen, pains, inflammation, leprosy, insomnia, jaun-

dice, hiccoughs, tubercular glands, and so on (Khushbu, Roshni, Anar,

Carol, & Mayuree, 2011). Avipattikara, Hingavastaka, Sitopaladi, Srin-

gyadi, Talisadya, and Trikatu are very popular Ayurvedic (churna) med-

icines in India containing P. longum and other Piper species (Hazra,

Chakraborty, Mitra, & Sur, 2019). In the Unani System of medicine,

the roots and fruits have been used in palsy, gout, and lumbago.

Besides, these have been reported as carminative, liver tonic, sto-

machic, abortifacient, aphrodisiac, haematinic, diuretic, digestive,

emmenagogue, and so on, as well as against liver inflammation, joint

F IGURE 3 Piper longum plant morphology (a), inflorescence (b), mature fruit (c), T.S. of fruit (d), and seed (e)
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pains, snakebite, scorpion-sting, and night-blindness (Khushbu

et al., 2011).

Reports of uses of P. longum are also found in Traditional Chinese

Medicinal (TCM) system for the treatment of stomach disease, and

analgesia and also as a vasorelaxant. Piper longum has been cited as a

popular medicinal herb in Yunnan, China showing many biological

effects (Wang et al., 2021). Piper longum, has been used for a long in

TCM as an analgesic and against coronary heart disease, stroke, stom-

ach disease, and many other medical conditions (Bi et al., 2015; Hua

et al., 2019; Liu, Song, & Hu, 2007). Piperine, the most abundant alka-

loid of P. longum, was officially marked as a labelling compound by the

Chinese Pharmaceutical Committee for application in the quality con-

trol of P. longum (Li et al., 2020; Xu et al., 2019).

The use of root in the treatment of heart diseases is recorded in

ancient East Asian literature (Khushbu et al., 2011). In Europe,

P. longum was first documented by Hippocrates as a medicament. It

came to Greece in the sixth or fifth century BC, and became a popular

spice prior to the European discovery of the New World (Kumar,

Kamboj, & Sharma, 2011). Many herbal formulations prepared with

P. longum are also found in countries of European Union,

United States, China, and Middle Eastern countries (Singh, Ahamad, &

Quraishi, 2016; Yeotkar, Nimbhorkar, Deshmukh, & Patil, 2010).

Medicinal use of P. longum is also depicted in Islamic regions of North

and East Africa (Manoj et al., 2004). However, in most cases,

P. longum has been reported as one of the major ingredients used in

different doses in many polyherbal traditional formulations.

Traditional uses of the species are mentioned in Table 1 with the

using community, place of use, modes of preparations, and treated

ailments.

5 | PHYTOCHEMISTRY

P. longum contains a number of secondary metabolites of various clas-

ses, such as alkaloids, lignans, flavonoids, amides, esters, essential oils,

and organic acids. Alkaloids are abundant phytochemicals in all major

plant parts namely fruits, seeds, leaves, stems, and roots. Piperine was

the first amide isolated from the Piper species that also contributes to

P. longum's hot and pungent flavour (Lee, Shin, & Woo, 1984; Saraf &

Saraf, 2014).

5.1 | Phytochemicals identified from the whole
plant

The most abundant phytochemical of the P. longum plant is alkaloids.

Liu et al. prepared an ethanol extract of P. longum from the whole

plant and followed it up by extracting consecutively with petroleum

(a) (b) (c)

(d) (e)

F IGURE 4 Piper longum (a) plant habit, (b) leaves, (c) inflorescence, (d) mature fruit, and (e) dry fruits (a and e were obtained from Wikimedia
Commons and are licensed under the Creative Commons Attribution-Share Alike 3.0 Unported license; Figures (b), (c), and (d) unpublished photo
taken by PB)
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ether, chloroform, and butanol. Their fractions were then subjected to

analyses using MS, 1H-NMR, and 13C-NMR to reveal the presence of

coumaperine, piperolactam A, bisdemethoxycurcumin, (+)-aphanamol I,

demethoxycurcumin, N-5-(4-hydroxy-3-methoxyphenyl)-2E-pentenoyl

piperidine, 1-[1-oxo-5 (3,4-methylenedioxyphenyl)-2E,4E-pentadienyl]

-pirrolidine, 1-[1-oxo-5 (3,4-methylenedioxyphenyl)-2E-pentenyl]–pir-

rolidine, 1-[1-oxo-9 (3,4-methylene dioxyphenyl)-2E,8Enonadienyl]-

pyrrolidine, (R)-(�)-turmerone, and octahydro-4-hydroy-3alpha-me

thyl-7-methylenealpha-(1-methylethyl)-1H-indene-1-methanol were

identified (Liu, Jiang, Chen, Zhang, & Ma, 2009). A piperine derivative

GB-N was also identified from the ethanol extract of the whole plant

that improved hyperlipidaemia in rats (Bao, Bai, & Borijihan, 2012). A

number of flavonoids such as catechin, epicatechin, quercetin, myrice-

tin, kaemferol, apigenin, luteolin, and naringenin were identified from

the whole plant (Liu et al., 2009; Mustafa, Hamid, Mohamed, &

Bakar, 2010).

5.2 | Phytochemicals identified from the stem

The oil from the stem was composed of mono- (69.2%) and sesquiter-

pene (25.6%). A number of volatile oil components such as camphene,

caryophyllene, caryophyllene oxide, decanal, eucalyptol, gurjunene,

limonene, linalool, pentadecane, terpineol, terpinolene, and so on are

identified from the stem of P. longum (Varughese, Unnikrishnan, Dee-

pak, Balachandran, & Rema Shree, 2016).

5.3 | Phytochemicals identified from the leaf

The leaves of P. longum are dominated by essential oils. Bhuiyan et al.

have isolated 70 volatile components from the leaf of P. longum such

as Bornyl acetate, cadinene, camphene, caryophyllene, cubenol, cyclo-

hexane, elemol, humulene, linalool, nerolidol, verrucarol, α-himacha-

lene, β-elemene, β-selinene, δ-guaiene, α-eudesmol, α-humulene,

α-cadinol, α-muurolene, β-eudesmol, β-myrcene, and δ-cadinol

(Bhuiyan, Begum, & Anwar, 2008).

5.4 | Phytochemicals identified from the
inflorescence

A report of 30 volatile components were reported from the P. longum

inflorescences using the gas chromatography–mass spectrometry

(GC–MS) electron impact ionization method. The compounds were

caryophyllene, nerolidol, cinnamyl acetate, α-pinene, eugenol, ace-

tate, acetate, humulen-(v1), 2-heptanol, phytol, pinene, α-elemene,

and limonene (Bhuiyan et al., 2008). Miscellaneous compounds such

as n-eicosane; n-heneicosane; n-hexadecane; n-heptadecane;

ρ-methoxyacetophenone; n-octadecane; and β-phenylethanol were

also identified from the P. longum inflorescence (Handa, Sharma, &

Nigum, 1963).

5.5 | Phytochemicals from the fruits

P. longum fruit contains a number of phytochemicals, mostly amide

alkaloids, lignans, ester, organic acid, sterol, and volatile oils which are

identified and quantified by many researchers. The fruits were also

positive for the presence of volatile oil, starch, proteins, alkaloids,

saponins, carbohydrates, and amygdalin, while they were negative for

tannins (Bedi & Atal, 1971; Dutta, Banerjee, & Roy, 1975). Boa et al.

measured the alkaloid piperine yield (16.58 ± 0.02 mg/g) from the

dried fruit of P. longum and the yield of piperlonguminine was found

to be 0.80 ± 0.02 mg/g (Bao et al., 2012). Along with these two com-

pounds, pipernonaline and piperoctadecalidine were also isolated from

the fruit and showed antiplatelet activity (Park, Son, Park, Kim, &

Lee, 2007). Dehydropipernonaline and tetrahydropiperine were also

identified from the P. longum fruit extracts (Madhusudhan &

Vandana, 2001; Shoji et al., 1986). The compound sarmentine, isolated

from the ethanol solution fruit extract, was found to be phytotoxic

whereas pipyahyine from a petroleum ether fruit extract exhibited lar-

vicidal activity against Culex quinquefasciatus (Huang, Morgan, Asolkar,

Koivunen, & Marrone, 2010; Madhu, Vijayan, & Shaukath, 2011). MS

of the methanol extract of P. longum fruit revealed the presence of

alkamides such as piperine, pipercide, retrofractamide C, pellitorin,

piperloein B, guineesine, dehydroretrofractamide C, pipernonaline,

dehydropipernonaline, and P(2E,4Z,8E)-N-[9-(3,4-methylenedioxyphe-

nyl)-2,4,8-nonatrienoyl]-piperidine. Among these, pipernonaline, dehy-

dropipernonaline, and piperloein B were found to produce

antiproliferative activity against the IL-6 cancer cell line (Lee

et al., 2010). Piperlongumamide A, B, and C along with isopiperine,

chavicine, brachystamide B, guineensine, piperchabamide B, (2E,4E)-

N-dodecadienoylpiperidine, and piperolein B also isolated from the

fruit showed cytotoxic property against human lung cancer, human

leukaemia, breast cancer, rectal cancer, and liver cancer (Yang

et al., 2013). Petrol fraction and ethanol extract of P. longum fruit also

possessed a number of alkaloids such as piperlongumine, piperlongu-

minine, norcepharadione B, cepharadlone B, cepharanone B,

cepharadlone A, aristolactam AH, piperolactam A and B, and pipera-

dione (Desai, Prabhu, & Mulchandani, 1988). Piper longum fruits have

been reported to contain a number of compounds in their volatile oils

such as β-pinene, eugenol, 3-carene, β-elemene, βcaryophyllene,

germacrene D, cubenol, zingiberene, cadina-1,4-diene, D-limonene,

and β-eudesmol identified by GC–MS from the solid phase microex-

traction and microwave heating methods (Liu et al., 2007). Around

44 volatile oil components were identified from P. longum fruit that

produced 0.6% oil (Shankaracharya, Jaganmohan Rao, Pura Naik,

et al., 1997; Tewtrakul et al., 2000). Varughese et al. found that the

fruit oil contains monoterpene hydrocarbons (71.5%) with β-pinene as

the single largest component (Varughese et al., 2016). A number of

phenolic and flavonoid compounds were isolated and identified from

P. longum. The presence of flavonoid compounds such as quercetin,

caffeic acid, and kaempferol and phenolic compounds such as bava-

chin, bakuchiol, and isobavachalcone were identified from the fruits of

P. longum (Ohno et al., 2010).
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5.6 | Phytochemicals identified from the seed

Lignans such as sylvatine and dieudesmin were reported in the seeds,

as well as iso-fatty acids like palmitic, hexadecenoic, stearic, linoleic,

oleic, arachidic, and behenic acids, along with higher saturated acids

(Bedi & Atal, 1971; Dutta et al., 1975). The presence of lignans includ-

ing sesamin, sylvatin, and diaeudesmin were reported from the petro-

leum ether extract of P. longum seeds (Dutta et al., 1975). Lignin

molecules such as (+)-asarinine and pluviatilol were also found in the

seeds (Parmar et al., 1997).

5.7 | Phyochemicals identified from the roots

The result showed that the root oil was dominated by monoterpene

hydrocarbons (62.0% of the total oil) and sesquiterpene hydrocarbons

(27.5% of the total oil) (Varughese et al., 2016). Essential oils cam-

phene, caryophyllene, cis-ocimene, eucalyptol, humulene, limonene,

pentadecane, tridecane, α-phellandrene, α-pinene, β-elemene, β-myr-

cene, β-phellandrene, β -pinene, δ-elemene, δ-cadinol; amide alkaloid

such as piperlongumine, cepharadione A, cepharanone B, aristolactam

AII, norcepharadione B, piperolactum A, piperadione, terpenes like

dihydrocarveol, zingiberene, ρ-cymene, terpinolene are also identified

from P. longum roots in various investigations (Chatterjee &

Dutta, 1967; Desai et al., 1988; Dutta, Banerjee, Sil, & Roy, 1977; Liu

et al., 2009).

Varughese et al. found 0.026%, 0.054%, 0.1%, and 0.077% vola-

tile oils produced from the stem, root, fruit, and leaf respectively

which also contained 36, 38, 29, and 37 chemical constituents,

respectively (Varughese et al., 2016). A recent study identified

159 phytochemicals categorized into 26 different classes namely car-

boxylic acids and derivatives, isoflavonoids, cinnamic acids and deriva-

tives, napthalenes, phenanthrenes and derivatives, oxanes, phenol

ethers, organic nitrogen compounds, phenylpropanoic acids, pteri-

dines and derivatives, benzodioxole pyridines and derivatives, and so

on (Choudhary & Singh, 2017).

Phytochemicals reported from different parts of P. longum are

summarized in Table 2. Figure 5 presents the structures of phyto-

chemicals reported from P. longum (obtained from www.ChemSpider.

com and www.PubChem.com).

6 | PHARMACOLOGICAL ACTIVITIES

6.1 | Antiproliferative, anticancer, and antitumour
activities

Cancer is still an aggressive killer worldwide despite considerable

efforts are put into treatment procedures, stratagem, and researches.

Though novel synthetic chemotherapeutic agents are currently in clin-

ical use the strategies have not succeeded in attaining expectations till

date despite the considerable cost of their development (Solowey

et al., 2014). Therefore, there is a constant exigency to develop new,

effective, and affordable anticancer drugs (Coseri, 2009). About 60%

of the drugs currently used in the treatment of cancer are natural

product-derived (Gordaliza, 2007). Pipernonaline, a piperine derivative

isolated from P. longum was tested on androgen-independent human

prostate cancer PC-3 cells and androgen dependant LNCaP prostate

cells. The growth inhibition of PC-3 cells upon pipernonaline adminis-

tration occurred in a dose-dependent manner associated with the

accumulation of sub-G1 and G0/G1, down-regulation of CDK2, CDK4,

cyclin D1, and cyclin E, and up-regulation of cleavage of procaspase-

3/poly (ADP) ribose polymerase (PARP). Apoptosis was exhibited

through reactive oxygen species (ROS) production, depolarization of

the mitochondrial membrane, and Ca2+ homeostasis leading to the

downstream processes including activation of caspase-3 and cleavage

of PARP in PC-3 cells (Lee et al., 2013).

In another study, to validate the antiproliferative activity of

P. longum, the ethanol extract of the fruits was used to assess cell via-

bility by WST-1 assay, apoptosis induction by nuclear staining,

annexin V binding assay, terminal deoxynucleotidyl transferase dUTP

nick end labelling (TUNEL) staining, and tetramethylrhodamine methyl

ester (TMRM) staining employing different human cell lines. The effi-

cacy and toxicity were measured in vivo in CD-1 nu/nu immunocom-

promised Balb/C mice. The result indicated that the P. longum extract

facilitated caspase-independent apoptosis in cancer cells via targeting

the mitochondria, causing disruption of the mitochondrial membrane

potential (MMP) and an enhancement in ROS generation with no

influence on the noncancerous cells. The in vivo studies showed that

oral administration of the extract arrested the growth of colon cancer

tumours in immunocompromised mice, without any related toxicity

(Ovadje et al., 2014). In vitro anticancer potential of different solvent

extracts (chloroform, benzene, ethyl alcohol, and aqueous) of

P. longum were evaluated for their effects on human cancer cell lines

(DU-154 prostate, A-594 lungs, THP-1 leukaemia, IGROV-1 ovary,

andMCF-7 breast) via disruption of cell cycle progression. The highest

toxicity (91–95%) was observed on A-594 cell lines using hexane,

benzene, and acetone extracts. Hexane extract displayed 90–92%

cytotoxicity against A-594, THP-1, IGR OVI-1, and MCF-7 cell lines

(Sharma, Kumar, Chashoo, Saxena, & Pandey, 2014). Methanol extract

of the P. longum fruits showed 100% toxicity on Dalton's lymphoma

ascites (DLA) cells and Ehrlich ascites carcinoma (EAC) cells in a dose-

dependent manner. The extract also demonstrated cytotoxicity

against L929 cells. Inhibition of solid tumour development was

observed in DLA cells induced mice with administration of alcoholic

extract of P. longum alongside an increase in the life span of mice

bearing Ehrlich ascites carcinoma tumour (Sunila & Kuttan, 2004).

Hydroalcoholic extract of fruits also exhibited antiproliferative activity

towards human colon cancer Colo205 cell line (Gaidhani et al., 2013).

Ethanol extract of the fruits, supercritical fluid extract (SE) and

isolated compounds from the plant exhibited significant cytotoxicity,

reduced colony formation, inhibited cell migration, and promoted

apoptosis through increased cleaved PARP and ratio of Bax/Bcl-2

in HepG2, HeLa, and SKOV-3 human cancer cell lines (Guo

et al., 2019). In vitro anticancer activity of P. longum root extract was

reported on LN-CAP human prostate cancer cells in a concentration
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and time-dependent manner (Deeparani & Jayakumari, 2019). Piper

longum root extract was also recorded to inhibit the growth of MCF-7

human breast cancer cells growth (Urolagin & Jayakumari, 2018). Piper

longum was also used to evaluate the antiproliferative activity or cyto-

toxicity on a human liver cancer cell, Hep G2. The methanol extract of

P. longum was found to possess antiproliferative potency (Aung,

Myint, Myint, & Than, 2020).

In a study, intracerebral implantation of C6 glioma cells in albino

Wistar rats was performed to induce glioma which showed increased

levels of kinase (CK), 50 nucleotidase (50ND) and acetylcholine ester-

ase (AChE). Pre-administration of P. longum leaves, extracted in petro-

leum ether significantly attenuated these alterations and was proved

to be a potent anticancer agent in glioma-induced rats (Subramanian,

Poongavanam, & Vanisree, 2010).

Antiproliferative, anticancer, and antitumour activities of the plant

on various human cancer cell lines are mainly mediated by inhibition

of oxidative stress, induction of apoptosis, disruption of mitochondrial

function, and regulation of biochemical markers. The solvent extracts

of various plant parts along with piperine and pipernonaline-rich frac-

tions exhibited anticancer properties. The reports also demonstrate

selective cytotoxicity of P. longum towards various cancer cells

besides providing anticancer properties, as evidenced by Ovadje

et al., 2014, and Sunila & Kuttan, 2004, who recorded the decline in

tumour size, enhancement in the life span of cancer-affected mice

and arresting tumour growth in immunocompromised mice. Majority

of anticancer studies involved cellular and animal models analysing

the cytotoxicity and pro-apoptotic activities of the crude extracts/

fractions. In addition, no ethnopharmacological relevance of its anti-

cancer activities was retrieved from the literature. Therefore, the pre-

liminary nature of the in-vitro anticancer investigations is mostly

limited to human cancer cell lines in reporting the cytotoxicity and

pro-apoptotic activities of the extracts and the phytochemicals.

Therefore, more clinical trials are needed to validate the anticancer

properties of the plant and its phytochemicals in humans especially

targeting the relevant genes and pathways involved in autophagy.

Antiproliferative, anticancer, and antitumour activities of P. longum are

summarized in Table 3.

6.2 | Neuro-pharmacological activity

Mental, neurological, and behavioural disorders are common in all

countries, which cause immense suffering across the world. People

with these disorders often suffer social isolation, poor life quality, and

elevated mortality rate. Habituation, dependence, and probable addic-

tion are among the many shortcomings of modern synthetic psycho-

pharmacological drugs. Abrupt discontinuation of long-term therapy

with these agents often causes serious withdrawal symptoms. There-

fore, modern society is constantly exploring the efficacies of tradi-

tional herbal remedies, particularly those found effective in controlled

studies and which in many instances displayed even better galenic

properties than conventional medicines. In addition, ethnopharmaco-

logical claims of using this plant against neurological disorders and asT
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F IGURE 5 Structures of phytochemicals reported from P. longum (obtained from www.ChemSpider.com and www.PubChem.com) (1) β-
sitosterol, (2) retrofractamide C, (3) dehydroretrofractamide C, (4) daucosterol, (5) pipercide, (6) guineensine, (7) isopiperine, (8) brachystamide B,
(9) chavicine, (10). piperchabamide B, (11). piperolein B, (12). cepharadione A, (13) cepharadione B, (14) sarmentine, (15) cepharanone A,
(16) aristolactam AII, (17) piperolactum C, (18) piperolactum A, (19) norcepharadione B, (20) piperadione, (21) bisdemethoxycurcumin,
(22) coumaperine, (23) longamide, (24) pluviatilol, (25) demethoxycurcumin, (26) sesamin, (27a) asarinine, (27b) (�)-asarinine, (28) sylvatine,
(29) diaeudesmin, (30) (Z,E)-α-farnesene, (31) 1-methylhexyl acetate, (32) 1-pentadecene, (33) 1-tridecene, (34) 2,4-dodecadienal, (E,E)-,
(35) 26,27-dinorergosta-5,23-dien-3-ol, (3β)-, (36) 2-acetoxytetradecane, (37) 2-butenal, 2-methyl-4-(2,6,6-trimethyl-1-cyclohexen-1-yl)-,
(38) 2-heptanol, acetate, (39) 2-methoxybenzyl acetate, (40) benzenepropyl acetate, (41) bisabolene, (42) bornylacetate, (43) butylated
hydroxytoluene, (44) cadinene, (45) caryophyllene, (46) camphene, (47) butylated hydroxytoluene, (48) cinnamyl acetate, (49) copaene,
(50) cubenol, (51) sitosterol, (52) eucalyptol, (53) germacrene D, (54) δ-cadinol, (55) catechin, (56) quercetin, (57) myricetin, (58) kaemferol,
(59) apigenin, (60) naringenin
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neuroprotective and psychoactive have been supported by pharmaco-

logical evidence. The following section depicts the plethora of neuro-

protective and psychoactive properties of P. longum which are also

tabulated in Table 4.

6.2.1 | Anti-Alzheimer's disease activity

Alzheimer's disease (AD) is a common neurodegenerative disorder

characterized by cerebral amyloid deposits, synaptic dysfunction in

the brain, neurofibrillary tangle formation, and progressive cognitive

impairment (Sosa-Ortiz, Acosta-Castillo, & Prince, 2012). Sirtuin

1 (Sirt1), an unusual target for aging and aging-associated diseases has

been shown to modulate synaptic plasticity and memory formation

(Gao et al., 2010) and attenuate neurodegenerative disorders, includ-

ing AD (Qin et al., 2006). Piperlongumine isolated from P. longum fruit

activated the deacetylase ability of Sirt1 in hippocampal neurons and

attenuated cytotoxicity induced by intra-neuronal Aβ1-42 expression

in vitro. Oral administration of piperlongumine reduced the occupied

area of β-amyloid in the parietal cortex of APP/PS1 mice. The treat-

ment also decreased the activated microglia and astrocytes in the cor-

tex and significantly increased the vesicular glutamate transporter

1 (VGLUT1) in the hippocampus of APP/PS1 mice suggesting the

therapeutic potential of P. longum to attenuate AD-like pathology (Go

et al., 2018). Acetylcholinesterase (AChE) inhibitors are thought to be

the best therapeutic option for AD to date. Dichloromethane extract

of the fruits was found to inhibit AChE which was observed via thin

layer chromatography (TLC)-bio-autography (Khatami et al., 2020).

Application of P. longum against AD has mostly been correlated to

its ability to reduce dementia, restore cognitive functions and reduce

the symptoms. A detailed study is needed to find out the modulation

of cerebral function and related signal transduction mechanisms fol-

lowing its administration.

6.2.2 | Anti-Parkinson's disease activity

Parkinson's disease (PD) is the most common chronic neurodegenera-

tive disease, characterized clinically by resting tremor, rigidity, brady-

kinesia, postural instability, and loss of pigmented dopaminergic

neurons in the substantia nigral pars compacta (SNpc) of the midbrain

attendant projections to the putamen. Accumulation of intracellular

protein aggregates, Lewy bodies, and Lewy neurites, composed pri-

marily of the protein α-synuclein is also the major hallmarks of this

disease (Braak & Del Tredici, 2008). Neuroprotective effect of the

extract of P. longum seeds, prepared in 85% ethanol, containing piper-

ine and piperlongumine was observed in 1-methyl-4-phenyl-1,-

2,3,6-tetrahydropyridine (MPTP)-induced PD in C57BL/6 mice which

was probably mediated by antioxidation mechanism. The extract sig-

nificantly increased the levels of dopaminerigic (DA) neurones and

GABA identified by UPLC-MS/MS analysis, increased glutathione

(GSH) level and superoxide dismutase (SOD) activity, and decreased

the lipid peroxidation of malondialdehyde (MDA) in mice (BiT
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et al., 2015). Ethanol extract of the fruits containing alkaloids exhib-

ited a neuroprotective effect in 6-hydroxydopamine (6-OHDA)-

induced PD rats when injected into the unilateral striatum. Piper

longum extract administration decreased the time stayed on the rotary

rod and significantly reduced the number of tyrosine hydroxylase

(TH)-positive cells in substantia nigra and the density of TH-positive

fibers in the striatum. The neuroprotective mechanism of the extract

was attributed to its antioxidant activity (Zheng et al., 2014). In

another experiment, improvement in behavioural dysfunction, as well

as survival rate of tyrosine hydroxylase-immunoreactive (TH-ir) neu-

rons in the SNpc and dopamine DA levels in the striatum, were

observed following the administration of ethanol extract of the fruits

in lipopolysaccharide (LPS)-induced Sprague–Dawley rats. Over-

activated microglial cells were found to be suppressed, levels of

inflammatory cytokines (TNF-α, IL-6, and IL-1β) were decreased and

excessive production of ROS and NO were abolished following

P. longum extract treatment (He et al., 2016). Alkaloids (piperine and

piperlongumine) isolated from the extracts have exhibited protective

effects in rotenone-induced PD in Wistar rat models. The observed

protective effects involved improvement in rotenone-induced motor

deficits, decrease in ROS production, stabilization in MMP, and inhibi-

tion of the opening of the mitochondrial permeability transition pore

(mPTP). These alkaloids also abrogated apoptosis, stimulated autop-

hagy, and mitigated neuronal injury suggesting their potential neuro-

protective effect in the treatment of PD (Wang et al., 2016). Piperine

isolated from the plant facilitated the protein phosphatase 2A (PP2A)

and suppressed MTORC1 activity, thereby increasing autophagy in

experimental PD models (Liu et al., 2016). Piperlongumine, another

important alkaloid extracted from P. longum primarily restored autop-

hagy via modulating BCL2 phosphorylation as it exhibited neuropro-

tection in the rotenone-induced PD mice model (Liu et al., 2018).

In the above-mentioned studies, the anti-PD properties of

P. longum were mostly attributed to its ability to attenuate oxidative

stress. Piper longum was mostly cited as a preventive anti-PD treat-

ment owing to its multi-targeted efficacy against PD.

6.2.3 | Antidepressant activity

Monoamine oxidase (MAO) catalyses the oxidative deamination of

monoamine neurotransmitters such as serotonin, dopamine, and nor-

epinephrine, and appears to play important roles in several psychiatric

and neurological disorders. MAO-A inhibitors are useful in the ther-

apy of mental disorders, mainly as antidepressants, whereas MAO-B

inhibitors are expected to be useful in the therapy of PD and AD

(Jegham & George, 1998; Shih, Chen, & Ridd, 1999). Piperine,

obtained from P. longum fruit showed an inhibitory effect against

MAO-A nd MAO-B and also reduced the immobility times in the tail

suspension test similar to the antidepressant drug fluoxetine (Lee

et al., 2005). The antidepressant activity of volatile oil from P. longum

fruit, investigated by the force swim method in albino mice, was

found to be more potent than fluoxetine (Khan, 2015). In another sim-

ilar experiment, methylpiperate, guineensine, and piperlonguminineT
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were isolated; methylpiperate and guineensine showed significant

MAO inhibitory activities; also methylpiperate selectively inhibited

MAO-B over MAO-A (Lee et al., 2008). In a tail suspension test with

adult male Swiss albino mice, methanol extracts of the fruits contain-

ing piperine and root containing piperlongumine, were found to

shorten the immobility period following administration (Yadav

et al., 2016).

6.2.4 | Antistress activity

Constant exposure to stresses in our daily life increases free radicals,

and produces damage to neuronal receptors and a variety of tissues,

which are hallmarks for a variety of diseases and disorders such as dia-

betes mellitus, hypertension, depression, anxiety, AD, immunosup-

pression, vascular disorders, cancer, male infertility, cognitive

dysfunction, peptic ulcer, ulcerative colitis, ageing, arthritis, athero-

sclerosis, liver disease, and so on (McEwen, 2007; Uttara, Singh, Zam-

boni, & Mahajan, 2009). In a recent experiment, the stress resistance

capacity of P. longum was investigated with the methanol extract of

fruits containing piperine and piperlongumine in adult male Swiss

albino mice against foot shock stress triggered alteration in body

weights and core temperatures. The proper mechanism of action was

not yet clear; however, the observations suggested that the extract

might involve in desensitizing the stress-triggered hypersensitivity

and might possess NSAID-like antinociceptive activity (Yadav

et al., 2016). Juvekar et al. investigated the adaptogenic and antistress

activities of the aqueous extract of P. longum fruit against chronic cold

restraint stress and measured the biochemical perturbations in Spra-

gue Dawley rats (Juvekar et al., 2008). To evaluate the antistress

activity of daily treatment of P. longum, ethanol extract of fruits in rats

subjected to forced swim stress, noninvasive urinary biomarkers such

as vanillylmandellic acid, 5-hydroxyindoleacetic acid, homo vanillic

acid, and ascorbic acid were estimated. The antistress activity of the

extract was mostly attributed to its antioxidant property (Kilari

et al., 2015). A similar kind of antistress activity was observed in the

rat stress model where noninvasive biomarkers such as vanillylmande-

lic acid, 5-hydroxyindoleacetic acid and ascorbic acid in urinary excre-

tions were normalized by the aqueous extracts of P. longum also

indicating a possible correlation between urinary excretion of biogenic

amine metabolites and stress (Srikanth & Venkatesh, 2012). The meth-

anol extract of P. longum fruits was assessed for its antistress activity.

Mice treated with the extracts showed dose-dependent increase in

swimming performance time, fall in all the biochemical parameters,

GSH and LPO levels, and neurotransmitters such as dopamine, nor-

adrenaline, and serotonin levels in rat brain (Nanjappaiah et al., 2017).

The primary drawback in evaluating the antistress properties of

the plant is the lack of validated and reproducible results in multiple

models. Studies also didi not support the participation of the HPA axis

and many biochemical modulations were nonspecific for stress

responses. Validated pharmacological investigations are needed to

clarify the underlying mechanism of adaptogenic properties of the

plant and its components.

6.2.5 | Central nervous system depressant activity

Central nervous system (CNS) depressant activity of the methanol

extract obtained from P. longum leaves was evaluated using open field

and hole cross tests. The results showed that the plant extract had

significant dose-dependent CNS depressant properties with reduced

locomotor activity (Mamun et al., 2011). Further investigations are

needed to understand the mechanism of its CNS depressant proper-

ties and proper dose forms. However, very little progress has been

made in elucidating CNS activity in relation to the pharmacokinetics

and the ability to cross the blood–brain barrier (BBB) of the Piper com-

pounds in humans.

6.2.6 | Nootropic effect

The nootropic potential of the aqueous extract of P. longum fruit was

assessed using a passive avoidance model and an elevated plus maze

model in Swiss Albino mice (Juvekar et al., 2008). Another experiment

also provided evidence in support of nootropic activity of the aqueous

extract of P. longum fruit. The effect was estimated in terms of loco-

motor and working memory in rats in the Y-maze apparatus. The

extract treatment prominently differentiated arm entries, duration of

time spent in the novel arm, transfer latency for the novel arm, and

spontaneous alteration behaviour of the rats compared to scopol-

amine treated groups (Kilari et al., 2015). Stress-induced memory loss

was also found to be reversed by aqueous extract of P. longum by rec-

tifying urinary excretion of biogenic amine metabolites in the rat

model (Srikanth & Venkatesh, 2012).

Above mentioned results indicated an exciting opportunity to fur-

ther exploit the pro-cognitive properties of P. longum as a memory

booster and also in attenuating cognitive impairment. However,

detailed studies are needed to explore the underlying signalling mech-

anisms and participation of the related receptors and neurotransmit-

ters in elucidating the nootropic effects of P. longum.

6.2.7 | Anticonvulsant and antiepileptic activities

Epilepsy is a common neurological disorder closely associated with

the generation of ROS and reactive nitrogen species which act on sei-

zures via the inactivation of glutamine synthesis that results in the

enhancement of L-glutamate levels in the brain. The altered concen-

tration of CNS-neurotransmitters, decreased gamma amino butyric

acid (GABA) transmission and voltage-gated channels are involved in

epileptic seizures (Sharma, Singh, et al., 2014). Piper longum fruit

extract exhibited protection against pentylenetetrazole (PTZ)-induced

convulsions but failed to protect against strychnine and

4-aminopyridine-induced convulsions. The brain of mice treated with

the extracts showed a diminution in GABA levels in comparison to the

vehicle-treated mice clearly indicating the involvement of GABAergic

mechanisms in the anticonvulsant activity (Juvekar et al., 2008). The

potential anticonvulsant activity was also observed following the pre-
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treatment with ethanol and aqueous extracts of P. longum fruit in

audiogenic stimulus-induced seizures and maximal electroshock sei-

zures (MES)-induced albino rats (Sharma, Kumar, et al., 2014; Sharma,

Singh, et al., 2014).

The above-mentioned reports have provided the role of the

GABAergic system following P. longum administration. In-depth stud-

ies on cellular and animal models are needed to explore the role of

GABA receptors and its interaction with other receptors, neurotrans-

mitters, and channels following P. longum treatment. Limited evidence

indicated P. longum's potential against acute seizures; however, its role

against chronic seizures has not been elucidated yet. Besides, more

studies regarding its toxicity and ability to cross BBB and further

efforts to minimize its side effects on normal cognitive properties are

needed to be performed.

6.3 | Antiinflammatory, analgesic, antiarthritic, and
antiosteoporotic activities

Analgesic and antiinflammatory agents are clinically remarkable

NSAID, continuous consumption of which may cause gastro intestinal

ulcer, bleeding, and renal diseases due to nonselective inhibitors of

both COX-1 and COX-2 (Kaushik, Rani, Kaushik, Sacher, &

Yadav, 2012). Oral suspension of P. longum root aqueous extract was

found to exhibit opioid-type analgesic effect and NSAID-type analge-

sia (Vedhanayaki, Shastri, & Kuruvilla, 2003). Mamun et al. found that

the methanol extract of leaves reduced the number of writhes and

licking time in Long-Evans rats by acetic acid induced writhing method

and formalin test compared to reference drug indomethacin. The anal-

gesic effect of the Piper extract was implicated in the presence of

phytochemicals modulating prostaglandin pathways (Mamun

et al., 2011). Methanol extract of the leaves was evaluated for carra-

geenan and dextran-induced paw oedema and cotton pellet-induced

granuloma in Wistar rats. The results indicated that the carrageenan

and dextran-induced inflammation and oedema were inhibited via the

suppression of COX-2 and antihistamine or antiserotonin activities,

respectively (Vaghasiya, Nair, & Chanda, 2007). A significant antiin-

flammatory effect was also observed in carrageenan-induced rat paw

oedema in rats treated with P. longum fruit oil in comparison to the

ibuprofen treatment (Kumar et al., 2009). Another experiment was

conducted using two varieties of P. longum to evaluate their antiin-

flammatory effects in carrageenan-induced and formaldehyde-

induced paw oedema in rats. Oral administration of aqueous extract

showed antiinflammatory effect. Chhoti variety of the plant sup-

pressed both acute and subacute types of inflammation, while the

Badi variety only suppressed the acute phase. The observed effects

were attributed to the inhibition of analgesic mediators, blocking their

interactions with respective receptors and also by increasing cell

membrane stability (Kumari, Ashok, Ravishankar, Pandya, &

Acharya, 2012). Methanol extract of the fruit and piperlongumine

were found to possess significant analgesic effects e in hot plate tests

and in acetic acid-induced writhing tests in adult male Swiss albino

mice (Yadav et al., 2016). Chauhan et al. found that supercritical fluid

extract (SE) and isolated compounds possessed antiinflammatory

effects stronger than indomethacin in RAW 264.7 murine macrophage

cells by means of NO inhibition (Guo et al., 2019). Piper longum was

found to be effective against inflammation in a rat model with cere-

bral ischemia. The antiinflammatory activity was exhibited by suppres-

sing the expression or production of IL-1β, IL-6, and TNF-α. The

treatment with the fraction also showed reducing oxygen-free radicals

through increased SOD activity and decreased malonaldehyde levels

(Wang et al., 2017). Antiinflammation was also observed in permanent

focal cerebral ischemia injury in rats subjected to permanent middle

cerebral artery occlusion (pMCAO). Dichloromethane fraction (DF) of

P. longum alleviated neurological deficits and ischemia-induced cellular

damage. Besides the levels of PSD-95 and syn-I proteins and p-CaMK

II, CaM, and NR2B were also increased. Ultrahigh-performance liquid

chromatography-quadrupole time-of-flight mass spectrometry (UPLC-

Q-TOF/MS) revealed eight major constituents in the DF of which pip-

erine was present in the largest amount. This work validated the use

of P. longum as an ingredient in traditional Chinese Hui medicine in

the treatment of stroke (Hua et al., 2019). One of the main constitu-

ents of P. longum, retrofractamide C was isolated and investigated for

antiinflammatory effect on lipopolysaccharide (LPS)-induced J774A.1

cells and a xylene-induced mouse ear oedema model. The results

showed decreased nitric oxide (NO) and prostaglandin E2 (PGE2)

secretion and inducible cyclooxygenase 2 (COX2) and NO synthase

(iNOS) protein expression. Interleukin-1β (IL-1β) and interleukin-6 (IL-

6) expression were downregulated and phosphorylation of extracellu-

lar signal-regulated kinase (ERK) and nuclear factor kappa light chain

enhancer of activated B cells (NF-κB) were inhibited. RAC treatment

also alleviated oedema formation and inflammatory cell infiltration in

the xylene-induced mouse ear oedema model (Lim et al., 2020).

Rheumatoid arthritis is a chronic inflammatory autoimmune dis-

ease of synovial joints characterized by severe bone destruction.

Aqueous extract of the fruits of P. longum was evaluated for antiar-

thritic activity in Freund's adjuvant-induced arthritis containing 1 mg

dry heat-killed Mycobacterium tuberculosis injection in Wistar rats. The

aqueous extract significantly reduced the paw swelling suggesting

P. longum extract as a potential antiarthritic agent mediated by its

immuno-protective ability (Yende, Sannapuri, Vyawahare, &

Harle, 2010). Piper longum fruit extract increased osteogenic differen-

tiation of human Wharton's Jelly Mesenchymal Stem Cells (WJMSCs)

coupled with a significant decline in apoptotic cells. In addition, the

extract facilitated Ca2+ accumulation and matrix mineralization

(Sanap, Joshi, Shah, Tillu, & Bhonde, 2021). Piper longum roots and

fruits exhibited weak opioid but potent NSAID type of analgesic activ-

ity which to some extent supports its ethnopharmacological use as a

febrifuge (Table 1). Methanol extract of fruit and piperlongumine com-

pound demonstrated a significant analgesic effect.

Ethnopharmacological claim of using P. longum as a potent antiin-

flammatory and analgesic has not been fully validated for an underly-

ing mode of action in cellular and animal models. In addition, no

correlation has been reported on the impact of the plant extract and

its metabolites on vanilloid receptors. Therefore, further studies are

needed to elucidate the involvement and interaction of various
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signalling pathways involved in P. longum-mediated antiinflammatory

and analgesic properties. Antiarthritic properties are likely to be linked

with immunomodulatory activities and impairment of histamine

release from the mast cell. Therefore, the plant extracts and the frac-

tions deserve in-depth investigations to find out the bioactive com-

pounds responsible for its antiarthritic potential. However, limited

biochemical analysis and toxicological information as well as unestab-

lished dose-effect relationships restrict the applicability of the plant

extracts against arthritis. Therefore, more insights into the antiarthritis

effects are needed to elucidate the involvement of signalling path-

ways and their interaction with P. longum preparations.

In ethnomedicine, the plant is very commonly used as a febrifuge.

Therefore, the plant extracts and its compounds may further be tested

for potential bioactive molecules active against fever and pain. Osteo-

porosis, a common disease in senior individuals, is indicated by low

bone mass with an enhanced risk for bone fracturing due to minor

trauma. The surgeries and medication require a long recovery period

and are very expensive. Piper longum exhibited promising antiosteo-

clastic activity without exhibiting any toxic effects. Therefore, osteo-

genic potential of the plant can be clinically translated into

antiosteoporotic agent development. Antiinflammatory, analgesic, and

antiarthritic activities of P. longum are mentioned in Table 5.

6.4 | Antihyperglycaemic activity

Diabetes mellitus is one of the significant metabolic syndromes that

accounts for the highest morbidity and mortality worldwide, charac-

terized by carbohydrate, lipid, and protein metabolism abnormalities

due to incomplete or relative insufficiency of insulin secretion from

pancreatic β-cells and/or imbalance in insulin action (Unger &

Foster, 1998). Antihyperglycaemic activity of P. longum was observed

in streptozotocin-induced albino Wistar rats. Root extracts of indiffer-

ent solvents (hexane, ethyl acetate, methanol, and aqueous) were

administered for short and long-term studies. The result showed a sig-

nificant antihyperglycaemic effect of the methanol and aqueous

extracts. In addition, the aqueous extract showed a superior antidia-

betic effect with a significant decrease in FBG levels with the correc-

tions of diabetic dyslipidaemia. The plant extracts reduced the marker

protein HbA1c for glycation in diabetes mellitus and probably

enhanced glucose utilization to decrease the blood glucose level (Nabi

et al., 2013). In another experiment, essential oils from the root were

administered in streptozotocin- and nicotinamide-induced type 2 dia-

betes mellitus in albino Wistar rats. The essential oil significantly

reduced the blood glucose level, increased body weight, the levels of

liver glycogen content and plasma insulin, and decreased the level of

glycosylated haemoglobin. Antihyperglycemic properties of the essen-

tial oil were implicated in the reduction of α-glucoside and aldose

reductase enzyme activities (Kumar, Sharma, & Vasudeva, 2013).

Alloxan monohydrate-induced diabetic Wistar rats treated with etha-

nol extract of the root exhibited improved blood glucose content, lipid

profile, glycogen content (liver and muscles), serum insulin content,

glucose 6-phosphatase, and hexokinase in the liver (Chaurasia &

Das, 2013). A similar experiment was performed with ethanol extract

of the fruits which corrected the metabolic alterations by the activities

of several carbohydrates metabolizing enzymes (hexokinase, glucose-

6-phosphatase, glucose-6-phosphate dehydrogenase, fructose-

1.6-bisphosphatase, and glycogen phosphorylase) in alloxan-induced

diabetic rats (Shanmugam Manoharan, Vasudevan, &

Balakrishnan, 2007). In silico approach with molecular docking tech-

nique confirmed a few important phytochemicals namely piperine,

piperlongumine, piperlonguminine, and retrofractamide A acting as

inhibitors for dipeptidyl peptidase-4, GKRP, glutamine-fructose-

6-phosphate transaminase 1, 11β-hydroxysteroid dehydrogenase type

1, and protein tyrosine phosphatase 1B, which are involved in the glu-

cose digestion and increment in insulin affectability and thus proving

the efficacy of P. longum against diabetes (Thakuria, Laskar, &

Adhikari, 2020).

P. longum attenuated a number of diabetes-related primary symp-

toms including enhanced blood glucose level, oxidative stress, reduc-

tion of antioxidant marker enzymes, and total soluble protein,

validating its popular traditional use as an effective antihyperglycae-

mic agent. Ayurveda has also recognized P. longum against diabetes.

The above-cited reports also present some pre-clinical evidence in the

treatment of diabetes and allied complications.

6.5 | Antihyperlipidaemic activity

Han et al. synthesized a novel starch piperinic ester with hyperlipidae-

mic activity with the isolated piperine from the seed extract of

P. longum; hydrolysed it to piperic acid; then activated the piperic acid

by reacting with carbonyldiimidazole (CDI) in dimethyl sulfoxide

(DMSO), and finally reacted with water-soluble starch to obtain

piperinic ester. Hyperlipidaemia was introduced in Wistar rats by

feeding them with cholesterol-rich diet. Piperinic ester was investi-

gated with different pharmacological tests and the results exhibited

reduced serum total cholesterol (TC), total triglyceride (TG), low-

density lipoprotein cholesterol (LDL-C), very low-density lipoprotein

(VLDL), and increased high-density lipoprotein cholesterol (HDL-C)

indicating it as a novel antihyperlipidaemic pro-drug candidate (Han

et al., 2008). In vivo hyperglycaemic activity of P. longum was assessed

with the obtained piperlonguminine, piperine, and pipernonaline from

the ethanol extract and fractions of fruit and on hyperlipidemic Wistar

rats fed with a cholesterol-rich diet. The result showed lowered serum

total cholesterol and slightly decreased serum triglyceride when com-

pared to that of the commercial antihyperlipidaemic drug simvastatin

(Jin et al., 2009). Another experiment was conducted where antihy-

perlipidaemic activity of P. longum was measured in streptozotocin

and nicotinamide-induced diabetic Wistar mice. Administration of

essential oil from P. longum fruit containing piperine was found to

increase the body weight, HDL and to decrease triglyceride, and total

plasma cholesterol in the animals. The antihyperlipidaemic activity of

the essential oil was possibly attributed to the inhibition of pancreatic

lipase enzymes (Kumar et al., 2013). The antihyperlipidaemic activity

of the aqueous extract of P. longum roots was also evaluated in the
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streptozotocin-induced diabetic albino Wistar rats that resulted in

decreased TC, LDL, VLDL, triacylglycerol, cholesterol, and increased

HDL levels besides potentiating protection against atherogenicity

(Nabi et al., 2013). Mungunnaran et al., isolated piperine from

P. longum and synthesized a derivative named piperlonguminine acid,

which was administered to high-fat diet-fed hyperlipidemic rats. A sig-

nificant decrease in the levels of serum TC, TG, and LDL-C was

observed while, HDL-C level was increased (Mungunnaran, Gereltu, &

Bayarmaa, 2018).

Investigations revealed that diabetic dyslipidemia was corrected

and lipid profile was improved in the experimental rats following the

administration of the P. longum. However, this primary data necessi-

tates elaborate clinical studies and dose-optimization to prove the

efficacy of the plant in the dietary management of diabetic as well as

hyperlipidaemic patients. Antihyperglycaemic and antihyperlipidaemic

activities of P. longum are presented in Table 6.

6.6 | Antioxidant activity

Ethanol extract of the P. longum fruits when administered in monoso-

dium glutamate (MSG)-induced oxidative stress in rats, offered pro-

tection to the liver and the kidney from oxidative stress by reducing

lipid peroxidation, aspartate aminotransferase (AST) activity, TG, and

TC and by increasing GSH level (Thomas, Sujatha, & George, 2009).

Different solvent (hexane, ethyl acetate, methanol, and 70%

methanol–water) extracts of the fruit and isolated apigenin 7, 40-

dimethyl ether (ADE) were used to assess the antioxidant property by

in vitro total reducing power (TRP) assay, 2,2-diphenyl-

1-picrylhydrazyl (DPPH) assay, hydroxyl radical scavenging assay and

SOD activity in HepG2 cell line and inhibition of human LDL oxidation

in vitro (Krishna, Joy, & Sundaresan, 2015). Hydro-alcoholic extract

and ethyl acetate fractions exhibited a free radical scavenging effect

in the DPPH assay (Chaudhary et al., 2013). In another experiment,

the antioxidant activity of the ethanol extract of the seeds of

P. longum was investigated via in vitro DPPH assay and superoxide,

NO, and hydroxyl radical scavenging activities (Ramesh, Hari, Pan-

dian, & Arumugam, 2011). In addition, the antioxidant activity of dif-

ferent solvent extracts of the fruits was evaluated using a ferric

reducing antioxidant power (FRAP) assay. The aqueous extract

exerted the highest activity followed by methanol and ethyl acetate

extracts in terms of free radical scavenging properties (Sawhney

et al., 2011). Jagdale et al. used petroleum ether extract of the roots

for in vivo DPPH scavenging, lipid peroxidase, and GSH assays in

myocardial ischemic Wistar rats and the result showed 71.13% inhibi-

tion of free radical, decreased lipid peroxidation, and maintained GSH

level indicating P. longum as a potent natural antioxidant agent

(Jagdale, Kuchekar, Chabukswar, Lokhande, & Raut, 2009). Methanol

extract of the leaves was also found to exhibit superoxide, hydroxyl,

lipid peroxide, and DPPH radical scavenging activity (Kumar &

Prathyusha, 2019). The antioxidant activity of ethanol and water

extracts of P. longum was evaluated by DPPH free radical scavenging

assay (Aung et al., 2020).

In some of the above-mentioned studies, the plant extract exhib-

ited superior antioxidant activities compared to the isolated com-

pounds. This may be implicated in the synergistic activities often

demonstrated by the crude extracts and fractions showing higher effi-

cacy than the pure compounds. In addition, DPPH and other free radi-

cal scavenging assays do not present a pharmacological basis limiting

their clinical applications. Besides, disease pathogenesis of a number

of ailments involves the generation of ROS which are subsequently

attenuated using antioxidants such as plant extracts and compounds.

Therefore, novel strategies dealing with the in vivo analysis of antioxi-

dant properties might be utilized to assess the antioxidant capacity of

plant extracts with possible therapeutic applications.

6.7 | Hepatoprotective activity

Chronic liver damage causes liver fibrosis which is a common cause of

death in human characterized by excessive scarring, enhanced pro-

duction and deposition of collagen due to decreased collagenolytic

activity that result in cirrhosis, liver failure, and hypertension and may

require liver transplantation (Latief & Ahmad, 2018;). Ethanol extract

of the P. longum fruits was chosen to evaluate its antifibrotic effect in

Wistar rats following liver fibrosis induced by carbon tetrachloride

(CCl4) with liquid paraffin (1:1) treatment. The study revealed that the

extract promisingly inhibited liver fibrosis by reducing the hydroxy-

proline and serum enzymes and also by decreasing liver weight

(Christina et al., 2006). Gurumurthy et al. studied the hepatoprotec-

tive activity of P. longum aqueous extract against hepatotoxicity

induced by antitubercular drugs (isoniazid, rifampicin, and pyrazina-

mide) in Swiss albino mice. Administration of aqueous extract of

P. longum increased the reduced GSH levels and decreased lipid per-

oxidation (Gurumurthy, Vijayalatha, Sumathy, Asokan, &

Naseema, 2012). Another experiment was performed where hepatic

damage was induced in Swiss albino mice by treating with CCl4 with

olive oil (1:1). Ethanol extract of the fruits and its five fractions (crude,

petroleum ether, ethyl acetate, butanol, and butanone) were screened

for hepatoprotective activity; significant activity was observed for

ethanol extract and butanol fraction which reduced the enzymes

serum glutamic oxaloacetic transaminase (SGOT) and serum glutamic

pyruvic transaminase (SGPT) (Jalalpure, Patil, Prakash, Hemalata, &

Manvi, 2003). In addition, P. longum fruit extract mixed with milk pro-

tected rats against CCl4-induced liver damage by decreasing the

levels of serum enzymes and by reducing the total bilirubin and direct

bilirubin (Patel, 2009). Ethanol extract of the seeds and a biherbal

extract prepared by mixing the plant with Melia azedarach leaves

extract were also found to reduce serum marked enzyme level and

the total protein, bilirubin, triglyceride, and urea were also restored,

singly or by mixing both. A similar experiment was conducted by

Samudram et al., which showed that the same biherbal extract main-

tained the levels of serum marker enzymes such as SGOT, SGPT, alka-

line phosphatase (ALP), acid phosphatase (ACP), and lactate

dehydrogenase (LDH) and attenuated liver toxicity induced by CCl4

(Samudram, Vasuki, Rajeshwari, Geetha, & Moorthi, 2009). Another
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biherbal ethanol extract prepared with the fruits of P. longum and the

leaves of Abutilon indicum (1:3) was found to inhibit liver damage

induced by CCl4 in olive oil (1:1 v/v, i.p) in adult Charles foster rats by

reducing the rise in the liver injury markers such as SGOT, SGPT, total

bilirubin, direct bilirubin, and ALP when administered prior to liver

injury (Sharma & Sahu, 2016). Sharma et al. observed the biochemical

efficacy of P. longum fruit against the aluminium chloride (AlCl3)-

induced hepatotoxicity in Wistar rats. The aqueous extract of the

fruits significantly attenuated the hepatic toxicity by altering SGOT,

SGPT, and ALP activities, as well as the creatinine and bilirubin con-

tent indicating P. longum exerts a protective effect against metal

induced hepatotoxicity (Sharma, Kumar, et al., 2014). Ethanol (40%)-

induced hepatotoxicity in Wistar rats was found to be cured by

administration of methanol extract with the reduction in elevated

serum hepatic biomarkers (AST, ALP, ALT, and TB), physical parame-

ters (liver weight and volume), and antioxidant enzyme (SOD, CAT,

and GPx) (Kumar & Prathyusha, 2019).

Some studies indicated the possible involvement of the P. longum

flavonoids in protecting the liver from different ailments. Most of the

studies indicated the modulation of hepatic biomarkers flowing

through the administration of the plant extracts. However, in a few

studies, a single acute dose was preferred whereas it was suggested

otherwise in another record. Therefore, many such investigations

appeared to be preliminary in nature with further need to elucidate

the optimum dose as well as the underlying molecular mechanism of

hepatoprotection.

6.8 | Antiulcer activity

Piper longum was studied for its antiulcerogenic property and its

mechanism for offering antiulcer effect following gastric ulcer induced

by cold restraint stress, aspirin, and pylorus ligation in CF strain rats.

Significant antiulcerogenic effect of the aqueous decoction of fruits

was observed due to modulation of mucin secretion and decreased

cell shedding, and offensive acid and pepsin secretion (Agrawal, Rao,

Sairam, Joshi, & Goel, 2000). Yadav et al. showed that occasional

exposure to foot shock can form gastric ulcers in rats which can be

protected by 90% by the administration of P. longum extract. How-

ever, the experiment did not elucidate the ulcer-related biochemical

information and underlying mechanisms of action (Yadav, Chatterjee,

Majeed, & Kumar, 2015). However, the above-mentioned studies pre-

sent a few shortcomings such as a lack of investigations on cell prolif-

eration, biochemical markers as well as mucosal blood flow.

A peptic ulcer is considered one of the very common diseases

affecting urban people in India. Piper longum exhibited significant pro-

phylactic and curative effects against an ulcer in a rat model. Piper

longum demonstrated significant prophylactic and curative properties

against an ulcer in a rat model. Since the plant is a popular edible spe-

cies, its ulcer-preventive and muco-protective properties can be

exploited to manage gastric ulcers in urban populations. Antioxidant,

hepato-protective, and antiulcer activities of P. longum are presented

in Table 7.T
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6.9 | Biocidal activities

6.9.1 | Antibacterial activity

A number of studies have reported the antibacterial effects of

P. longum. Earlier, the antibacterial effect of the seed oil was recorded

against three bacterial strains namely Staphylococcus aureus, Escheri-

chia coli, and Pseudomonas aeruginosa (Arambewela, Perera, &

Wijesundera, 1999). Three isolates such as piperlonguminine, piperine,

and pellitorine from a dichloromethane methanol extract of the fruits

showed potent activity against the Gram-positive bacteria and moder-

ate activity against the Gram-negative bacteria. Each isolate was

found to be highly active against at least one particular species of bac-

teria; piperlonguminine against Bacillus subtilis, piperine against

S. aureus, and pellitorine against Bacillus sphaericus (Srinivasa Reddy,

Jamil, Madhusudhan, Anjani, & Das, 2001). Different solvent extracts

of P. longum fruits were used by Khan and Siddiqui to evaluate their

antibacterial property. They observed promising antibacterial activity

of the extracts against Staphylococcus albus, Bacillus megaterium, Sal-

monella typhi, P. aeruginosa, and E. coli (Khan & Siddiqui, 2007). Anti-

bacterial activities of various solvent extracts of fruits were

determined against a wide range of pathogenic bacteria. The crude

extracts showed mild to moderate activities, while the ethyl acetate

extracts showed relatively superior antimicrobial effects against most

of the bacteria but the petroleum ether extracts were found to be

inactive in this regard (Ali et al., 2007). Another experiment was per-

formed where the dry roots were extracted with n-hexane and differ-

ent compounds (piperine, piperlongumine, piperlonguminine,

piplartine, etc.) were isolated. All the compounds showed promising

inhibition against E. coli, P. aeruginosa, B. cereus, S. typhi, Serratia mar-

cescens, S. aureus, Shigella dysenteriae, Klebsiella pneumoniae, and so on

while the n-hexane extracts showed inhibition zone against only the

Gram-positive bacteria (Lokhande et al., 2007). Another experiment

revealed the potential of the methanol, ethanol, and acetone fruit

extracts against the tested bacteria Streptococcus mutans and

S. aureus (Aneja, Joshi, Sharma, & Aneja, 2010). The methanol extract

showed an inhibitory effect against B. subtilis, Pseudomonas fluoresces,

E. coli, and S. typhi (Reshmi, Sathya, & Devi, 2010). Root extract and

isolated compound piperlongumine were assessed for their antibac-

terial activity against 18 clinically isolated strains, including identified

strains such as P. aeruginosa, K. pneumoniae, and S. aureus, using the

agar-well diffusion method. All extracts showed concentration-

dependent inhibition against all the clinical strains with more pro-

nounced activity against K. pneumoniae (Naika, Prasanna, &

Ganapathy, 2010). Agar well diffusion method and broth dilution MIC

tests with ethyl acetate, methanol, and water extracts of the fruits

were employed against S. aureus, Streptococcus pyogenes, Streptococ-

cus pneumoniae, and K. pneumoniae. The extracts displayed high to

moderate inhibition zones against the bacteria S. aureus (Sawhney

et al., 2011). In addition, the fruit extracts in polar and nonpolar sol-

vents inhibited the human pathogenic bacteria, determined by the

agar-well diffusion method and MIC assay. The ethyl acetate extract

was found to be the most effective against the selected pathogenic

bacteria in comparison with gentamicin as control (Chauhan, Uniyal,

Chauhan, Singh, & Kumar, 2019).

Antibacterial properties of P. longum were mostly attributed to

the alkaloids and essential oil present in the extracts. However, such

conventional antibacterial assays involving agar well or diffusion

methods have limited applications. In addition, time and dose depen-

dence, toxicity, mechanism of action, and so on are also needed to be

established for proper understanding of the antimicrobial properties

presented by P. longum.

6.9.2 | Antifungal activity

The fungicidal activity of P. longum fruit extract, its hexane fraction,

and isolated compound pipernonaline was investigated towards six

phytopathogenic fungi namely Pyricularia oryzae, Rhizoctonia solani,

Botrytis cinerea, Phytophthora infestans, Puccinia recondita, and Ery-

siphe graminis, and the results were compared with the synthetic fun-

gicideschlorothalonil, dichlofluanid, and mancozeb. The hexane

extract showed fungicidal activities against P. oryzae, B. cinerea,

P. infestans, and P. recondita while pipernonaline showed potent fungi-

cidal activity against P. recondita (Lee et al., 2001). Khan and Siddiqui

found that chloroform, ethyl acetate, acetone, and ethanol extract

showed antifungal activity only against Aspergillus niger among the six

tested fungi (Khan & Siddiqui, 2007). Various extracts of P. longum

roots were evaluated for their antifungal activity against Penecillum

sp., A. niger, Aspergillus fumigatus, Mucor sp., Fusarium sp., and Candida

albicans (Ali et al., 2007). In another experiment, the methanol, etha-

nol, and acetone fruit extracts showed almost equal inhibition zones

for both fungi C. albicans and Saccharomyces cerevisiae (Aneja

et al., 2010).

The above-mentioned studies indicated the possible application

of P. longum against keratinophilic fungi and also against multidrug

resistance in relation to fungal infections. In addition, studies on ani-

mal models are needed to evaluate its toxicity and safety as promising

antifungal agents. Synthetic fungicides are known to produce

unwanted adverse effects such as teratogenicity, carcinogenicity, and

acute toxicity and need a long degradation time. Natural products

used as fungicides are in general safer than synthetic since they show

shorter environmental half-life, reduced or no toxicity, and adverse

effects on humans. Therefore, the use of P. longum and its phyto-

chemicals as a natural fungicide should be tested at the clinical level

given its wide use in traditional medicine especially against the fungi

causing dermatological infections.

6.9.3 | Antiparasitic activity

Piper longum fruit extracts were evaluated for their efficacy against

experimental infection of Giardia lamblia in mice. Aqueous and ethanol

extracts showed 100% giardicidal activity in vitro. Piper longum pos-

sessed immuno-stimulatory activity, which was evident from the stan-

dard test parameters such as haemagglutination assay (HA), plaque-
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forming cell (PFC) counts, macrophage migration index (MMI), and

phagocytic index (PI) (Tripathi, Gupta, Lakshmi, Saxena, &

Agrawal, 1999). Pippali rasayana, an Ayurvedic herbal medicine, pre-

pared from P. longum and Butea monosperma, was tested for its anti-

giardial and immuno-stimulatory activities in mice infected with

Giardia lamblia trophozoites. Although the rasayana exhibited no kill-

ing of trophozoites in vitro, but produced up to 98% recovery from

the giardial infection by activation of macrophages and phagocytic

activity with an enhancement in host resistance (Agarwal et al., 1994).

Sawangjaroen et al., in their study, showed that P. longum methanol

extract affected 50% of Blastocystis hominis and killed it by 50%

(Sawangjaroen et al., 2005). Antileishmanial property of P. longum was

evaluated in an experiment that revealed that the plant extract can

eliminate Leishmania donovani promastigotes (Singh et al., 2011). In

another investigation, seven known compounds including piperlongu-

mide were isolated from the n-hexane extract which showed leishma-

nicidal activity against the promastigotes and axenic amastigotes of

L. donovani and piperlongumide was found to be the most potent

against the promastigotes and axenic amastigotes (Ghosal, Deb, Mis-

hra, & Vishwakarma, 2012).

6.9.4 | Scolicidal activity

Methanolic extract of P. longum exhibited antiparasitic activity against

protoscolices of hydatid cysts of Echinococcus granulosus. This is the

pioneer demonstration of scolicidal activity of P. longum

(Cheraghipour et al., 2021).

6.9.5 | Anthelmintic and insecticidal properties

The anthelmintic potential of P. longum was first recorded by D'Cruz

et al., who evaluated the activity of its essential oil against Ascaris lum-

bricoides, a large roundworm infecting a human. The result showed

that the paralysis-producing ability of its essential oil was quicker than

the standard drug piperazine but slower than tetramisole (D'Cruz,

Nimbkark, & Kokate, 1980). Supporting this study Kokate et al., used

the volatile oils and their fractions from P. longum to test the anthel-

mintic activity on neuromuscular preparations of A. lumbricoides. This

study also exhibited that the oil elicited a noticeable effect on the

rhythmic movements of Ascaris, resulting in partial paralysis that

occurred between 12 and 15 min of exposure to oil at 1:1,000 v/v

concentration (Kokate, Chaudhari, & Nimbkar, 1980). A separate

experiment evaluated the effect of alcoholic fruit extracts against Tox-

ocara cati of the cat in vitro. The extract was found to cause cessation

of motility and finally death of the worms (Bansod et al., 2005). Singh

et al. evaluated the inhibitory effect of the alcoholic extract of the

fruits on helminths that showed complete inhibition of gross visual

motility of the two flatworms Gigantocotyle explanatum and Fasciola

gigantica (Singh, Kumar, Gupta, & Tandan, 2007). They also observed

similar results using essential oil against these two flukes (Singh,

Kumar, Tandon, & Mishra, 2010). In another experiment, an alcoholic

extract of P. longum was used to demonstrate the muscular activity of

the parasitic amphistome, G. explanatum. The extract caused irrevers-

ible paralysis in the amphistome (Singh, Kumar, & Tandan, 2008). Simi-

larly, the essential oil of P. longum was also evaluated for its inhibitory

effect on the muscular activity of whole Fasciola gigantica and strip

preparation. The essential oil-induced marked excitatory effect at first

and then promoted irreversible flaccid paralysis following 15 min

exposure at 3 mg/ml concentration (Singh, Kumar, Tandan, &

Mishra, 2009). A recent study evaluated the in vitro ovicidal, larvicidal,

and adulticidal activities of the methanol extract and its fractions from

the fruits of P. longum against gastrointestinal strongyle ova, larvae,

and adult amphistomes. The methanol extract was found to be highly

active against ova and amphistomes; the n-hexane fraction potentially

induced larval mortality while the chloroform fraction was effective

against ova, larvae, and adults (Koorse et al., 2018). Adulticidal activity

against adult amphistomes was evaluated using methanol extract and

its n-hexane, chloroform, n-butanol, and aqueous fractions from the

fruits of P. longum. Amphistomes were found to be highly sensitive

towards the methanol extract while all other extracts/ fractions exhib-

ited moderate anthelmintic activity. The histopathology study

revealed morphological changes in tegument, syncytium, and paren-

chyma (Krishnaprasad et al., 2018).

There is not many reports on the insecticidal and insect repellent

activities of P. longum. Kokate et al. used the essential oil of P. longum

to determine its insecticidal activity against four stored-grain insects

namely Bruchus chinensis, Sitophilus oryzae, Rhyzopertha dominica, and

Stegobium paniceum. Promising insecticidal activity of the oil was

recorded against S. oryzae and B. chinensis. The oil also showed signifi-

cant effect on R. dominica and S. paniceum (Kokate, Tipnis, &

Gonsalves, 1980). In addition, two piperidine alkaloids such as piper-

nonaline and piperoctadecalidine, isolated from P. longum, exerted

insecticidal activity against Spodopteralitura. Both alkaloids also

showed insecticidal activities towards Myzus persicae (Park

et al., 2002).

Therefore, P. longum presents promising therapeutic approaches

against helminthic diseases as a potent anthelminthic. However, suit-

able animal models are needed to further elaborate the efficacious-

ness and probable toxicity of P. longum.

6.9.6 | Acaricidal activity

Acaricidal activity of two alkaloids namely pipernonaline and piperoc-

tadecalidine, isolated from P. longum were evaluated against Tetrany-

chus urticae. Piperoctadecalidine showed acaricidal activity against

T. urticae but no such activity was noted for pipernonaline (Park

et al., 2002). Ticks and tick-borne diseases are major constraints for

the cattle industry and farms in the tropical and subtropical regions

including the Indian subcontinent. Ethanol extract of P. longum and

alcoholic combination with P. nigrum exhibited acaricidal property

against Hyalomma anatolicum. The alcoholic combinations also

showed effective acaricidal activity (Singh, Saini, Singh, Sharma, &

Rath, 2017). In vitro acaricidal activity of P. longum fruit extracts and
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their active components were evaluated against Rhipicephalus (Boophi-

lus) microplus ticks. The extract impacted mortality rates of ticks and

also affected the reproductive physiology of ticks by inhibiting ovipo-

sition; the combination of piperine and piperlonguminine also caused

significant mortality in ticks (Godara et al., 2018). The acaricidal activ-

ity of the plant represents a unique strategy to combat cattle ticks for

proper livestock management.

6.9.7 | Antiamoebic activity

Amoebiasis, a common gastrointestinal disease caused by the proto-

zoan parasite Entamoeba histolytica affects approximately 10% of the

world's population, mostly in tropical and subtropical countries

(Walsh, 1986). Ghoshal and co-workers evaluated the P. longum

extract and fractions for their efficacy against experimental caecala-

moebiasis in rats induced by E. histolytica. The ethanol extract, the

hexane fraction, and the n-butanol fraction exhibited amoebicidal

activity at 1,000 μg/ml concentration whereas the chloroform fraction

exhibited the same at 500 μg/ml. The ethanol extract and isolated pip-

erine cured caecal amoebiasis in rats by 90% and 40%, respectively

(Ghoshal, Prasad, & Lakshmi, 1996). In another experiment, ethanol

extract of roots was used to determine its antiamoebic activity. It was

found that the root extract exerted amoebicidal activity in vitro and

cured 88% of caecal amoebiasis (Ghoshal & Lakshmi, 2002). Antia-

moebic effect of the crude methanol extracts of P. longum fruit was

evaluated against E. histolytica infecting caecum of mice

(Sawangjaroen, Sawangjaroen, & Poonpanang, 2004).

Interestingly, many of the experiments depicting antiamoebic

activity involve very high doses of the plant extract which limit its

probable clinical use. In addition, due to the promising efficiency of

the plant against amoebiasis, its mechanism of action must be well

elucidated to use the plants as therapeutic against such protozoan

parasites.

6.9.8 | Mosquito larvicidal and adulticidal activities

Methanol extract of P. longum fruit was studied for mosquito larvicidal

activity and it was found to be active against the larvae of Culex

pipienspallens. The extract containing a piperidine alkaloid, pipernona-

line was reported for larvicidal properties (Lee, 2000). Yang et al.

examined mosquito larvicidal activity of P. longum with the fruit

extracted in different solvents and the derived alkaloids against the

fourth-instar larvae of the dengue vector Aedes aegypti. The crude

methanol extract and hexane fraction showed 100% mortality rate

against the larvae while pipernonaline showed larvicidal activity (Yang

et al., 2002). In another experiment, the efficacy of the ethanol extract

was evaluated against fourth instar larvae of A. aegypti. The result

showed larvicidal efficacy with morphological alterations with exten-

sive damage and shrunken cuticle of the anal papillae (Chaithong

et al., 2006). Very recently, the aqueous extract of P. longum was

recorded for larvicidal as well as ovicidal activity against A. aegypti,

malarial vector Anopheles stephensi and filariasis vector, Culex quinque-

fasciatus. The histo-pathological investigations showed alteration in

the mid gut which caused death of the larvae (Dey et al., 2020).

Dose-dependent adulticidal effect of the ethanol extract of

P. longum was observed against Stegomyia aegypti, the key vector of

dengue and dengue haemorrhagic fever. The extracts also demon-

strated impressive adulticidal activity when tested on female mosqui-

toes by topical application suggesting it as a potent natural compound

to combat against adult mosquitoes (Choochote et al., 2006). Further

study is needed to characterize the oil obtained from P. longum for

mosquitocidal properties.

6.9.9 | Molluscicidal activity

Piper longum was also reported to possess toxic effect on the snail

Indoplanorbis exustus. The ethanol extract of the fruit singly or in com-

bination with the fruit extracts of Piper cubeba and Tribulus terrestris

showed molluscicidal activity. Single extract of P. longum showed sig-

nificant activity; though, binary extract, that is, P. longum + P. cubeba

and tertiary combination that is, P. longum + P. cubeba + T. terrestris

were more effective than the single extract or other combinations

(Pandey & Singh, 2009).

Herbal biocides are preferred over chemical biocidal agents

because of their less negative impact on the flora, fauna, and the envi-

ronment. Considering the widespread use, availability, and apparent

nontoxicity to larger animals and humans, P. longum formulations can

be used as antibacterial, antifungal, antiviral, antiprotozoal, insecti-

cidal, and molluscicidal properties as validated by a number of in vitro

as well as in vivo experiments. Biocidal activities of P. longum are tab-

ulated in Table 8.

6.10 | Miscellaneous biological activities

6.10.1 | Antifertility activity

To evaluate the antifertility activity of P. longum, female Sprague

Dawley rats were mated with males and fed with ethanol extract and

its different solvent fractions from the fruits and the roots and iso-

lated compound piperine after day 1 of pregnancy. The crude extract

and hexane fractions of the fruits showed 100% efficacy in terms of

the absence of implantations in the ovary (Lakshmi, Kumar, Agarwal, &

Dhar, 2006). Antifertility efficacy of P. longum and the parameters

related to female reproduction were studied using hexane extract of

the fruits on female Holtzman rats on their 4-day estrous cycle and

after mating. Assessment of the estrous cycle revealed the antifertility

and antiimplantation activities of the plant extracts manifested by pro-

longed estrous cycle length, reduced implantation site number, degen-

eration of uterine glands and endometrial epithelial cells, reduced

levels of luteinizing hormone (LH) and follicle-stimulating hormone

(FSH), and also increased estradiol level. Infertility was implicated in

the modulation of infertility mediators and gonadotropin insufficiency
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(Sarwar et al., 2014). In another experiment, the authors observed

spermicidal activity of the hexane extract of the fruits using human

sperm in vitro. The study revealed irreversible spermicidal effect,

sperm immobilization effect, reduced sperm viability, and reduced

hypo-osmotic swelling of the sperm owing to the injury to the sperm

plasma membrane (Sarwar, Nirala, Arif, Khillare, & Thakur, 2015).

These studies are interesting since the plant is widely accepted as a

food crop and a popular spice all over the world. Antifertility and anti-

implantation activities exhibited by the plant need further investiga-

tion since the plant is consumed regularly as a household spice and

caution must be taken in using it in case of expecting mothers or par-

ents planning for children. Otherwise, the plant or its active constitu-

ents may be used as herbal antifertility agents as single or adjuvant

therapy.

6.10.2 | Cardio-protective and coronary
vasodilating activity

The effects of a methanol extract of P. longum were investigated on

the oxidative stress-induced injury and cellular abnormality in adria-

mycin (ADR)-induced cardiotoxicity in mice. The extract at two differ-

ent doses attenuated the ADR-induced decrease in the activities of

the marker enzymes aspartate transaminase (AST), alanine transami-

nase (ALT), LDH and creatine kinase (CK) in the heart and increased

their activities in serum. Pre-treatment with the extract also aug-

mented the myocardial antioxidant enzymes like catalase, SOD, GSH-

Px, GSH reductase (GR), and GSH which were reduced by the effect

of ADE. Histopathological study revealed that the extract treatment

reduced degenerative changes and cellular infiltration in the heart and

related lesions (Wakade, Shah, Kulkarni, & Juvekar, 2008). The cardio-

protective effect of the methanol extract of P. longum was also evalu-

ated in an isoproterenol-induced acute myocardial infarction rat

model. Oral pre-treatment of methanol extract was found to decrease

vascular and fatty degeneration, granular disintegration, and hyaline

necrosis of the muscle fibers in histopathological examination. Bio-

chemical observations showed decreased levels of the serum myocar-

dial markers creatine kinase-MB (CKMB) and LDH compared to that

of ascorbic acid (Khushbu et al., 2010).

The ethyl acetate soluble portion of the fruit of P. longum was

investigated for its coronary vasodilating activity on KC1-induced

contraction of the rabbit isolated coronary artery. A new amide, dehy-

dropipernonaline isolated from the fruit, was also attributed to the

coronary vasodilating activity (Shoji et al., 1986). Piper longum is a

food, spice as well as a medicinal plant used against stomach disease

and analgesia in TCM (Abdubakiev, Li, Lu, Li, & Aisa, 2020). The vessel

tension studies demonstrated that piperine, (2E,4E,14Z)-N-isobutylei-

cosa-2,4,14-trienamide, and piperlonguminine from the P. longum

fruits exhibited remarkable inhibitory properties on phenylephrine-

contracted mesenteric artery vasoconstriction. Piperine was recorded

to induce the influx of extracellular Ca2+ in mesenteric artery smooth

muscle cells (MASMCs), by an endothelium-independent mechanism

involving the entry of Ca2+. In this study, P. longum was suggested asT
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a promising vascular relaxant with a potential drug candidate against

hypertension (Li et al., 2020). Cardioprotective properties of the plant

are mainly attributed to its ability to prevent cardiotoxicity, myocardial

infarction and to its coronary vasodilating activity. In addition, it has

to be determined whether the cardioprotective ability of the plant

extract is linked to its ability to attenuate oxidative stress. A few

in vivo studies have demonstrated the cardioprotective features of

the plant also support the use of the plant; the treatments of heart

diseases are recorded from the ancient East Asian literature (Khushbu

et al., 2011). However, more elaborate studies are needed in animal

models and also using clinical studies to further validate its cardiopro-

tective abilities.

6.10.3 | Vas0-relaxant activity

Li et al. obtained eight compounds from the dry fruits of P. longum.

Among these, three compounds namely piperine, (2E,4E,14Z)-N-iso-

butyleicosa-2,4,14-trienamide, and piperlonguminine significantly

inhibited phenylephrine-induced mesenteric artery vasoconstriction

observed by vessel tension studies. Calcium Imaging studies showed

that piperine was able to promote the influx of extracellular calcium in

MASMCs via an endothelium-independent mechanism involving Ca2+

entry suggesting that P. longum has great potential as a vascular relax-

ant for patients with hypertension (Li et al., 2020).

6.10.4 | Antiplatelet activity

Iwashita and co-workers studied the antiplatelet effects of the

P. longum fruits. Four acidamides namely piperine, pipernonaline,

piperoctadecalidine, and piperlongumine, obtained from the fruits

were investigated on washed rabbit platelet aggregation induced by

collagen, arachidonic acid (AA), and platelet-activating factor (PAF) or

thrombin by determination of platelet aggregation, inositol phos-

phates measurement and receptor binding assay. The result showed

inhibition of thromboxane A2 receptor agonist U46619, inhibition of

U46619-induced phosphoinositide hydrolysis, and inhibition of bind-

ing of [3H]SQ29548 to thromboxane A2 receptor. Piperlongumine

showed stronger inhibitory effects compared to aspirin, the positive

control (Iwashita, Saito, Yamaguchi, Takagaki, & Nakahata, 2007). Iso-

lated compounds piperine, pipernonaline, piperoctadecalidine, and

piperlongumine from the fruit demonstrated dose-dependent inhibi-

tion on platelet aggregation induced by collagen, AA, and PAF, and

the highest activity was attributed to piperlongumine. The authors

suggested further investigations to fully understand the mechanism of

antiplatelet activity offered by the compounds (Park et al., 2007). So

far this is the only work elucidating the antiplatelet effects of

P. longum fruit-derived acid amides namely piperine, pipernonaline,

piperoctadecalidine, and piperlongumine. The results were encourag-

ing and a comparative account of the antiplatelet properties of the

crude fruit extract and its active constituents would be an exciting

work since the fruits are edible. Besides, it may reveal the enhanced

activity of the crude extract over the isolated compounds due to pos-

sible synergism among them.

Antiplatelet activity of the plant was demonstrated using a num-

ber of different solvents to extract P. longum and also by performing

the experiment in a dose-dependent manner. However, further stud-

ies are needed to elucidate the role of standard drugs and to find out

the in vivo as well as ex vivo bleeding time by designing more robust

methods to explore the antiplatelet as well as antithrombotic proper-

ties (if any) of the plant.

6.10.5 | Melanin inhibitory activity

Min et al. reported P. Longum for its inhibitory effect against α-mela-

nocyte-stimulating hormone (α-MSH)-induced melanin production in

B16 cells. Piperlongumine isolated from the methanol extract by frac-

tionation was identified as the major melanogenesis inhibitor which

showed dose-dependent inhibition (Min et al., 2004). Ethanol extract

of the fruits of P. longum and the prenylated phenolic compounds

bakuchiol, bavachin, and isobavachalcone isolated from fractions were

found to exert a potential inhibitory effect against MSH-induced mel-

anin production in B16 mouse melanoma cells. These compounds and

the crude extract of the fruits exhibited suppressive effects against

pigmentation by melanin in the skin in a dose-dependent manner and

may be used as agents for skin whitening (Ohno et al., 2010). A num-

ber of compounds extracted from the plant exhibited MSH-induced

melanin production in animal models. Since popular fairness creams in

the market contain a number of undesirable chemicals with adverse

effects on the skin, such herbal alternatives can be used there as pos-

sible ingredients.

6.10.6 | Melanin stimulatory activity

Ethanol extract of P. longum containing piperine, isopiperine, piperlon-

guminine, retrofractamide A, retrofractamide C enhanced the melanin

content in B16 melanoma cells and also showed a weak stimulative

effect on the tyrosinase activity in a concentration-dependent man-

ner. Isopiperine also found to have a strong capacity to increase the

tyrosinase activity in a concentration-dependent manner indicating

P. longum to be a good natural source for skin diseases (Abdubakiev

et al., 2020).

6.10.7 | Antiobesity effect

Inhibition of acyl CoA: diacylglycerol acyltransferase (DGAT) has

emerged as a potential pharmacological therapy for the treatment of

obesity. Chloroform extracts of the fruits of P. longum and isolated

compounds (2E,4Z,8E)-N-[9-(3,4-methylenedioxyphenyl)-2,4,8-nona-

trienoyl]piperidine, pipernonaline, piperrolein B, and dehydropiperno-

naline were found to inhibit DGAT using in vitro DGAT inhibitory

assay with microsomes from Sprague Dawley rat liver (Lee
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et al., 2006). Earlier, the fruit extract demonstrated antidiabetic and

lipid-lowering principles. Considering its proven edibility, the efficacy

of the fruits can further be investigated as promising antiobesity

agents for human use.

6.10.8 | Antiangiogenic activity

Antiangiogenic activity of P. longum was studied using B16F-10

melanoma cell-induced capillary formation in C57BL/6 mice. Intra-

peritoneal administration of the extract at a dose of 10 mg/animal

significantly inhibited the number of tumour-directed capillaries. It

also regulated the level of pro-inflammatory cytokines such as

interleukin-1β (IL-1β), interleukin-6 (IL-6), tumour necrosis factor

(TNF-α), granulocyte-macrophage colony-stimulating factor (GM-

CSF), and the direct endothelial cell proliferating agent vascular endo-

thelial growth factor (VEGF), increased the level of interleukin-2 (IL-2)

and tissue inhibitor of metalloprotease-1 (TIMP-1) and inhibited the

VEGF-induced vessel sprouting in rats. The extract treatment signifi-

cantly inhibited the proliferation, cell migration, and capillary-like tube

formation of primary cultured human endothelial cells which were

implicated in its antiangiogenic activity both in vitro and in vivo

(Sunila & Kuttan, 2006).

The antiangiogenic activity of medicinal plants is implicated in

their probable application for ailments in which suppression of blood

vessel formation is needed, such as macular degeneration, cancer, dia-

betic retinopathy, and so on. Therefore, the antiangiogenic properties

of the plant can further be investigated against such diseases where

inhibition of blood vessel formation is desirable. From the above-

mentioned studies, P. longum was reported to possess unique underly-

ing molecular pathways to modulate the mutual angiogenic signal

transduction. However, detailed studies involving animal models are

required to establish the dose dependence of its antiangiogenic

activity.

6.10.9 | ACE inhibitory activity

Hydroalcoholic extract of the P. longum fruits, its fractions and iso-

lated compound piperine were investigated for their angiotensin-

converting enzyme (ACE) inhibition activity where hippuryl-L-histidyl-

L-leucine (HHL) was used as the substrate. Ethyl acetate and butanol

fractions showed the highest inhibitory effect in a concentration-

dependent manner justifying its traditional claim as an antihyperten-

sive agents (Chaudhary et al., 2013). However, no use of the standard

drug to compare the efficacy and analysis of a single parameter lim-

ited the validity of this study. Hence, a robust study design using ani-

mal models is needed to obtain reproducible results to establish the

cardio-protective effect of P. longum.

Since, ACE inhibitors are common medications that decelerators

suppress the enzyme ACE, which reduces angiotensin II production

and thus reduces blood pressure. Piper longum fruits, which have been

popularized for its culinary uses, can also be used as a potent food

supplement and medication against high blood pressure and associ-

ated ailments.

6.10.10 | Radioprotection

The radioprotective property of an ethanol extract of P. longum fruits

was investigated in Swiss mice with whole-body irradiation. The

extract increased the white blood cell (WBC) count in the irradiated

control mice from 1,900 to 2,783.3 cells/mm3. The number of bone

marrow cells and α-esterase positive cells was also enhanced by the

extract administration compared to the radiation-exposed control ani-

mals. In addition, elevated levels of glutathione pyruvate transaminase

(GPT), alkaline phosphatase (ALP), and lipid peroxidation (LPO) in the

liver and serum were also reduced. Besides, the treatment also

increased the reduced GSH production to offer its radio-protective

properties probably mediated by antioxidative mechanisms (Sunila &

Kuttan, 2005).

6.10.11 | Anti-snake venom activity

Anti-snake venom activities of an ethanol extract of the fruits of

P. longum and piperine were evaluated against Russell's viper venom

in embryonated fertile chicken eggs, mice, and rats. Various models

and/or assays were used to investigate the activities like venom lethal

and haemorrhagic action (in vitro), venom haemorrhagic action

(in vivo), necrotizing action, defibrinogenating action, venom-induced

paw oedema, mast cell degranulation, creatine kinase (CK) activity,

and catalase activity. Administration of the extract was found to

inhibit the venom-induced haemorrhage in embryonated fertile

chicken eggs and venom-induced lethality, haemorrhage, necrosis,

defibrinogenation, and inflammatory paw oedema in mice in a dose-

dependent manner. The extract also reduced the venom-induced mast

cell degranulation in rats, reversed the venom-induced decrease in the

catalase enzyme level in mice kidney tissue and increased CK levels in

mice serum (Shenoy et al., 2013).

These studies indicated that P. longum possesses promising antio-

phidian activities and further examination of its bioactive principles

may reveal some chemical antagonists with possible snake venom

neutralizing ability. Thus the ethnopharmacological claim of its antio-

phidian use gains momentum from the above-mentioned experiments.

In addition, the plant extract or pure compounds from the plant can

be used as adjuvant therapy in snakebite cases in rural India.

6.10.12 | Immunomodulatory activity

Alcoholic extract of P. longum fruits and isolated component piperine

were studied for their immunomodulatory activity in DLA and EAC-

induced Balb/C mice. Administration of the extract and piperine

increased the total WBC count to 142.8% and 138.9%, respectively.

The number of plaque-forming cells, bone marrow cellularity, and
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α-esterase positive cells also increased significantly after immuniza-

tion (Sunila & Kuttan, 2004). To investigate the immuno-regulatory

potential of P. longum, an ethyl acetate extract of the fruits and its

compound, piperinic acid were evaluated in Balb/C mice treated with

sheep red blood cells (RBC) as antigen (in vivo) and human PBMCs

(in vitro) models. The result showed dose-dependent decrease of lym-

phocytes (CD4+ and CD8+ T cells) and cytokine levels in sensitized

Balb/C mice. In addition, inhibition of mitogen-induced human periph-

eral blood mononuclear cells (PBMC) proliferation, mRNA transcripts

of IL-2 (ConA) and TNFα, IL-1β, and inducible nitric oxide synthase

(iNOS), (LPS) were observed in vitro. Concomitantly, induced NO pro-

duction was found to be reduced by stimulated macrophages rational-

izing the traditional use of P. longum against similar disease conditions

(Devan, Bani, Suri, Satti, & Qazi, 2007). However, very high concentra-

tions of plant extract exhibiting cytotoxic properties with 100% toxic-

ity to DLA and EAC (Sunila & Kuttan, 2004) are far over than the

concentrations that can be translated for human use. Therefore, with-

out the toxicity assessment of such higher doses, it has little value for

future studies. Besides, a number of studies have been conducted in

rat models to find out the liver-protective ability of the plant extract

supporting the traditional use of the plant as a liver-tonic. The most

prevalent underlying mechanism of heptoprotection was attributed to

its antioxidative potential. However, organized clinical studies are

needed to evaluate its hepatoprotective activity for human use. Mis-

cellaneous biological activities of P. longum are summarized in Table 9.

7 | PIPER LONGUM IN GREEN SYNTHESIS
AND NANOTECHNOLOGY

Nanotechnology is an emerging interdisciplinary technique for the

synthesis of metal nanoparticles using biological processes. It is gain-

ing significant attention off late for its cost-effective application in

biomedicine, material science, bio-sensor, bio-imaging, catalysis, opto-

electronics, and so on (Jacob, Finub, & Narayanan, 2012; Reddy, Vali,

Rani, & Rani, 2014). A cost-effective and eco-friendly process of syn-

thesis of silver nanoparticles from silver nitrate (AgNO3) with the

P. longum leaf extract was used as a capping agent and also as a reduc-

ing agent. UV–vis absorption spectroscopy, scanning electron micros-

copy (SEM), and Fourier transform infrared spectroscopy (FTIR)

characterized the nanoparticles which further exhibited significant

cytotoxic activity on the HepG2 cell line (Jacob et al., 2012). Aqueous

extract of the fruit was used to synthesize silver nanoparticles which

were also characterized by UV–Vis, SEM, FTIR, and dynamic light

scattering (DLS) particle size analyser. These silver nanoparticles

(PLAgNPs) showed excellent in vitro antioxidant activity as well as

cytotoxic effect against MCF-7 breast cancer cell lines and also exhib-

ited potent biocidal activity against B. subtilis, B. cereus, S. aureus, and

P. aeruginosa (Reddy et al., 2014). Green synthesis of gold nanoparti-

cles (AuNPs) was achieved by reducing aqueous gold ions using

P. longum leaf extract. UV–Vis spectroscopy characterized the nano-

particles; selected area electron diffraction (SAED) and X-ray diffrac-

tion found its crystalline structure; transmission electron microscopy

(TEM) identified the morphology and FTIR and Raman spectroscopy

identified the water-soluble bio-molecules (Mallikarjuna et al., 2015).

Nakkala et al., also synthesized gold nanoparticles (PLAuNPs) using

the fruit extract. Characteristics were confirmed by UV–vis spectros-

copy; size, shape, capping and reduction, and thermal stability were

confirmed by DLS, TEM-EDX, FTIR, and thermogravimetric analysis

(TGA), respectively. These nanoparticles showed moderate in vitro

antioxidant activity and potent catalytic activity which may be

exploited as clearing agents for the toxic dyes in industrial effluents

(Nakkala, Mata, & Sadras, 2016). In addition, palladium nanoparticles

(PdNPs) were synthesized using the fruit extracts and were found as

effective catalysts for amine-, ligand-, and copper-free Sonogashira

coupling reaction, characterized by UV–vis, FTIR, and TEM methods

(Nasrollahzadeh, Sajadi, Maham, & Ehsani, 2015). Silver nanoparticles

(AgNPs) with potent antioxidant, radical scavenging, anticancer

(against Hela cell line), and larvicidal (against A. stephensi, Aedes

aegypti, and Mesocyclops thermocyclopoide) activities were synthesized

using aqueous extract of P. longum leaves, characterized by UV–Vis,

FE-SEM, XRD, and FTIRI (Yadav, Saini, Kumar, Pasi, & Agrawal, 2019).

Cost-effective synthesis of silver nanoparticles using P. longum catkin

extract showed catalytic and antibacterial activities against mastitis-

causing bacteria S. aureus, P. aeruginosa, and B. subtilis (Jayapriya

et al., 2019) and food-borne pathogenic bacteria namely B. cereus,

S. aureus, E. coli, Proteus mirabilis, K. pneumoniae, P. aeruginosa, and

S. typhi (Huang et al., 2020). Piper longum catkin extract was also used

to synthesize silver nanoparticles as well as copper oxide and nickel

nanoparticles which exhibited anticancer, antioxidant, antimicrobial,

and redox catalytic activities, characterized by UV–Vis, FTIR, SEM,

and atomic force microscopy (AFM) (Jamila et al., 2020). These experi-

ments support the advantages of using simple and cost-effective bio-

green synthesis methods for manufacturing different metal nanoparti-

cles with potent antioxidant, antimicrobial, catalytic, and cytotoxic

activities which may be used for pharmaceutical and industrial

purposes.

8 | CLINICAL STUDIES

In the Indian traditional system of medicine, P. longum is used for pro-

phylactic treatment of asthma and is found to decrease the frequency

and severity of asthma attacks in children. Dahanukar et al. studied

the antiallergic efficacy of P. longum in children to understand its dose

and mode of action. They selected 20 paediatric patients suffering

from asthma. The study was carried out to test the sensitivity towards

house dust mite extract using P. longum in children under and over

5 years. Serum IgE tests, pulmonary function, and asthma gradation

were assessed and repeated every week. After completion of the 5th

week, the results showed significant improvement in the asthma

patients. One year of treatment exhibited excellent response in

11 patients, moderate response in three patients, and no satisfactory

result in the remaining three patients (Dahanukar, Karandikar, &

Desai, 1984). Though there are some reports on clinical studies on

Ayurvedic formulations containing the plant as a minor component,

BISWAS ET AL. 39



T
A
B
L
E
9

M
is
ce
lla
ne

o
us

bi
o
lo
gi
ca
la
ct
iv
it
ie
s
o
f
P.

lo
ng
um

A
ct
iv
it
y

P
ar
ts

us
ed

/

ex
tr
ac
ts

E
ff
ec

ti
ve

co
m
po

un
ds

T
es
te
d
co

nc
en

tr
at
io
ns

In
vi
tr
o
/i
n
vi
vo

M
o
de

l
E
xp

er
im

en
ta
ld

es
ig
n

R
es
u
lt
s/
m
ec

h
an

is
m

o
f

ac
ti
o
n

R
ef
er
en

ce
s

A
nt
if
er
ti
lit
y
ac
ti
vi
ty

E
th
an

o
le

xt
ra
ct

an
d
di
ff
er
en

t

so
lv
en

t

fr
ac
ti
o
ns

fr
o
m

fr
ui
ts

P
ip
er
in
e

2
0
0
m
g/
kg

In
vi
vo

M
at
ed

fe
m
al
e
Sp

ra
gu

e

D
aw

le
y
ra
ts

A
n
ti
fe
rt
ili
ty

b
io
as
sa
y

m
et
h
o
d

1
0
0
%

ef
fi
ca
cy

w
it
h

cr
u
d
e
et
h
an

o
l

ex
tr
ac
t
an

d
h
ex

an
e

fr
ac
ti
o
n

La
ks
h
m
ie

t
al
.

(2
0
0
6
)

H
ex

an
e
ex

tr
ac
t
o
f

fr
ui
t

—
1
5
0
an

d
2
5
0
m
g/
kg

F
em

al
e
H
o
lt
zm

an
ra
ts

o
n

fo
ur
da

y
es
tr
o
us

cy
cl
e

an
d
af
te
r
m
at
in
g

A
ss
es
sm

en
t
o
f
es
tr
o
u
s

cy
cl
e,

an
ti
fe
rt
ili
ty

an
d

an
ti
im

p
la
n
ta
ti
o
n

ac
ti
vi
ti
es

Le
n
gt
h
o
f
es
tr
o
u
s

cy
cl
e
",

im
p
la
n
ta
ti
o
n
si
te

n
u
m
b
er

#,
d
eg

en
er
at
io
n
o
f

u
te
ri
n
e
gl
an

d
s
an

d

en
d
o
m
et
ri
al

ep
it
h
el
ia
lc
el
ls
,

le
ve

ls
o
f
LH

an
d

F
SH

#,
es
tr
ad

io
l

le
ve

l"

Sa
rw

ar
et

al
.(
2
0
1
4
)

H
ex

an
e
ex

tr
ac
t
o
f

fr
ui
ts

—
1
,5

,1
0
,1

5
an

d

2
0
m
g/
m
l

In
vi
tr
o

St
ud

y
w
it
h
hu

m
an

sp
er
m
s

Sp
er
m

im
m
o
b
ili
za
ti
o
n
as
sa
y

Ir
re
ve

rs
ib
le

sp
er
m
ic
id
al

ef
fe
ct
s,
sp
er
m

im
m
o
b
ili
za
ti
o
n

ef
fe
ct
,s
p
er
m

vi
ab

ili
ty

#,
in
ju
ry

to

sp
er
m

p
la
sm

a

m
em

b
ra
n
e

Sa
rw

ar
,N

ir
al
a,
A
ri
f,

K
h
ill
ar
e,

&

T
h
ak
u
r,
(2
0
1
5
)

C
ar
di
o
-p
ro
te
ct
iv
e

ac
ti
vi
ty

M
et
ha

no
le

xt
ra
ct

—
2
5
0
an

d
5
0
0
m
g/
kg

In
vi
vo

A
cu

te
m
yo

ca
rd
ia
l

in
fa
rc
ti
o
n,

in
du

ce
d
by

is
o
pr
o
te
re
no

li
n
ra
ts

H
is
to
p
at
h
o
lo
gi
ca
l

ex
am

in
at
io
n
,

b
io
ch

em
ic
al

in
ve

st
ig
at
io
n

V
as
cu

la
r
an

d
fa
tt
y

d
eg

en
er
at
io
n
#,

gr
an

u
la
r

d
is
in
te
gr
at
io
n
,a
n
d

h
ya
lin

e
n
ec
ro
si
s

o
f
m
u
sc
le

fi
b
er
s;

le
ve

ls
o
f

C
K
-M

B
an

d
LD

H
#

K
h
u
sh
b
u
et

al
.

(2
0
1
0
)

M
et
ha

no
le

xt
ra
ct

o
f
fr
ui
ts

—
2
5
0
an

d
5
0
0
m
g/
kg

In
vi
vo

T
is
su
e
pe

ro
xi
de

da
m
ag
e

an
d
ad

ri
am

yc
in
-i
nd

uc
ed

ca
rd
io
to
xi
ci
ty

in
W

is
ta
r

ra
ts

B
io
ch

em
ic
al
an

d

h
is
to
p
at
h
o
lo
gi
ca
ls
tu
d
ie
s

M
ai
n
ta
in
ed

le
ve

ls
o
f

A
ST

,A
LT

,L
D
H
,a
n
d

C
K
in

th
e
h
ea

rt
;

re
gu

la
te
d

m
yo

ca
rd
ia
l

an
ti
o
xi
d
an

t

en
zy
m
es
,

d
eg

en
er
at
iv
e

ch
an

ge
s,
an

d

ce
llu

la
r
in
fi
lt
ra
ti
o
n

in
th
e
h
ea

rt
#

W
ak
ad

e
et

al
.

( 2
0
0
8
)

40 BISWAS ET AL.



T
A
B
L
E
9

(C
o
nt
in
ue

d)

A
ct
iv
it
y

P
ar
ts

us
ed

/

ex
tr
ac
ts

E
ff
ec

ti
ve

co
m
po

un
ds

T
es
te
d
co

nc
en

tr
at
io
ns

In
vi
tr
o
/i
n
vi
vo

M
o
de

l
E
xp

er
im

en
ta
ld

es
ig
n

R
es
u
lt
s/
m
ec

h
an

is
m

o
f

ac
ti
o
n

R
ef
er
en

ce
s

C
o
ro
na

ry

va
so
di
la
ti
ng

ac
ti
vi
ty

F
ru
it
ex

tr
ac
t

D
eh

yd
ro
pi
pe

rn
o
na

lin
e

—
In

vi
vo

K
C
l-
in
du

ce
d
co

nt
ra
ct
io
n
o
f

th
e
ra
bb

it
is
o
la
te
d

co
ro
na

ry
ar
te
ry

H
is
to
p
at
h
o
lo
gi
ca
l

ex
am

in
at
io
n
,

b
io
ch

em
ic
al

in
ve

st
ig
at
io
n

C
o
ro
n
ar
y
va
so
re
la
xa
n
t

ac
ti
vi
ty

Sh
o
ji
et

al
.(
1
9
8
6
)

V
as
o
-r
el
ax
an

t

ac
ti
vi
ty

F
ru
it
ex

tr
ac
t

P
ip
er
in
e,

(2
E
,4
E
,1
4
Z
)-
N
-

is
o
bu

ty
le
ic
o
sa
-2
,4
,1
4
-t
ri
en

am
id
e,

an
d
P
ip
er
lo
ng

um
in
in
e

1
0
�
8
,1

0
�
7
,3

�
1
0
�
7
,

5
�

1
0
�
7
,a
nd

1
0
6
M

In
vi
vo

P
he

ny
le
ph

ri
ne

-i
nd

uc
ed

m
es
en

te
ri
c
ar
te
ry

va
so
co

ns
tr
ic
ti
o
n

C
al
ci
u
m

im
ag
in
g
st
u
d
ie
s

In
fl
u
x
o
f
C
a2

+
in

M
A
SM

C
s
vi
a

en
d
o
th
el
iu
m
-

in
d
ep

en
d
en

t

m
ec
h
an

is
m

Li
et

al
.(
2
0
2
0
)

A
nt
ip
la
te
le
t
ac
ti
vi
ty

A
qu

eo
us
,e
th
an

o
l

an
d
bu

ta
no

l

ex
tr
ac
t
o
f
fr
ui
ts

—
1
0
0
m
g/
m
l

In
vi
tr
o

R
ab

bi
t
pl
at
el
et

ag
gr
eg

at
io
n

in
du

ce
d
by

co
lla
ge

n,

ar
ac
hi
do

ni
c
ac
id

an
d

pl
at
el
et
-a
ct
iv
at
in
g
fa
ct
o
r

o
r
th
ro
m
bi
n

D
et
er
m
in
at
io
n
o
f
p
la
te
le
t

ag
gr
eg

at
io
n
,i
n
o
si
to
l

p
h
o
sp
h
at
es

m
ea

su
re
m
en

t
an

d

re
ce
p
to
r
b
in
d
in
g
as
sa
y

T
h
ro
m
b
o
xa
n
e
A
2

re
ce
p
to
r
ag
o
n
is
t

U
4
6
6
1
9
#,
i

U
4
6
6
1
9
-i
n
d
u
ce
d

p
h
o
sp
h
o
in
o
si
ti
d
e

h
yd

ro
ly
si
s
#,

b
in
d
in
g
o
f
[3
H
]

SQ
2
9
5
4
8
to

th
ro
m
b
o
xa
n
e
A
2

re
ce
p
to
r
#

Iw
as
h
it
a
et

al
.

(2
0
0
7
)

F
ru
it
ex

tr
ac
t

P
ip
er
in
e,

pi
pe

rn
o
na

lin
e,

pi
pe

ro
ct
ad

ec
al
id
in
,

pi
pe

rl
o
ng

um
in
e

3
0
,1

5
0
,a
nd

3
0
0
μM

In
vi
tr
o

R
ab

bi
t
pl
at
el
et

D
et
er
m
in
at
io
n
o
f
p
la
te
le
t

ag
gr
eg

at
io
n

D
o
se
-d
ep

en
d
en

t

in
h
ib
it
o
ry

ac
ti
vi
ti
es

o
n
p
la
te
le
t

ag
gr
eg

at
io
n

in
d
u
ce
d
b
y

co
lla
ge

n
,

ar
ac
h
id
o
n
ic
ac
id

an
d
P
A
F

P
ar
k
et

al
.(
2
0
0
7
)

M
el
an

in
in
hi
bi
to
ry

ac
ti
vi
ty

M
et
ha

no
le

xt
ra
ct

fr
o
m

fr
ui
ts

P
ip
er
lo
ng

um
in
e

2
5
,1

2
.5
,6

.3
,a
nd

3
.1

μM

In
vi
tr
o

α-
M
SH

-i
nd

uc
ed

m
el
an

in

pr
o
du

ct
io
n
in

B
1
6
ce
lls

M
ea

su
re
m
en

t
o
f
m
el
an

in

d
ep

ig
m
en

ta
ti
o
n

Sh
o
w
ed

d
o
se

d
ep

en
d
an

t

in
h
ib
it
o
ry

ef
fe
ct

w
it
h
IC

5
0
va
lu
e
o
f

9
.6

μM

M
in

et
al
.(
2
0
0
4
)

E
th
an

o
le

xt
ra
ct

o
f

fr
ui
ts

B
ak
uc

hi
o
l,
ba

va
ch

in
,

is
o
ba

va
ch

al
co

ne

—
In

vi
vo

α-
M
SH

-i
nd

uc
ed

m
el
an

in

pr
o
du

ct
io
n
in

B
1
6

m
o
us
e
m
el
an

o
m
a
ce
lls

In
si
tu

m
el
an

in
as
sa
y
an

d

M
T
T
as
sa
y

A
ll
co

m
p
o
u
n
d
s
an

d
th
e

cr
u
d
e
ex

tr
ac
t
h
ad

su
p
p
re
ss
iv
e
ef
fe
ct
s

ag
ai
n
st

p
ig
m
en

ta
ti
o
n
b
y

m
el
an

in
in

th
e
sk
in

O
h
n
o
et

al
.(
2
0
1
0
)

M
el
an

in
st
im

ul
at
io
n

ac
ti
vi
ty

E
th
an

o
le

xt
ra
ct

P
ip
er
in
e,

is
o
pi
pe

ri
ne

,

pi
pe

rl
o
ng

um
in
in
e,

re
tr
o
fr
ac
ta
m
id
e
A
,

re
tr
o
fr
ac
ta
m
id
e
C

1
,1

0
,a
nd

5
0
μl

In
vi
tr
o

B
1
6
m
el
an

o
m
a
ce
lls

—
In
cr
ea

se
d
th
e
m
el
an

in

co
n
te
n
t
an

d

ty
ro
si
n
as
e
ac
ti
vi
ty

A
b
d
u
b
ak
ie
v
et

al
.

(2
0
2
0
) (C
o
nt
in
u
es
)

BISWAS ET AL. 41



T
A
B
L
E
9

(C
o
nt
in
ue

d)

A
ct
iv
it
y

P
ar
ts

us
ed

/

ex
tr
ac
ts

E
ff
ec

ti
ve

co
m
po

un
ds

T
es
te
d
co

nc
en

tr
at
io
ns

In
vi
tr
o
/i
n
vi
vo

M
o
de

l
E
xp

er
im

en
ta
ld

es
ig
n

R
es
u
lt
s/
m
ec

h
an

is
m

o
f

ac
ti
o
n

R
ef
er
en

ce
s

A
nt
io
be

si
ty

ac
ti
vi
ty

C
hl
o
ro
fo
rm

ex
tr
ac
t
o
f
fr
ui
ts

(2
E
,4
Z
,8
E
)-
N
-

[9
-(
3
,4
-m

et
hy

le
ne

di
o
xy
ph

en
yl
)-

2
,4
,8
-n
o
na

tr
ie
no

yl
]p
ip
er
id
in
e,

pi
pe

rn
o
na

lin
e,

pi
pe

rr
o
le
in

B
,

de
hy

dr
o
pi
pe

rn
o
na

lin
e

—
In

vi
vo

M
ic
ro
so
m
es

fr
o
m

Sp
ra
gu

e

D
aw

le
y
ra
t
liv
er

M
ea

su
re
m
en

t
o
f
in

vi
tr
o

D
G
A
T
ac
ti
vi
ty

P
o
te
n
ti
al
D
G
A
T

in
h
ib
it
o
ry

ac
ti
vi
ty
;

IC
5
0
va
lu
e
va
ri
ed

fr
o
m

2
1
.2

to
3
7
.2

co
m
p
ar
ed

to

ku
ra
ri
d
in
e

Le
e
et

al
.(
2
0
0
6
)

A
nt
ia
ng

io
ge

ni
c

ac
ti
vi
ty

A
lc
o
ho

lic
ex

tr
ac
t

o
f
fr
ui
ts

—
1
0
,5

,a
nd

1
μg

/
m
l

In
vi
tr
o

D
et
er
m
in
at
io
n
o
f

an
gi
o
ge

ne
si
s,

qu
an

ti
ta
ti
o
n
o
f
ge

ne
-

sp
ec
if
ic
m
R
N
A
o
f
V
E
G
F
,

en
do

th
el
ia
lc
el
l

m
ig
ra
ti
o
n
as
sa
y,
tu
be

fo
rm

at
io
n
as
sa
y

B
1
6
F
-1
0
m
el
an

o
m
a
ce
ll-

in
d
u
ce
d
ca
p
ill
ar
y

fo
rm

at
io
n
in

C
5
7
B
L/
6

m
ic
e,

h
u
m
an

u
m
b
ili
ca
l

ve
in

en
d
o
th
el
ia
lc
el
ls

(H
U
V
E
C
s)

In
h
ib
it
ed

(5
0
.6
%
)t
h
e

n
u
m
b
er

o
f
tu
m
o
u
r-

d
ir
ec
te
d
ca
p
ill
ar
ie
s,

re
gu

la
te

th
e
le
ve

lo
f

cy
to
ki
n
es

su
ch

as

IL
-1

h
r,
IL
-6
,T

N
F
-a
,

G
M
-C

SF
,l
ev

el
o
f

IL
-2
,a
n
d
ti
ss
u
e

in
h
ib
it
o
r
o
f

m
et
al
lo
p
ro
te
as
e-
1

(T
IM

P
-1
)i
n
cr
ea

se
d
,

in
h
ib
it
ed

th
e
V
E
G
F
-

in
d
u
ce
d
ve

ss
el

sp
ro
u
ti
n
g

Su
n
ila

an
d
K
u
tt
an

(2
0
0
6
)

A
ng

io
te
ns
in

co
nv

er
ti
ng

en
zy
m
e
(A
C
E
)

in
hi
bi
to
ry

ac
ti
vi
ty

H
yd

ro
al
co

ho
lic

ex
tr
ac
t
o
f

fr
ui
ts
,a
nd

fr
ac
ti
o
n

P
ip
er
in
e

5
0
–5

0
0
μg

/m
l

—
—

H
ip
p
u
ry
l-
L-
h
is
ti
d
yl
-L
-

le
u
ci
n
e
u
se
d
as

su
b
st
ra
te

E
th
yl
ac
et
at
e
an

d

b
u
ta
n
o
lf
ra
ct
io
ns

sh
o
w
ed

h
ig
h
es
t

in
h
ib
it
o
ry

ef
fe
ct

in

a
co

n
ce
n
tr
at
io
n
-

d
ep

en
d
an

t
m
an

n
er

w
it
h
IC

5
0
va
lu
es

o
f

1
.4
0
an

d

1
.7
5
m
g/
m
l

re
sp
ec
ti
ve

ly

C
h
au

d
h
ar
y
et

al
.

(2
0
1
3
)

R
ad

io
-p
ro
te
ct
iv
e

ac
ti
vi
ty

E
th
an

o
le

xt
ra
ct

o
f

fr
ui
ts

—
1
0
0
m
g/
kg

In
vi
vo

W
ho

le
bo

dy
ir
ra
di
at
ed

Sw
is
s
m
ic
e

E
ff
ec
t
o
f
ex

tr
ac
t
o
n
b
o
n
e

m
ar
ro
w

ce
llu

la
ri
ty

an
d

α-
es
te
ra
se

ac
ti
vi
ty
,o

n

ra
d
ia
ti
o
n
-i
n
d
u
ce
d

to
xi
ci
ty

In
cr
ea

se
d
th
e
W

B
C

co
u
n
t,
n
u
m
b
er

o
f

b
o
n
e
m
ar
ro
w

ce
lls

an
d
α-
es
te
ra
se

p
o
si
ti
ve

ce
lls
,

re
d
u
ce
d
th
e

el
ev

at
ed

le
ve

ls
o
f

G
P
T
,A

LP
,a
n
d
LP

O

in
liv
er

an
d
se
ru
m
,

in
cr
ea

se
d
th
e

re
d
u
ce
d
G
SH

p
ro
d
u
ct
io
n

Su
n
ila

an
d
K
u
tt
an

( 2
0
0
5
)

42 BISWAS ET AL.



T
A
B
L
E
9

(C
o
nt
in
ue

d)

A
ct
iv
it
y

P
ar
ts

us
ed

/

ex
tr
ac
ts

E
ff
ec

ti
ve

co
m
po

un
ds

T
es
te
d
co

nc
en

tr
at
io
ns

In
vi
tr
o
/i
n
vi
vo

M
o
de

l
E
xp

er
im

en
ta
ld

es
ig
n

R
es
u
lt
s/
m
ec

h
an

is
m

o
f

ac
ti
o
n

R
ef
er
en

ce
s

A
nt
i-
sn
ak
e
ve

no
m

ac
ti
vi
ty

E
th
an

o
le

xt
ra
ct

o
f

fr
ui
t

P
ip
er
in
e

5
0
an

d
5
0
0
m
g/
m
l;
0
.3

an
d
3
m
g/
m
l

In
vi
vo

an
d
in

vi
tr
o

bo
th

R
us
se
ll'
s
vi
pe

r
ve

no
m

in

em
br
yo

na
te
d
fe
rt
ile

ch
ic
ke

n
eg

gs
,m

ic
e
an

d

ra
ts

V
en

o
m

le
th
al
an

d

h
ae

m
o
rr
h
ag
ic
ac
ti
o
n
(in

vi
tr
o
),
ve

n
o
m

h
ae

m
o
rr
h
ag
ic
ac
ti
o
n
(in

vi
vo

),
n
ec
ro
ti
zi
n
g
ac
ti
o
n
,

d
ef
ib
ri
n
o
ge

n
at
in
g

ac
ti
o
n
,v
en

o
m
-i
n
d
u
ce
d

p
aw

o
ed

em
a,
m
as
t
ce
ll

d
eg

ra
n
u
la
ti
o
n
,C

K
as
sa
y

an
d
as
sa
y
fo
r
ca
ta
la
se

ac
ti
vi
ty

In
h
ib
it
ed

h
ae

m
o
rr
h
ag
e

in
eg

gs
,l
et
h
al
it
y,

h
ae

m
o
rr
h
ag
e,

n
ec
ro
si
s,

d
ef
ib
ri
n
o
ge

n
at
io
n

an
d
in
fl
am

m
at
o
ry

p
aw

o
ed

em
a
in

m
ic
e,

m
as
t
ce
ll

d
eg

ra
n
u
la
ti
o
n
in

ra
ts
;m

ai
n
ta
in
ed

ca
ta
la
se

en
zy
m
e

an
d
C
K
en

zy
m
e

le
ve

ls
in

m
ic
e

Sh
en

o
y
et

al
.(
2
0
1
3
)

Im
m
un

o
m
o
du

la
to
ry

ac
ti
vi
ty

M
et
ha

no
le

xt
ra
ct

o
f
fr
ui
t

P
ip
er
in
e

5
0
0
,2

5
0
,1

0
0
,a
nd

5
0
μg

/m
l

In
vi
vo

D
LA

an
d
E
A
C
in
du

ce
d

B
al
b/
C
m
ic
e

E
ff
ec
t
o
n
h
ae

m
at
o
lo
gi
ca
l

p
ar
am

et
er
s,
b
o
n
e

m
ar
ro
w

ce
llu

la
ri
ty
,a
n
d

α-
es
te
ra
se

p
o
si
ti
ve

ce
lls

n
u
m
b
er
,c
ir
cu

la
ti
n
g

an
ti
b
o
d
y
ti
tr
e,

p
la
q
u
e-

fo
rm

in
g
ce
lls

in
sp
le
en

In
cr
ea

se
d
th
e
to
ta
l

W
B
C
co

u
n
t,

n
u
m
b
er

o
f
p
la
q
u
e-

fo
rm

in
g
ce
lls

al
so

en
h
an

ce
d
,b

o
n
e

m
ar
ro
w

ce
llu

la
ri
ty

an
d
α
-e
st
er
as
e

p
o
si
ti
ve

ce
lls

w
er
e

al
so

in
cr
ea

se
d

Su
n
ila

an
d
K
u
tt
an

(2
0
0
4
)

E
th
yl
ac
et
at
e

ex
tr
ac
t
o
f
fr
ui
ts

P
ip
er
in
ic
ac
id

1
0
,2

0
,4

0
an

d
8
0
m
g/

kg

B
o
th

an
d
in

vi
tr
o

B
al
b/
C
m
ic
e
tr
ea

te
d
w
it
h

sh
ee

p
R
B
C
s
as

an
ti
ge

n

(in
vi
vo

)a
nd

hu
m
an

P
B
M
C
s
(in

vi
tr
o
)m

o
de

ls
.

Ly
m
p
h
o
cy
te

im
m
u
n
o
p
h
en

o
ty
p
in
g,

in
tr
ac
el
lu
la
r
cy
to
ki
n
e

es
ti
m
at
io
n
,[
3
H
]

th
ym

id
in
e
in
co

rp
o
ra
ti
o
n

as
sa
y,
M
T
T
as
sa
y,
as
sa
y

fo
r
n
it
ri
te

d
et
er
m
in
at
io
n

D
o
se

d
ep

en
d
en

t

d
ec
re
as
e
o
f

ly
m
p
h
o
cy
te
s

(C
D
4
+

an
d
C
D
8
+

T
ce
lls
)a

n
d

cy
to
ki
n
e
le
ve

ls
;

in
h
ib
it
io
n
o
f

m
it
o
ge

n
-i
n
d
u
ce
d

P
B
M
C
p
ro
lif
er
at
io
n
,

m
R
N
A
tr
an

sc
ri
p
ts

o
f
IL
-2

(C
o
n
A
)a

n
d

T
N
F
α,

IL
-1
β,
an

d

iN
O
S
(L
P
S)
;N

O

p
ro
d
u
ct
io
n
re
d
u
ce
d

b
y
st
im

u
la
te
d

m
ac
ro
p
h
ag
es

D
ev

an
et

al
.(
2
0
0
7
)

N
ot
e:
—

in
di
ca
te
s
no

t
m
en

ti
o
ne

d
in

th
e
re
tr
ie
ve

d
lit
er
at
ur
e.

BISWAS ET AL. 43



pharmacological investigations on clinical aspects of P. nigrum extracts

or isolated compounds are still lacking. Therefore, randomized,

double-blind, and placebo-controlled clinical studies are needed to

formulate its dose, to elucidate its possible mode of action and to

assess its toxic attributes in humans.

9 | TOXICITY PROFILE

Piper longum is extensively used in traditional medicine as well as a

common spice for culinary purposes indicating its apparent safety in

humans. In one study, acute and chronic oral toxicity assessment of

the ethanol extract of P. longum fruits was carried out in mice with

acute dosages of 0.5, 1.0, and 3 g/kg for 24 hr and chronic dosage of

100 mg/kg/day for 90 days. The extract caused no significant acute

or chronic mortality, and no significant change in the pre- and post-

treatment body weight. However, it caused a significant increase in

the weight of the lungs and spleen and induced a noteworthy

enhancement in reproductive organ weights, sperm motility, sperm

count, and failed to elicit any spermatotoxic effect in the treated ani-

mals compared to the control (Shah, Al-Shareef, Ageel, &

Qureshi, 1998). Piper longumis widely used as the main ingredient of

“Trikatu,” a generic herbal formulation depicted in the Indian system

of medicine. The acute and sub-acute toxicity study of “Trikatu” was

performed on Charles Foster rats at a dose of 2,000 mg/kg b.w. once

and at doses of 5, 50, and 300 mg/kg b.w. for 28 days. In the acute

experiment, no significant changes were observed in mortality, mor-

bidity, gross pathology, weight gain, organ weight, hematological

(WBC and RBC count), and biochemical profile (serum creatinine,

SGOT, SGPT, lipid, GSH, and MDA content). Moreover, subacute

experiments did not exhibit any significant changes except for an

increase in LDL, SGPT, and a decrease in WBC and high-density lipo-

proteins HDL (Chanda et al., 2009). Acute (14 days), subacute

(28 days), and chronic (90 days) toxicity of P. longum fruit extract were

also studied in albino rats. No significant mortality, the difference in

body weight and vital organ weight were observed by the administra-

tion of the extract; but there was a significant increase in SGPT, creat-

inine, and bilirubin content and significant damage in the cells of liver,

kidney, testis, gastric mucosa, and intestinal mucosa (Sabhahit, 2010).

It was further observed that long pepper at a dose of 1 g/kg body

weight demonstrated the properties of an effective contraceptive

agent without any toxic or teratogenic effects. Therefore, avoidance

of its use during pregnancy and lactation was suggested (Das, Sarkar, &

Thakur, 1987).

10 | PIPER LONGUM AS BIOAVAILABILITY
ENHANCER

The bioavailability term is used to indicate the fraction of a dose that

is orally administered and reaches the systemic circulation as an intact

drug, then absorption and degradation occur with the help of local

metabolites. The bioavailability of orally administered drugs is

calculated by the ratio of the area under the curve (AUC) against the

area for intravenous administration of the particular drug. Boswellic

acids are well-known natural products, which have the capacity to

retard inflammation effectively without any severe adverse effects.

Bioactivity and the therapeutic uses of boswellic acidare restricted

owing to its poor pharmacokinetic properties. Piper longum extract

was found to increase the bioavailability of boswellic acid (p < .05).

The results confirmed that P. longum may be administered orally with

boswellic acid together for effective therapeutic efficacy (Vijayarani

et al., 2020). Oxytetracycline (OTC) is used for the treatment of vari-

ous bacterial, rickettsial, and mycoplasmal infections of poultry and

other avian species. Pre-treatment with P. longum was found to

enhance the bioavailability of OTC when administered orally in white

Leghorn hens. The plasma OTC concentrations were studied using the

microbial assay technique using Bacillus cereus var. mycoides as the

test organism. The pharmacokinetic data revealed that P. longum pre-

treated animals demonstrated significantly higher AUC, area under

the first moment of plasma drug concentration-time curve, and mean

residential time (Singh, Varshneya, Telang, & Srivastava, 2005). Phe-

nytoin, a widely used antiepileptic drug has a low therapeutic poten-

tial with side effects. Rats were administered with 200 mg powder of

P. longum alongside 0.5 ml of suspension containing 10 mg phenytoin

for 5 days orally. Phenytoin in blood serum was estimated and it was

found that the illustrated AUC was more in rats treated with

P. longum along with Phenytoin as compared to rats given only Phe-

nytoin (Wanjari et al., 2020).

11 | CONCLUSIONS AND PERSPECTIVES

Piper longum or long pepper, a world-known spice mostly used for

household cooking purposes or seasoning is mentioned in various tra-

ditional and folkloric medicinal systems for its widespread use in mul-

tiple disease treatments. Researchers have demonstrated the

remarkable effects of P. longum against a plethora of disease condi-

tions, including cancer, inflammation, depression, diabetes, obesity,

cardiac disease, and liver ailments. The plant has also demonstrated

potent inhibitory properties against microbial infections and insects

and offered protection against the effects of radiation. In addition, the

plant was extensively reported for its antioxidant, antiplatelet, antifer-

tility, and immunomodulatory effects. However, its common tradi-

tional uses against insomnia, dementia, epilepsy, convulsions, asthma,

and rheumatoid arthritis have been validated by limited scientific evi-

dences. The bioactive constituents revealed the presence of alkaloids,

lignans, volatile oil, organic acids, and esters in different parts of this

plant. The pharmacological attributes of P. longum are primarily cred-

ited to piperine, which possesses a varied range of bioactivities

(Chinta, Syed, Coumar, & Periyasamy, 2015). However, P. longum

houses a huge range of phytochemicals many of which are yet to be

identified, characterized, and assessed for bioactivity.

Although long pepper has an enormous world-wide demand

owing to its array of medicinal properties, very little attention has

been paid to its commercial production, cultivation, and exportation
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which is not well established till date. Other shortcomings in this

regard include a lack of bioactivity-guided isolation, chemical charac-

terization, and structure–activity studies of the isolated phytochemi-

cals as well as sparse clinical studies and very few toxicological

reports. In addition, synergistic activity of P. longum extract in bi- or

poly-herbal formulations has not been well elucidated. Clinical stud-

ies on this plant extract or formulations have been carried out against

asthma. However, well-designed randomized, double-blind, and

placebo-controlled clinical studies are needed to validate its wide-

spread pharmacological properties for human use. Most of the toxi-

cological analyses were performed in animal models and no safe dose

was mentioned for human use. However, due to its widespread culi-

nary uses, the plant is considered safe and is used in many traditional

polyherbal formulations in varying doses. The plant is easily available,

inexpensive, and appears to be nontoxic, as no mortality and morbid-

ity have been reported with the use of high doses of various solvent

extracts. Therefore, it can be concluded that long pepper is safe and

effective when used against human medical conditions. However,

the pharmacokinetics of the plant extracts and the active principles

and their ability to penetrate BBB in the case of neurological applica-

tions are still an enigma. Therefore, the existing research gaps in the

toxicological studies and pharmacokinetics in humans are also

needed to be substantiated. With the advent of modern analytical

tools, molecular docking, network pharmacology, and omics

approaches, these limitations can be overcome to accept this age-old

and popular medicinal plant in the treatment of various human medi-

cal conditions.

AUTHOR CONTRIBUTIONS

PB, MG, TM, and AVG retrieved the literature and compiled and

revised the first and the second draft and also prepared the tables.

DR, ABM, AM and ND retrieved the extra literature during revision

and VMM, MTP, MHR and NKJ prepared the revised draft. GESB,

SCS, MSS and R helped in softwares and drawings. MK, DKP and AD

supervised the overall content.

ACKNOWLEDGEMENTS

Abhijit Dey was supported by “Faculty Research and Professional

Development Fund” (FRPDF) from Govt. of West Bengal and Presi-

dency University and DBT-BUILDER from Department of Biotechnol-

ogy, Govt. of India.

CONFLICT OF INTEREST

The authors declare that there are no conflicts of interest.

DATA AVAILABILITY STATEMENT

Data sharing is not applicable to this article as no new data were cre-

ated or analyzed in this study.

ORCID

Manoj Kumar https://orcid.org/0000-0002-4192-6497

Abhijit Dey https://orcid.org/0000-0002-5750-0802

REFERENCES

Abdubakiev, S., Li, H., Lu, X., Li, J., & Aisa, H. A. (2020). N-Alkylamides from

Piper longum L. and their stimulative effects on the melanin content

and tyrosinase activity in B16 melanoma cells. Natural Product

Research, 34(17), 2510–2513.
Abdusalam, A., Zhang, Y., Abudoushalamu, M., Maitusun, P.,

Whitney, C. W., Yang, X.f., & Fu, Y. (2020). Documenting the heritage

along the silk road: An ethnobotanical study of medicinal teas used in

southern Xinjiang, China. Journal of Ethnopharmacology, 260, 113012.

Acharya, R., & Acharya, K. P. (2009). Ethnobotanical study of medicinal

plants used by Tharu community of Parroha VDC, Rupandehi district,

Nepal. Scientific World, 7(7), 80–84.
Agarwal, A. K., Singh, M., Gupta, N., Saxena, R., Puri, A., Verma, A. K., …

Saxena, K. C. (1994). Management of giardiasis by an immuno-

modulatory herbal drug Pippali rasayana. Journal of Ethnopharmacol-

ogy, 44(3), 143–146.
Agarwal, K., & Varma, R. (2015). Ethnobotanical study of antilithic plants

of Bhopal district. Journal of Ethnopharmacology, 174, 17–24.
Agrawal, A. K., Rao, C., Sairam, K., Joshi, V., & Goel, R. (2000). Effect of

Piper longum Linn Zingiber officinale Linn and Ferula species on gastric

ulceration and secretion in rats. Indian Journal of Experimental Biology,

38, 994–998.
Ali, M. A., Alam, N. M., Yeasmin, M. S., Khan, A. M., Sayeed, M. A., &

Rao, V. B. (2007). Antimicrobial screening of different extracts of Piper

longum Linn. Research Journal of Agriculture and Biological Sciences,

3(60), 852–857.
Amiri, M. S., & Joharchi, M. R. (2013). Ethnobotanical investigation of tra-

ditional medicinal plants commercialized in the markets of Mashhad,

Iran. Avicenna Journal of Phytomedicine, 3(3), 254–271.
Aneja, K. R., Joshi, R., Sharma, C., & Aneja, A. (2010). Antimicrobial efficacy

of fruit extracts of two piper species against selected bacterial and oral

fungal pathogens. Brazilian Journal of Oral Sciences, 9(4), 421–426.
Arambewela, L., Perera, A., & Wijesundera, R. L. C. (1999). The volatile

constituents and microbiological studies on Kaempheria galanga, Hibis-

cus abelmoschus and Piper longum. Acta Horticulturae (Netherlands),

501, 297–300.
Arora, A. (2009). Ethnobotanical information of medicinal plants in Harid-

war District. Environment Conservation Journal, 10(3), 67–71.
Atal, C. K., & Banga, S. S. (1962). Phytochemical studies on stem of

P. longum. Indian Journal of Pharmacology, 24, 105.

Atal, C. K., & Ojha, J. N. (1965). Studies on the genus piper. Part IV. Long

peppers of Indian commerce. Economic Botany, 19(2), 157–164.
Aung, M. T., Myint, P. P., Myint, Y. Y., & Than, N. N. (2020). Comparative

study of phytochemical constituents and antioxidant and anti-

proliferative activities of rhizomes of Dioscorea alata L. and fruits of

Piper longum L. Myanmar Korea Conference Research Journal, 3(5),

1653–1685.
Bansod, K. V., Jangde, C. R., Ande, M. S., Jogekar, M. S., Bansod, S. K., &

Gore, S. N. (2005). In vitro anthelmintic screening of Piper longum

against Toxocara cati. Royal Veterinary Journal of India, 1(1), 51–52.
Bao, L., Bai, S., & Borijihan, G. (2012). Hypolipidemic effects of a new pip-

erine derivative GB-N from Piper longum in high-fat diet-fed rats. Phar-

maceutical Biology, 50(8), 962–967.
Bedi, K. L., & Atal, C. K. (1971). Study of Indian seed oils. VIII. Component

fatty acids of some seed fats of Piperaceae. Lloydia, VIII, 256–257.
Bhuiyan, M. N. I., Begum, J., & Anwar, M. N. (2008). Volatile constituents

of essential oils isolated from leaf and inflorescences of Piper longum

Linn. Chittagong University Journal of Biological Sciences, 3(1,2), 77–85.
Bi, Y., Qu, P. C., Wang, Q. S., Zheng, L., Liu, H. L., Luo, R., … Yang, H.

(2015). Neuroprotective effects of alkaloids from Piper longum in a

MPTP-induced mouse model of Parkinson's disease. Pharmaceutical

Biology, 53(10), 1516–1524.
Bisht, B. S. (1963). Pharmacognosy of ‘piplamul’–the root and stem of

Piper longum Linn. Planta Medica, 11(4), 410–416.

BISWAS ET AL. 45

https://orcid.org/0000-0002-4192-6497
https://orcid.org/0000-0002-4192-6497
https://orcid.org/0000-0002-5750-0802
https://orcid.org/0000-0002-5750-0802


Braak, H., & Del Tredici, K. (2008). Invited article: Nervous system pathol-

ogy in sporadic Parkinson disease. Neurology, 70(20), 1916–1925.
Chaithong, U., Choochote, W., Kamsuk, K., Jitpakdi, A.,

Tippawangkosol, P., Chaiyasit, D., … Pitasawat, B. (2006). Larvicidal

effect of pepper plants on Aedes aegypti (L.)(Diptera: Culicidae). Journal

of Vector Ecology, 31(1), 138–144.
Chanda, D., Shanker, K., Pal, A., Luqman, S., Bawankule, D. U., Mani, D., &

Darokar, M. P. (2009). Safety evaluation of Trikatu, a generic Ayurve-

dic medicine in Charles Foster rats. The Journal of Toxicological Sci-

ences, 34(1), 99–108.
Chatterjee, A., & Dutta, C. P. (1966). Structure of piperlonguminine, an

alkaloid of Piper longum Linn. Tetrahedron Letters, 7(16), 1797–1800.
Chatterjee, A., & Dutta, C. P. (1967). Alkaloids of Piper longum Linn—I:

Structure and synthesis of piperlongumine and piperlonguminine. Tet-

rahedron, 23(4), 1769–1781.
Chaudhary, S., Mukherjee, P., Maiti, N., Kumar, A., Bhadra, S., & Saha, B.

(2013). Evaluation of angiotensin converting enzyme inhibition and

anti-oxidant activity of Piper longum L. Indian Journal of Traditional

Knowledge, 12, 478–482.
Chauhan, N., Uniyal, P., Chauhan, R., Singh, C., & Kumar, D. (2019). In vitro

antibacterial effects of Piper longum fruit extracts on human pathogens

and phytochemical analysis. International Journal of Research and Ana-

lytical Review, 6, 232–288.
Chaurasia, A., & Das, D. (2013). Evaluation of antihyperglycemic potential

of Piper longum root (Linn.) on alloxan induced diabetic mice. Advances

in Pharmacology & Toxicology, 14(1), S56.

Chaveerach, A., Mokkamul, P., Sudmoon, R., & Tanee, T. (2006). Ethnobot-

any of the genus piper (Piperaceae) in Thailand. Ethnobotany Research

and Applications, 4, 223–231.
Chellappandian, M., Mutheeswaran, S., Pandikumar, P., Duraipand

iyan, V., & Ignacimuthu, S. (2012). Quantitative ethnobotany of tradi-

tional siddha medical practitioners from Radhapuram taluk of Tirunel-

veli District, Tamil Nadu, India. Journal of Ethnopharmacology, 143(2),

540–547.
Cheraghipour, K., Beiranvand, M., Zivdari, M., Amiri, S., Masoori, L.,

Nourmohammadi, M., … Marzban, A. (2021). In vitro potential effect

of Pipper longum methanolic extract against protoscolices of hydatid

cysts. Experimental Parasitology, 221, 108051.

Chinta, G., Syed, S. B., Coumar, M. S., & Periyasamy, L. (2015). Piperine: A

comprehensive review of pre-clinical and clinical investigations. Cur-

rent Bioactive Compounds, 11(3), 156–169.
Choochote, W., Chaithong, U., Kamsuk, K., Rattanachanpichai, E.,

Jitpakdi, A., Tippawangkosol, P., … Pitasawat, B. (2006). Adulticidal

activity against Stegomyia aegypti (Diptera: Culicidae) of three piper spp.

Revista do Instituto de Medicina Tropical de São Paulo, 48(1), 33–37.
Choudhary, N., & Singh, V. (2017). Piper Longum Linn: A review of its phy-

tochemicals and their network pharmacological evaluation. bioRxiv,

169763.

Christina, A., Saraswathy, G., Robert, S. H., Kothai, R., ,Chidambara

nathan N., Nalini, G., & Therasal, R. J. P. (2006). Inhibition of

CCl4-induced liver fibrosis by Piper longum Linn.? Phytomedicine,

13(3), 196–198.
Cronquist, A. (1988). The Evolution and Classification of Flowering Plants.

Bronx: New York Botanical Garden.

Coseri, S. (2009). Natural products and their analogues as efficient antican-

cer drugs. Mini Reviews in Medicinal Chemistry, 9(5), 560–571.
Dahanukar, S. A., Karandikar, S. M., & Desai, M. (1984). Efficacy of Piper

longum in childhood asthma. Indian Drugs, 21(9), 384–388.
Daimari, M., Roy, M. K., Swargiary, A., Baruah, S., & Basumatary, S. (2019).

An ethnobotanical survey of antidiabetic medicinal plants used by the

Bodo tribe of Kokrajhar district, Assam. Indian Journal of Traditional

Knowledge (IJTK), 18(3), 421–429.
Das, P. C., Sarkar, A. K., & Thakur, S. (1987). Studies on animals of a

Herbo-mineral compound for long acting contraction. Fitoterapia,

58(4), 257–261.

D'Cruz, J. L., Nimbkark, A. Y., & Kokate, C. K. (1980). Evaluation of fruits of

Piper longum Linn. and leaves of Adhatoda vasica nees for anthelmintic

activity. Indian Drugs, 17(4), 99–101.
Deeparani, U., & Jayakumari, S. (2019). In vitro anti-cancer study of Vitis

viniferae, Ixora coccinea and Piper longum extract on human prostate

carcinoma cells. Research Journal of Pharmacy and Technology, 12(9),

4485–4488.
Desai, S. J., Prabhu, B. R., & Mulchandani, N. B. (1988). Aristolactams and

4, 5-dioxoaporphines from Piper longum. Phytochemistry, 27(5), 1511–
1515.

Devan, P., Bani, S., Suri, K. A., Satti, N. K., & Qazi, G. N. (2007). Immuno-

modulation exhibited by piperinic acid through suppression of proin-

flammatory cytokines. International Immunopharmacology, 7(7),

889–899.
Dey, P., Goyary, D., Chattopadhyay, P., Kishor, S., Karmakar, S., &

Verma, A. (2020). Evaluation of larvicidal activity of Piper longum leaf

against the dengue vector, Aedes aegypti, malarial vector, Anopheles

stephensi and filariasis vector, Culex quinquefasciatus. South African

Journal of Botany, 132, 482–490.
Dhurwe, U. K., & Diwan, R. K. (2019). 3. Flora of Chhindwara District with

special reference to ethnobotany by Umesh Kumar Dhurwe1 and

Rajesh Kumar Diwan2. Life Sciences Leaflets, 113, 25–32.
Dutta, C. P., Banerjee, N., & Roy, D. N. (1975). Lignans in the seeds of Piper

longum. Phytochemistry, 14, 2090–2091.
Dutta, C. P., Banerjee, N., Sil, A. K., & Roy, D. N. (1977). Studies on the

genus piper: Studies on the roots of piper longumLinn. Indian Journal of

Chemistry, 15, 583–584.
Evans, W. C. (2009). Trease and evans' pharmacognosy E-book. Edinburgh,

UK: Elsevier Health Sciences.

Gaidhani, S., Singh, A., Kumari, S., Lavekar, G., Juvekar, A., Sen, S., &

Padhi, M. (2013). Evaluation of some plant extracts for standardization

and anticancer activity. Indian Journal of Traditional Knowledge, 12(4),

682–687.
Gao, J., Wang, W.-Y., Mao, Y.-W., Gräff, J., Guan, J.-S., Pan, L., …

Tsai, L.-H. (2010). A novel pathway regulates memory and plasticity

via SIRT1 and miR-134. Nature, 466(7310), 1105–1109.
Ghosal, S., Deb, A., Mishra, P., & Vishwakarma, R. (2012). Leishmanicidal

compounds from the fruits of Piper longum. Planta Medica, 78, 906–908.
Ghoshal, S., & Lakshmi, V. (2002). Potential antiamoebic property of the

roots of Piper longum Linn. Phytotherapy Research, 16(7), 689–691.
Ghoshal, S., Prasad, B. N. K., & Lakshmi, V. (1996). Antiamoebic activity of

Piper longum fruits against Entamoeba histolyticain vitro and in vivo.

Journal of Ethnopharmacology, 50(3), 167–170.
Go, J., Seo, J. Y., Park, T. S., Ryu, Y. K., Park, H. Y., Noh, J. R., …

Hwang, D. Y. (2018). Piperlongumine activates Sirtuin1 and improves

cognitive function in a murine model of Alzheimer's disease. Journal of

Functional Foods, 43, 103–111.
Godara, R., Verma, M. K., Katoch, R., Yadav, A., Dutt, P., Satti, N. K., &

Katoch, M. (2018). In vitro acaricidal activity of Piper nigrum and Piper

longum fruit extracts and their active components against Rhipicepha-

lus (Boophilus) microplus ticks. Experimental and Applied Acarology,

75(3), 333–343.
Gohain, N., Prakash, A., Gogoi, K., Bhattacharya, D. R., Sarmah, N. P.,

Dahutia, C., & Kalita, M. C. (2015). An ethnobotanical survey of anti-

malarial plants in some highly malaria affected districts of Assam. Inter-

national Journal of Pharmacy and Pharmaceutical Sciences, 7(9),

147–152.
Gordaliza, M. (2007). Natural products as leads to anticancer drugs. Clinical

and Translational Oncology, 9(12), 767–776.
Guo, Z., Xu, J., Xia, J., Wu, Z., Lei, J., & Yu, J. (2019). Anti-inflammatory and

antitumour activity of various extracts and compounds from the fruits

of Piper longum L. Journal of Pharmacy and Pharmacology, 71(7), 1162–
1171.

Gurumurthy, P., Vijayalatha, S., Sumathy, A., Asokan, M., & Naseema, M.

(2012). Hepatoprotective effect of aqueous extract of Piper longum

46 BISWAS ET AL.



and piperine when administered with anti-tubercular drugs. The Bios-

can, 7(4), 661–663.
Gutierrez, M. P., Maria Neira Gonzalez, A., & Hoyo-Vadillo, C. (2013). Alka-

loids from piper: A review of its phytochemistry and pharmacology.

Mini Reviews in Medicinal Chemistry, 13(2), 163–193.
Güven, A. N. (2011). Mesir Macununun Antioksidan Aktivitesinin Ve Reo-

lojik Özelliklerinin Belirlenmesi.

Han, J., Borjihan, G., Bai, R., Sun, Z., Bao, N., Chen, X., & Jing, X. (2008).

Synthesis and anti-hyperlipidemic activity of a novel starch piperinic

ester. Carbohydrate Polymers, 71(3), 441–447.
Handa, K., Sharma, M., & Nigum, M. (1963). Essential oil of Piper longum.

Properties of the components and isolation of two monocyclic sesqui-

terpenes. Perfume Kosmetik, 44, 233.

Hazra, A. K., Chakraborty, B., Mitra, A., & Sur, T. K. (2019). A rapid HPTLC

method to estimate piperine in Ayurvedic formulations. Journal of

Ayurveda and Integrative Medicine, 10(4), 248–254.
He, H., Guo, W. W., Xu, R. R., Chen, X. Q., Zhang, N., Wu, X., &

Wang, X. M. (2016). Alkaloids from Piper longum protect dopaminergic

neurons against inflammation-mediated damage induced by intranigral

injection of lipopolysaccharide. BMC Complementary and Alternative

Medicine, 16(1), 412.

Hua, S., Wang, B., Chen, R., Zhang, Y., Zhang, Y., Li, T., … Fu, X. (2019).

Neuroprotective effect of dichloromethane extraction from Piper

nigrum L. and Piper longum L. on permanent focal cerebral ischemia

injury in rats. Journal of Stroke and Cerebrovascular Diseases, 28(3),

751–760.
Huang, H., Morgan, C. M., Asolkar, R. N., Koivunen, M. E., & Marrone, P. G.

(2010). Phytotoxicity of sarmentine isolated from long pepper (Piper

longum) fruit. Journal of Agricultural and Food Chemistry, 58(18), 9994–
10000.

Huang, H., Shan, K., Liu, J., Tao, X., Periyasamy, S., Durairaj, S., …
Jacob, J. A. (2020). Synthesis, optimization and characterization of sil-

ver nanoparticles using the catkin extract of Piper longum for bacteri-

cidal effect against food-borne pathogens via conventional and

mathematical approaches. Bioorganic Chemistry, 104230, 104230.

Iwashita, M., Saito, M., Yamaguchi, Y., Takagaki, R., & Nakahata, N. (2007).

Inhibitory effect of ethanol extract of Piper longum L. on rabbit platelet

aggregation through antagonizing thromboxane A2 receptor. Biological

and Pharmaceutical Bulletin, 30(7), 1221–1225.
Jacob, S. J. P., Finub, J. S., & Narayanan, A. (2012). Synthesis of silver

nanoparticles using Piper longum leaf extracts and its cytotoxic activity

against Hep-2 cell line. Colloids and Surfaces B: Biointerfaces, 91,

212–214.
Jagdale, S. C., Kuchekar, B. S., Chabukswar, A. R., Lokhande, P. D., &

Raut, C. G. (2009). Anti-oxidant activity of Piper longum Linn. Interna-

tional Journal of Biological Chemistry, 3(3), 119–125.
Jaiswal, V. (2010). Culture and ethnobotany of Jaintia tribal community of

Meghalaya, Northeast India-A mini review. Indian Journal of Traditional

Knowledge, 9(1), 38–44.
Jalalpure, S. S., Patil, M. B., Prakash, N. S., Hemalata, K., & Manvi, F. V.

(2003). Hepatoprotective activity of the fruits of Piper longum Linn.

Indian Journal of Pharmaceutical Sciences, 65(4), 363.

Jamila, N., Khan, N., Bibi, A., Haider, A., Khan, S. N., Atlas, A., … Bibi, A.

(2020). Piper longum catkin extract mediated synthesis of Ag, Cu, and

Ni nanoparticles and their applications as biological and environmental

remediation agents. Arabian Journal of Chemistry, 13(8), 6425–6436.
Jan, I., Mukhtiar, M., & Hazrat, A. (2018). The ethnobotanical study of

medicinal plants in rawalakot used for asthma. FUUAST Journal of Biol-

ogy, 8(1), 157–160.
Jayapriya, M., Dhanasekaran, D., Arulmozhi, M., Nandhakumar, E.,

Senthilkumar, N., & Sureshkumar, K. (2019). Green synthesis of silver

nanoparticles using Piper longum catkin extract irradiated by sunlight:

Antibacterial and catalytic activity. Research on Chemical Intermediates,

45(6), 3617–3631.

Jegham, S., & George, P. (1998). Monoamine oxidase A and B inhibitors.

Expert Opinion on Therapeutic Patents, 8(9), 1143–1150.
Jiang, Z. Y., Liu, W. F., Huang, C. G., & Huang, X. Z. (2013). New amide

alkaloids from Piper longum. Fitoterapia, 84, 222–226.
Jin, Z., Borjihan, G., Zhao, R., Sun, Z., Hammond, G. B., & Uryu, T. (2009).

Antihyperlipidemic compounds from the fruit of Piper longum L. Phy-

totherapy Research, 23(8), 1194–1196.
Johri, R. K., & Zutshi, U. (1992). An Ayurvedic formulation ‘Trikatu’ and its

constituents. Journal of Ethnopharmacology, 37(2), 85–91.
Juvekar, M. R., Kulkarni, M. P., & Juvekar, A. R. (2008). Anti-stress, nootro-

pic and anticonvulsant potential of fruit extracts of Piper longum L.

Planta Medica, 74(9), 244.

Kadirvelmurugan, V., Raju, K., Arumugam, T., Karthik, V., & Ravikumar, S.

(2014). Ethnobotany of Medi-Flora of Kolli Hills, Tamil Nadu. Archives

of Applied Science Research, 6(1), 159–164.
Kamboj, V. P. (2000). Herbal medicine. Current Science, 78(1), 35–39.
Kaushik, D., Rani, R., Kaushik, P., Sacher, D., & Yadav, J. (2012). In vivo and

in vitro antiasthmatic studies of plant Piper longum Linn. International

Journal of Pharmacology, 8(3), 192–197.
Ke, Z., Changxiang, C., Dezu, W., & Yu, W. (1996). A new dimer of amide

from Piper longum. Acta Botanica Yunnanica, 18(3), 353–355.
Khan, M. (2015). Comparative physicochemical evaluation of fruits and

antidepressant potential of volatile oils of fruits of local piper species.

Oriental Journal of Chemistry, 31(1), 541–545.
Khan, M., & Siddiqui, M. (2007). Antimicrobial activity of piper fruits.

Indian Journal of Natural Products and Resources, 6(2), 111–113.
Khatami, Z., Herdlinger, S., Sarkhail, P., Zehl, M., Kaehlig, H.,

Schuster, D., & Adhami, H.-R. (2020). Isolation and characterization of

acetylcholinesterase inhibitors from Piper longum and binding mode

predictions. Planta Medica, 86(15), 1118–1124.
Khushbu, C., Lalkrishna, P., Roshni, S., Virendra, K., Dhaval, M., & Timir, P.

(2010). Effect of Piper longum Linn on histopathological and biochemi-

cal changes in isoproterenol induced myocardial infarction in rats.

Research Journal of Pharmaceutical, Biological and Chemical Sciences,

1(3), 759–766.
Khushbu, C., Roshni, S., Anar, P., Carol, M., & Mayuree, P. (2011). Phyto-

chemical and therapeutic potential of Piper longum Linn a review. Inter-

national Journal of Research in Ayurveda and Pharmacy, 2(1), 157–161.
Kilari, E. K., Rao, L. S. N., Sreemanthula, S., & Kola, P. K. (2015). Anti-stress

and nootropic activity of aqueous extract of Piper longum fruit, esti-

mated by noninvasive biomarkers and Y-maze test in rodents. Enviro-

mental and Experimental Biology, 13, 25–31.
Kirtikar, K. R., & Basu, B. D. (1987). Indian medicinal plants (Vol. III,

pp. 1090–1093). Dehradun: International Book Distributors.

Kokate, C., Chaudhari, G., & Nimbkar, A. (1980). Search for anthelmintics

of plant origin: Activities of volatile principles of Acorus calamus and

Piper longum against Ascaris lumbricoides. Paper presented at the

4. Asian Symposium on Medicinal Plants and Spices, Bangkok

(Thailand), September 15–19, 1980.
Kokate, C. K., Tipnis, H. P., & Gonsalves, L. X. (1980). Anti-insect and juve-

nile hormone mimicking activities of essential oils of Adhatoda vasica,

Piper longum and Cyperus rotundus. Paper presented at the 4. Asian

Symposium on Medicinal Plants and Spices, Bangkok (Thailand),

September 15–19, 1980.
Koorse, K. G., Samraj, S., John, P., Narayanan, P. M., Devi, S. S.,

Usha, P. T. A., … Gleeja, V. L. (2018). Anthelmintic activity of fruit

extract and fractions of Piper longum L. in vitro. Pharmacognosy Journal,

10(2), 333–340.
Koul, S. K., Taneja, S. C., Agarwal, V. K., & Dhar, K. L. (1988). Minor amides

of piper species. Phytochemistry, 27(11), 3523–3527.
Krishna, M. S., Joy, B., & Sundaresan, A. (2015). Effect on oxidative stress,

glucose uptake level and lipid droplet content by Apigenin 7, 40-
dimethyl ether isolated from Piper longum L. Journal of Food Science

and Technology, 52(6), 3561–3570.

BISWAS ET AL. 47



Krishnaprasad, G. K., Surya, S., Sujith, S., Preethy, J., Priya, M. N.,

Devi, S. S., & Usha, P. T. A. (2018). In-vitro efficacy of various fruit

extracts of Duranta erecta and Piper longum against adult Amphis-

tomes. International Journal of Pharmacognosy and Phytochemical

Research, 10(4), 165–169.
Kumar, A., Panghal, S., Mallapur, S. S., Kumar, M., Ram, V., & Singh, B. K.

(2009). Antiinflammatory activity of Piper longum fruit oil. Indian Jour-

nal of Pharmaceutical Sciences, 71(4), 454–456.
Kumar, K. R., & Prathyusha, A. (2019). Protective effect of Piper longum

methanolic extract on alcohol induced intoxication model in rats. Inter-

national Journal of Pharma and Bio Sciences, 10(3), 11–20.
Kumar, V., Markovi�c, T., Emerald, M., & Dey, A. (2015). Herbs: Composi-

tion and dietary importance. In B. Caballero, P. Finglas, & F. Toldrá

(Eds.), Encyclopedia of food and health (Vol. 3, pp. 332–337). Oxford:

Academic Press.

Kumar, S., Arya, P., Mukherjee, C., Singh, B. K., Singh, N., Parmar, V. S., …
Ghosh, B. (2005). Novel aromatic ester from Piper longum and its ana-

logues inhibit expression of cell adhesion molecules on endothelial

cells. Biochemistry, 44(48), 15944–15952.
Kumar, S., Kamboj, J., & Sharma, S. (2011). Overview for various aspects of

the health benefits of Piper longum Linn. Fruit. Journal of Acupuncture

and Meridian Studies, 4(2), 134–140.
Kumar, S., & Pandey, S. (2015). An ethnobotanical study of local plants and

their medicinal importance in tons river area, Dehradun, Uttarakhand.

Indian Journal of Tropical Biodiversity, 23(2), 227–231.
Kumar, S., Sharma, S., & Vasudeva, N. (2013). Screening of antidiabetic

and antihyperlipidemic potential of oil from Piper longum and piperine

with their possible mechanism. Expert Opinion on Pharmacotherapy,

14(13), 1723–1736.
Kumar, S. S., Padhan, B., Palita, S. K., & Panda, D. (2016). Plants used

against snakebite by tribal people of Koraput district of Odisha, India.

Journal of Medicinal Plants Studies, 4(6), 38–42.
Kumari, M., Ashok, B. K., Ravishankar, B., Pandya, T. N., & Acharya, R.

(2012). Anti-inflammatory activity of two varieties of Pippali (Piper

longum Linn.). Ayu, 33(2), 307.

Lakshmi, V., Kumar, R., Agarwal, S. K., & Dhar, J. D. (2006). Antifertility

activity of Piper longum Linn. In female rats. Natural Product Research,

20(3), 235–239.
Latief, U., & Ahmad, R. (2018). Herbal remedies for liver fibrosis: A review

on the mode of action of fifty herbs. Journal of Traditional and Comple-

mentary Medicine, 8(3), 352–360.
Lawrence, G. H. M. (2017). Taxonomy of vascular plants. Jodhpur, India: Sci-

entific Publishers.

Lee, E. B., Shin, K. H., & Woo, W. S. (1984). Pharmacological study on pip-

erine. Archives of Pharmacal Research, 7(2), 127–132.
Lee, S. A., Hong, S. S., Han, X. H., Hwang, J. S., Oh, G. J., Lee, K. S., …

Ro, J. S. (2005). Piperine from the fruits of Piper longum with inhibitory

effect on monoamine oxidase and antidepressant-like activity. Chemi-

cal and Pharmaceutical Bulletin, 53(7), 832–835.
Lee, S. A., Hwang, J. S., Han, X. H., Lee, C., Lee, M. H., Choe, S. G., …

Hwang, B. Y. (2008). Methylpiperate derivatives from Piper longum and

their inhibition of monoamine oxidase. Archives of Pharmacal Research,

31(6), 679–683.
Lee, S. E. (2000). Mosquito larvicidal activity of pipernonaline, a piperidine

alkaloid derived from long pepper, Piper longum. Journal of the Ameri-

can Mosquito Control Association-Mosquito News, 16(3), 245–247.
Lee, S. E., Park, B. S., Kim, M. K., Choi, W. S., Kim, H. T., Cho, K. Y., …

Lee, H. S. (2001). Fungicidal activity of pipernonaline, a piperidine alka-

loid derived from long pepper, Piper longum L., against phytopatho-

genic fungi. Crop Protection, 20(6), 523–528.
Lee, S. W., Kim, M. S., Park, M. H., Park, S. J., Lee, W. S., Chang, J. S., &

Rho, M. C. (2010). Alkamides from Piper longum and Piper nigrum as

inhibitors of IL-6 action. Bulletin of the Korean Chemical Society, 31,

921–924.

Lee, S. W., Rho, M. C., Park, H. R., Choi, J. H., Kang, J. Y., Lee, J. W., …
Kim, Y. K. (2006). Inhibition of diacylglycerol acyltransferase by alka-

mides isolated from the fruits of Piper longum and Piper nigrum. Journal

of Agricultural and Food Chemistry, 54(26), 9759–9763.
Lee, W., Kim, K. Y., Yu, S. N., Kim, S. H., Chun, S. S., Ji, J. H., … Ahn, S.-C.

(2013). Pipernonaline from Piper longum Linn. Induces ROS-mediated

apoptosis in human prostate cancer PC-3 cells. Biochemical and Bio-

physical Research Communications, 430(1), 406–412.
Li, D., Wang, R., Cheng, X., Yang, J., Yang, Y., Qu, H., … Zheng, X. (2020).

Chemical constituents from the fruits of Piper longum L. and their vas-

cular relaxation effect on rat mesenteric arteries. Natural Product

Research, 36, 674–679.
Lim, H. J., Bak, S. G., Park, E. J., Ku, S.-K., Lee, S., Lee, S. W., … Rho, M.-C.

(2020). Retrofractamide C derived from Piper longum alleviates xylene-

induced mouse ear edema and inhibits phosphorylation of ERK and

NF-κB in LPS-induced J774A. 1. Molecules, 25(18), 4058.

Liu, J., Chen, M., Wang, X., Wang, Y., Duan, C., Gao, G., … Yang, H. (2016).

Piperine induces autophagy by enhancing protein phosphotase 2A

activity in a rotenone-induced Parkinson's disease model. Oncotarget,

7(38), 60823–60843.
Liu, J., Liu, W., Lu, Y., Tian, H., Duan, C., Lu, L., … Yang, H. (2018). Piperlon-

gumine restores the balance of autophagy and apoptosis by increasing

BCL2 phosphorylation in rotenone-induced Parkinson disease models.

Autophagy, 14(5), 845–861.
Liu, L., Song, G., & Hu, Y. (2007). GC–MS analysis of the essential oils of

Piper nigrum L. and Piper longum L. Chromatographia, 66(9), 785–790.
Liu, W., Jiang, Z., Chen, J., Zhang, X., & Ma, Y. (2009). Chemical constitu-

ents from Piper longum. Zhongguo Zhong yao za zhi = Zhongguo zhon-

gyao zazhi = China Journal of Chinese Materia Medica, 34(22), 2891–
2894.

Lokhande, P. D., Gawai, K. R., Kodam, K. M., Kuchekar, B. S.,

Chabukswar, A. R., & Jagdale, S. C. (2007). Antibacterial activity of

extracts of Piper longum. Journal of Pharmacology and Toxicology, 2(6),

574–579.
Madhu, S. K., Vijayan, V. A., & Shaukath, A. K. (2011). Bioactivity guided

isolation of mosquito larvicide from Piper longum. Asian Pacific Journal

of Tropical Medicine, 4(2), 122–116.
Madhusudhan, P., & Vandana, K. L. (2001). Tetrahydropiperine, the first

natural aryl pentanamide from Piper longum. Biochemical Systematics

and Ecology, 29(5), 537–538.
Mallikarjuna, K., Narasimha, G., Sushma, N. J., Dillip, G. R., Reddy, B. V.,

Sreedhar, B., & Raju, B. (2015). Biogenic preparation of gold nanostruc-

tures reduced from Piper longum leaf broth and their electrochemical

studies. Journal of Nanoscience and Nanotechnology, 15(2), 1280–1286.
Mamun, A., Khatun, M. H., Islam, M. R., Nahar, L., Shams-

Ud-Doha, K. M., & Ripa, F. A. (2011). Evaluation of CNS depressant

and analgesic activities of the methanol extract of piper longum Linn.

Leaves. International Journal of Pharmaceutical Sciences and Research,

2(11), 2874.

Manoj, P., Soniya, E. V., Banerjee, N. S., & Ravichandran, P. (2004). Recent

studies on well-known spice, Piper Longum Linn. Natural Product Radi-

ance, 3(4), 225–227.
McEwen, B. S. (2007). Physiology and neurobiology of stress and adapta-

tion: Central role of the brain. Physiological Reviews, 87(3), 873–904.
Min, K. R., Kim, K.-S., Ro, J. S., Lee, S. H., Kim, J. A., Son, J. K., & Kim, Y.

(2004). Piperlonguminine from Piper longum with inhibitory effects on

alpha-melanocyte-stimulating hormone-induced melanogenesis in

melanoma B16 cells. Planta Medica, 70(12), 1115–1118.
Mishra, J., Mahalik, G., & Parida, S. (2019). Ethnobotanical study of tradi-

tional medicinal plants used in the management of diabetes in the

urban areas of Khurda, Odisha, India. Asian Journal of Pharmaceutical

and Clinical Research, 12(9), 73–78.
Moktan, S., & Rai, P. (2019). Ethnobotanical approach against respiratory

related diseases and disorders in Darjeeling region of eastern

48 BISWAS ET AL.



Himalaya. NeBIO, An International Journal of Environment & Biodiversity,

10(2), 99–105.
Mortha, K. R., & Lagudu, M. N. (2020). Ethnomedicine from Konda Reddis

of high altitude agency tracts of east Godavari District, Andhra Pra-

desh, India. In Medicinal plants: Biodiversity, sustainable utilization and

conservation (pp. 205–224). Singapore: Springer.
Mukerji, B. (1953). The Indian pharmaceutical codex. Volume I-Indigenous

Drugs (p. 203). New Delhi, India: Council of Scientific and Industrial

Research.

Mungunnaran, D., Gereltu, B., & Bayarmaa, B. (2018). Antihyperlipidemic

activity of newly synthesized piperlonguminine acid. Mongolian Journal

of Agricultural Sciences, 25(3), 97–105.
Mustafa, R. A., Hamid, A. A., Mohamed, S., & Bakar, F. A. (2010). Total phe-

nolic compounds, flavonoids, and radical scavenging activity of

21 selected tropical plants. Journal of Food Science, 75(1), C28–C35.
Nabi, S. A., Kasetti, R. B., Sirasanagandla, S., Tilak, T. K., Kumar, M. V. J., &

Rao, C. A. (2013). Antidiabetic and antihyperlipidemic activity of Piper

longum root aqueous extract in STZ induced diabetic rats. BMC Com-

plementary and Alternative Medicine, 13(1), 37.

Nagendrappa, P. B., Naik, M. P., & Payyappallimana, U. (2013). Ethnobo-

tanical survey of malaria prophylactic remedies in Odisha, India. Jour-

nal of Ethnopharmacology, 146(3), 768–772.
Naika, R., Prasanna, K. P., & Ganapathy, P. S. (2010). Antibacterial activity

of piperlongumine an alkaloid isolated from methanolic root extract of

piper Longum L. Pharmacophore, 1(2), 141–148.
Nakkala, J. R., Mata, R., & Sadras, S. R. (2016). The antioxidant and cata-

lytic activities of green synthesized gold nanoparticles from Piper

longum fruit extract. Process Safety and Environmental Protection, 100,

288–294.
Namsa, N. D., Mandal, M., & Tangjang, S. (2011). Anti-malarial herbal rem-

edies of Northeast India, Assam: An ethnobotanical survey. Journal of

Ethnopharmacology, 133(2), 565–572.
Nanjappaiah, H. M., Patil, V. P., MuchchandiI, S., Chandrashekar, V. M., &

Shivakumar, H. (2017). Screening of antistress and anxiolytic activities

of Piper longum fruits extract. Pharmaceutical and Biosciences Journal,

54, 1–11.
Napagoda, M. T., Sundarapperuma, T., Fonseka, D., Amarasiri, S., &

Gunaratna, P. (2018). An ethnobotanical study of the medicinal plants

used as anti-inflammatory remedies in Gampaha District, Western

Province, Sri Lanka. Scientifica, 2018, 1–8.
Nasrollahzadeh, M., Sajadi, S. M., Maham, M., & Ehsani, A. (2015). Facile

and surfactant-free synthesis of Pd nanoparticles by the extract of the

fruits of Piper longum and their catalytic performance for the Sonoga-

shira coupling reaction in water under ligand-and copper-free condi-

tions. RSC Advances, 5(4), 2562–2567.
Nawaz, A., Hossain, M., Karim, M., Khan, M., Jahan, R., & Rahmatullah, M.

(2009). An ethnobotanical survey of Rajshahi district in Rajshahi divi-

sion, Bangladesh. American-Eurasian Journal of Sustainable Agriculture,

3(2), 143–150.
Ohno, O., Watabe, T., Nakamura, K., Kawagoshi, M., Uotsu, N., Chiba, T.,

… Miyamoto, K. (2010). Inhibitory effects of bakuchiol, bavachin, and

isobavachalcone isolated from Piper longum on melanin production in

B16 mouse melanoma cells. Bioscience, Biotechnology, and Biochemis-

try, 74(7), 1504–1506.
Oli, B. R., Ghimire, S. K., & Bhuju, D. R. (2005). Ethnographic validity and

use values of plants locally utilized in the Churiya of East Nepal: A

quantitative approach to ethnobotany. Botanica Orientalis, 5, 40–47.
Oommen, S., Ved, D. K., & Krishnan, R. (2000). Tropical Indian medicinal

plants: Propagation methods. Bangalore, India: FRLHT, Foundation for

Revitalisation of local health traditions.

Ovadje, P., Ma, D., Tremblay, P., Roma, A., Steckle, M., Guerrero, J.-A., …
Pandey, S. (2014). Evaluation of the efficacy & biochemical mechanism

of cell death induction by Piper longum extract selectively in in-vitro

and in-vivo models of human cancer cells. PLoS One, 9(11), e113250.

Pandey, J. K., & Singh, D. K. (2009). Molluscicidal activity of Piper cubeba

Linn., Piper longum Linn. and Tribulus terrestris Linn. And their combina-

tions against snail Indoplanorbis exustus Desh. Indian Journal of Experi-

mental Biology, 47, 643–648.
Park, B. S., Lee, S. E., Choi, W. S., Jeong, C. Y., Song, C., & Cho, K. Y.

(2002). Insecticidal and acaricidal activity of pipernonaline and piper-

octadecalidine derived from dried fruits of Piper longum L. Crop Protec-

tion, 21(3), 249–251.
Park, B. S., Son, D. J., Park, Y. H., Kim, T. W., & Lee, S. E. (2007). Antiplate-

let effects of acidamides isolated from the fruits of Piper longum L. Phy-

tomedicine, 14(12), 853–855.
Parmar, V. S., Jain, S. C., Bisht, K. S., Jain, R., Taneja, P., Jha, A., …

Olsen, C. E. (1997). Phytochemistry of the genus piper. Phytochemistry,

46(4), 597–673.
Patel, J. A. (2009). Hepatoprotective activity of Piper longum traditional

milk extract on carbon tetrachloride induced liver toxicity in Wistar

rats. Boletin Latinoamericano y del Caribe de Plantas Medicinales y Aro-

maticas, 8(2), 121–129.
Pawe, D., & Gogoi, R. (2013). Ethnobotany of Poro Apong or chai mod—A

local rice beer of Mishing tribes of Assam. NeBIO, An International Jour-

nal of Environment & Biodiversity, 4(2), 46–49.
Pradeesh, D. S., Sukumaran, S., Jeeva, S., & Jenisha, S. R. (2020). Ethnobo-

tanical studies of Kanies in Mothiramalai, Kilamalai reserve Forest,

Kalial range, Kanyakumari Forest division, Tamilnadu. High Technology

Letters, 26(7), 989–1002.
Qin, W., Yang, T., Ho, L., Zhao, Z., Wang, J., Chen, L., … Pasinetti, G. M.

(2006). Neuronal SIRT1 activation as a novel mechanism underlying

the prevention of Alzheimer disease amyloid neuropathology by calo-

rie restriction. The Journal of Biological Chemistry, 281(31), 21745–
21754.

Rajeswary, H., Vasuki, R., Samudram, P., & Geetha, A. (2011). Hepatopro-

tective action of ethanolic extracts of Melia azedarach Linn. And Piper

longum Linn. And their combination on CCl 4 induced hepatotoxicity

in rats. Indian Journal of Experimental Biology, 49, 276–281.
Ramesh, V., Hari, R., Pandian, S., & Arumugam, G. (2011). Antioxidant

activity of combined ethanolic extract of Eclipta alba and Piper longum

Linn. Journal of Complementary and Integrative Medicine, 8(1),

1553–3840.
Rampilla, V., Khasim, S. M., & Thammasiri, K. (2020). Ethnobotanical

assessment of medicinal plants used by indigenous people living

around the sacred groves of east Godavari District, Andhra Pradesh,

India. In Medicinal plants: Biodiversity, sustainable utilization and conser-

vation (pp. 143–194). Singapore: Springer.
Reddy, K. V. R., Paul, M. J., & Basha, S. K. M. (2016). Ethnobotanical study

of Durgamkonda of Veligonda Hill range, eastern Ghats, Andhra Pra-

desh. International Journal of Latest Trends in Engineering and Technol-

ogy, 8(3), 258–262.
Reddy, N. J., Vali, D. N., Rani, M., & Rani, S. S. (2014). Evaluation of antioxi-

dant, antibacterial and cytotoxic effects of green synthesized silver

nanoparticles by Piper longum fruit. Materials Science and Engineering:

C, 34, 115–122.
Reshmi, S. K., Sathya, E., & Devi, P. S. (2010). Isolation of piperdine from

Piper nigrum and its antiproliferative activity. Journal of Medicinal Plant

Research, 4(15), 1535–1546.
Rethy, P., Singh, B., Kagyung, R., & Gajurel, P. (2010). Ethnobotanical stud-

ies of Dehang–Debang Biosphere Reserve of Arunachal Prad esh with

special reference to Memba tribe. Indian Journal of Traditional Knowl-

edge, 9(1), 61–67.
Sabhahit, S. (2010). Experimental evaluation of Pippali (piper Longum Linn.)

for its toxicity with special reference to adverse drug reaction. (doc-

toral dissertation).

Sahoo, H., & Mahalik, G. (2020). Ethnobotanical survey of medicinal plants

of Kantapada block of Cuttack district, Odisha, India. International

Journal of Biosciences, 16(5), 284–292.

BISWAS ET AL. 49



Sahu, S. C., Pattnaik, S. K., Sahoo, S. L., Lenka, S. S., & Dhal, N. K. (2011).

Ethnobotanical study of medicinal plants in the coastal districts of Odi-

sha. Current Botany, 2(7), 17–20.
Sajem, A. L., & Gosai, K. (2010). Ethnobotanical investigations among the

Lushai tribes in North Cachar hills district of Assam, north-East India.

Indian Journal of Traditional Knowledge, 9(1), 108–113.
Samudram, P., Vasuki, R., Rajeshwari, H., Geetha, A., & Moorthi, P. S.

(2009). Antioxidant and antihepatotoxic activities of ethanolic crude

extract of Melia azedarach and Piper longum. Journal of Medicinal Plant

Research, 3(12), 1078–1083.
Sanap, A., Joshi, K., Shah, T., Tillu, G., & Bhonde, R. (2021). Pre-

conditioning of mesenchymal stem cells with Piper longum L. augments

osteogenic differentiation. Journal of Ethnopharmacology, 273,

113999.

Saraf, A., & Saraf, A. (2014). Phytochemical and antimicrobial studies of

medicinal plant Piper longum Linn. International Journal of Pharmacog-

nosy and Phytochemistry Research, 6(2), 213–222.
Sarwar, A., Sharma, S., Arif, M., Thakur, S. S., Athar, F., Khillare, B., &

Thakur, S. C. (2014). Piper longum hexane fraction induces infertility by

modulation of inflammatory mediators and gonadotripin insufficiency

in female rats. International Journal of Pharmacy and Pharmaceutical Sci-

ences, 2, 416–420.
Sarwar, A. H. M. G., Nirala, R. K., Arif, M., Khillare, B., & Thakur, S. C.

(2015). Spermicidal activity of the hexane extract of Piper longum: An

in vitro study. Natural Product Research, 29(12), 1166–1169.
Savithramma, N., Sulochana, C., & Rao, K. N. (2007). Ethnobotanical survey

of plants used to treat asthma in Andhra Pradesh, India. Journal of Eth-

nopharmacology, 113(1), 54–61.
Sawangjaroen, N., Sawangjaroen, K., & Poonpanang, P. (2004). Effects of

Piper longum fruit, Piper sarmentosum root and Quercus infectoria nut

gall on caecal amoebiasis in mice. Journal of Ethnopharmacology, 91(2–
3), 357–360.

Sawangjaroen, N., Subhadhirasakul, S., Phongpaichit, S., Siripanth, C.,

Jamjaroen, K., & Sawangjaroen, K. (2005). The in vitro anti-giardial

activity of extracts from plants that are used for self-medication by

AIDS patients in southern Thailand. Parasitology Research, 95(1),

17–21.
Sawhney, S. S., Painuli, R. M., & Chauhan, N. (2011). Evaluation of bacteri-

cidal and anticancer properties of fruits of Piper longum. International

Journal of Pharmacy and Pharmaceutical Sciences, 3(5), 282–287.
Scott, I. M., Jensen, H. R., Philogène, B. J. R., & Arnason, J. T. (2008). A

review of piper spp. (Piperaceae) phytochemistry, insecticidal activity

and mode of action. Phytochemistry Reviews, 7(1), 65.

Sen, S., Chakraborty, R., De, B., & Devanna, N. (2011). An ethnobotanical

survey of medicinal plants used by ethnic people in west and south

district of Tripura, India. Journal of Forestry Research, 22(3), 417.

Shah, A. H., Al-Shareef, A. H., Ageel, A. M., & Qureshi, S. (1998). Toxic-

ity studies in mice of common spices, Cinnamomum zeylanicum bark

and Piper longum fruits. Plant Foods for Human Nutrition, 52(3),

231–239.
Shankaracharya, N. B., Jaganmohan Rao, L., Pura Naik, J., & Nagalakshmi,

S. (1997). Characterisation of chemical constituents of Indian long

pepper (Piper longum L.). Journal of Food Science and Technology, 34(1),

73–75.
Shanmugam Manoharan, S. S., Vasudevan, K., & Balakrishnan, S. (2007).

Antihyperglycemic and Antilipid peroxidative effects of Piper longum

(Linn.) dried Friuts in Alloxan induced diabetic rat. Journal of Biological

Sciences, 6(1), 161–168.
Sharma, A., Kumar, S., Chashoo, G., Saxena, A., & Pandey, A. K. (2014). Cell

cycle inhibitory activity of Piper longum against A549 cell line and its

protective effect against metal-induced toxicity in rats. Indian Journal

of Biochemistry & Biophysics, 51, 358–364.
Sharma, P., & Samhita, C. (1983). Chikitsasthana. Charaka Samhita. 3–4.

Sharma, R. K., Rathore, Y. K. S., & Kumar, S. (1983). Chemical examination

of dried fruits of Pippali (Piper longum Linn.). Journal of Scientific

Research into Plant Medicines, 4(4), 63.

Sharma, S., & Sahu, A. N. (2016). Development, characterization, and eval-

uation of hepatoprotective effect of Abutilon indicum and Piper longum

phytosomes. Pharmacognosy Research, 8(1), 29–36.
Sharma, V., Singh, J., Gupta, M. C., & Sharma, S. (2014). Protective effects

of aqueous and alcoholic extracts of Piper longum in experimental

rodent models of seizures. Journal of Pharmaceutical Research and Clini-

cal Practice, 4, 1–7.
Shenoy, P. A., Nipate, S. S., Sonpetkar, J. M., Salvi, N. C.,

Waghmare, A. B., & Chaudhari, P. D. (2013). Anti-snake venom activi-

ties of ethanolic extract of fruits of Piper longum L. (Piperaceae) against

Russell's viper venom: Characterization of piperine as active principle.

Journal of Ethnopharmacology, 147(2), 373–382.
Shih, J. C., Chen, K., & Ridd, M. J. (1999). Monoamine oxidase: From genes

to behavior. Annual Review of Neuroscience, 22(1), 197–217.
Shoji, N., Umeyama, A., Saito, N., Takemoto, T., Kajiwara, A., & Ohizumi, Y.

(1986). Dehydropipernonaline, an amide possessing coronary vasodi-

lating activity, isolated from Piper longum L. Journal of Pharmaceutical

Sciences, 75(12), 1188–1189.
Shukla, G., & Chakravarty, S. (2012). Ethnobotanical plant use of Chilapatta

reserved forest in West Bengal. Indian Forester, 138(12), 1116.

Singh, A., Ahamad, I., & Quraishi, M. A. (2016). Piper longum extract as

green corrosion inhibitor for aluminium in NaOH solution. Arabian

Journal of Chemistry, 9, S1584–S1589.
Singh, M., Varshneya, C., Telang, R. S., & Srivastava, A. K. (2005). Alteration

of pharmacokinetics of oxytetracycline following oral administration

of Piper longum in hens. Journal of Veterinary Science, 6(3), 197–200.
Singh, N. K., Saini, S. P. S., Singh, H., Sharma, S. K., & Rath, S. S. (2017). In

vitro assessment of the acaricidal activity of Piper longum, Piper nigrum,

and Zingiber officinale extracts against Hyalomma anatolicum ticks.

Experimental and Applied Acarology, 71(3), 303–317.
Singh, S. K., Bimal, S., Narayan, S., Jee, C., Bimal, D., Das, P., & Bimal, R.

(2011). Leishmania donovani: Assessment of leishmanicidal effects of

herbal extracts obtained from plants in the visceral leishmaniasis

endemic area of Bihar, India. Experimental Parasitology, 127(2),

552–558.
Singh, T. U., Kumar, D., Gupta, P. K., & Tandan, S. K. (2007). Inhibitory

effects of alcoholic extracts of Allium sativum and Piper longum on

gross visual motility and glucose uptake of Fasciola gigantica and

Gigantocotyle explanatum. Journal of Veterinary Parasitology, 21(2),

121–124.
Singh, T. U., Kumar, D., & Tandan, S. K. (2008). Paralytic effect of alco-

holic extract of Allium sativum and Piper longum on liver amphistome,

Gigantocotyle explanatum. Indian Journal of Pharmacology, 40(2),

64–68.
Singh, T. U., Kumar, D., Tandan, S. K., & Mishra, S. K. (2009). Inhibitory

effect of essential oils of Allium sativum and Piper longum on spontane-

ous muscular activity of liver fluke, Fasciola gigantica. Experimental Par-

asitology, 123(4), 302–308.
Singh, T. U., Kumar, D., Tandon, S. K., & Mishra, S. K. (2010). Inhibitory

effects of essential oil of Allium sativum and Piper longum on gross

visual motility and glucose uptake of Fasciola gigantica and Gigantoco-

tyle explanatum. Journal of Veterinary Parasitology, 24(1), 45–49.
Sivarajan, V. V., & Balachandran, I. (1994). Ayurvedic drugs and their plant

sources. New Delhi, India: Oxford and IBH publishing.

Solowey, E., Lichtenstein, M., Sallon, S., Paavilainen, H., Solowey, E., &

Lorberboum-Galski, H. (2014). Evaluating medicinal plants for antican-

cer activity. The Scientific World Journal, 2014, 1–12.
Sosa-Ortiz, A. L., Acosta-Castillo, I., & Prince, M. J. (2012). Epidemiology of

dementias and Alzheimer's disease. Archives of Medical Research, 43(8),

600–608.

50 BISWAS ET AL.



Srikanth, I., & Venkatesh, G. (2012). Effect of Piper longum on urinary

metabolites and its correlation with nootropic activity in rat models.

Research & Reviews: Journal of Medical Science and Technology, 1(1).

Srinivasa Reddy, P., Jamil, K., Madhusudhan, P., Anjani, G., & Das, B.

(2001). Antibacterial activity of isolates from Piper longum and Taxus

baccata. Pharmaceutical Biology, 39(3), 236–238.
Subramanian, U., Poongavanam, S., & Vanisree, A. J. (2010). Studies on the

neuroprotective role of Piper longum in C6 glioma induced rats. Investi-

gational New Drugs, 28(5), 615–623.
Sukumaran, S., Sujin, R. M., Geetha, V. S., & Jeeva, S. (2021). Ethnobotani-

cal study of medicinal plants used by the Kani tribes of Pechiparai

Hills, Western Ghats, India. Acta Ecologica Sinica, 41(5), 365–376.
Sunila, E. S., & Kuttan, G. (2004). Immunomodulatory and antitumor activ-

ity of Piper longum Linn. and piperine. Journal of Ethnopharmacology,

90(2–3), 339–346.
Sunila, E. S., & Kuttan, G. (2005). Protective effect of Piper longum fruit

ethanolic extract on radiation induced damages in mice: A preliminary

study. Fitoterapia, 76(7–8), 649–655.
Sunila, E. S., & Kuttan, G. (2006). Piper longum inhibits VEGF and proin-

flammatory cytokines and tumor-induced angiogenesis in C57BL/6

mice. International Immunopharmacology, 6(5), 733–741.
Tewtrakul, S., Hase, K., Kadota, S., Namba, T., Komatsu, K., & Tanaka, K.

(2000). Fruit oil composition of piper chaba hunt., P. longum L. and

P. nigrum L. Journal of Essential Oil Research, 12(5), 603–608.
Thakuria, B., Laskar, S., & Adhikari, S. (2020). A bioinformatics-based inves-

tigation to screen and analyze the bioactivity of Piper longum Linn.

Compounds as a ground-breaking hostile to antidiabetic activity. Phar-

macognosy Magazine, 16(68), 199.

Thomas, M., Sujatha, K., & George, S. (2009). Protective effect of Piper

longum Linn. On monosodium glutamate induced oxidative stress in

rats. Indian Journal of Experimental Biology, 47, 186–192.
Tripathi, D. M., Gupta, N., Lakshmi, V., Saxena, K. C., & Agrawal, A. K.

(1999). Antigiardial and immunostimulatory effect of Piper longum on

giardiasis due to Giardia lamblia. Phytotherapy Research, 13(7),

561–565.
Unger, R. H., & Foster, D. W. (1998). Complications of diabetes. In Williams

textbook of endocrinology (9th ed., pp. 1013–1059). Philadelphia, PA:
WB Saunders company.

United States of Pharmacopeal convention. (1830). The Pharmacopoeia of

the United States of America Vol. I. Rockville, MD: United States Phar-

macopeial Convention, Inc.

Uprety, Y., Poudel, R. C., Asselin, H., & Boon, E. (2011). Plant biodiversity

and ethnobotany inside the projected impact area of the upper Seti

hydropower project, Western Nepal. Environment, Development and

Sustainability, 13(3), 463–492.
Urolagin, D. K., & Jayakumari, S. (2018). In vitro anti-cancer study of Vitis

Viniferae, Ixora Coccinea and piper Longum Ethanolic extracts on human

breast carcinoma cells. Research Journal of Pharmacy and Technology,

11(12), 5345–5347.
Uttara, B., Singh, A. V., Zamboni, P., & Mahajan, R. T. (2009). Oxidative

stress and neurodegenerative diseases: A review of upstream and

downstream antioxidant therapeutic options. Current Neuropharmacol-

ogy, 7(1), 65–74.
Vaghasiya, Y., Nair, R., & Chanda, S. (2007). Investigation of some piper

species for anti—Bacterial and anti—Inflammatory property. Interna-

tional Journal of Pharmacology, 3(5), 400–405.
Varughese, T., Unnikrishnan, P. K., Deepak, M., Balachandran, I., & Rema

Shree, A. B. (2016). Chemical composition of the essential oils from

stem, root, fruit and leaf of Piper longum Linn. Journal of Essential Oil-

Bearing Plants, 19(1), 52–58.
Vedhanayaki, G., Shastri, G., & Kuruvilla, A. (2003). Analgesic activity of

Piper longum Linn. root. Indian Journal of Experimental Biology, 41,

649–651.
Venkaiah, M., Rao, J. P., & Prameela, R. (2020). Biodiversity of medicinal

plants in the eastern Ghats of northern Andhra Pradesh, India. In

Medicinal plants: Biodiversity, sustainable utilization and conservation

(pp. 3–20). Singapore: Springer.
Vijayagiri, R. C., & Mamidala, E. (2012). Ethnobotanical investigations

among traditional healers in Warangal district of Andhra Pradesh,

India. Pharmacognosy Journal, 4(34), 13–17.
Vijayarani, K. R., Govindarajulu, M., Ramesh, S., Alturki, M., Majrashi, M.,

Fujihashi, A., … Babu, R. J. (2020). Enhanced bioavailability of Boswel-

lic acid by Piper longum: A computational and pharmacokinetic study.

Frontiers in Pharmacology, 11, 551911.

Wakade, A. S., Shah, A. S., Kulkarni, M. P., & Juvekar, A. R. (2008). Protec-

tive effect of Piper longum L. on oxidative stress induced injury and cel-

lular abnormality in adriamycin induced cardiotoxicity in rats. Indian

Journal of Experimental Biology, 46(7), 528–533.
Walsh, J. A. (1986). Problems in recognition and diagnosis of amebiasis:

Estimation of the global magnitude of morbidity and mortality. Reviews

of Infectious Diseases, 8(2), 228–238.
Wang, B., Zhang, Y., Huang, J., Dong, L., Li, T., & Fu, X. (2017). Anti-

inflammatory activity and chemical composition of dichloromethane

extract from Piper nigrum and P. longum on permanent focal cerebral

ischemia injury in rats. Revista Brasileira de Farmacognosia, 27(3),

369–374.
Wang, H., Liu, J., Gao, G., Wu, X., Wang, X., & Yang, H. (2016). Protection

effect of piperine and piperlonguminine from Piper longum L. alkaloids

against rotenone-induced neuronal injury. Brain Research, 1639,

214–227.
Wang, Z.-Y., Liu, J., Zhu, Z., Su, C.-F., Sreenivasmurthy, S. G., Iyaswamy, A.,

… Li, M. (2021). Traditional Chinese medicine compounds regulate

autophagy for treating neurodegenerative disease: A mechanism

review. Biomedicine & Pharmacotherapy, 133, 110968.

Wangpan, T., Chetry, L. B., Tsering, J., Tapi, T., & Tangjang, S. (2016). Anti-

malarial plants of Jonai, India: An ethnobotanical approach. Notulae

Scientia Biologicae, 8(1), 27–32.
Wanjari, A. S., Pathak, S. S., Rajput, D., Wanjari, D. S., Jadhao, S., &

Gokarn, R. (2020). Effect of Piper longum Linn on the oral bioavailabil-

ity of phenytoin. International Journal of Botany Studies, 5(6), 119–122.
Wiart, C. (2012). Lead compounds from medicinal plants for the treatment of

cancer (1st ed.). US America: Academic Press.

Xu, R., Chen, X., Wang, X., Yu, L., Zhao, W., Ba, Y., & Wu, X. (2019). Devel-

opment and validation of an ultra-high performance supercritical fluid

chromatography-photodiode array detection-mass spectrometry

method for the simultaneous determination of 12 compounds in Piper

longum L. Food Chemistry, 298, 125067.

Yadav, R., Saini, H., Kumar, D., Pasi, S., & Agrawal, V. (2019). Bioengineer-

ing of Piper Longum L. extract mediated silver nanoparticles and their

potential biomedical applications. Materials Science and Engineering: C,

104, 109984.

Yadav, V., Chatterjee, S. S., Majeed, M., & Kumar, V. (2015). Long lasting

preventive effects of piperlongumine and a Piper longum extract

against stress triggered pathologies in mice. Journal of Intercultural Eth-

nopharmacology, 4(4), 277–283.
Yadav, V., Chatterjee, S. S., Majeed, M., & Kumar, V. (2016). Preventive

potentials of piperlongumine and a Piper longum extract against stress

responses and pain. Journal of Traditional and Complementary Medicine,

6(4), 413–423.
Yang, J., Su, Y., Luo, J. F., Gu, W., Niu, H. M., Li, Y., … Long, C.-L. (2013).

New amide alkaloids from Piper longum fruits. Natural Products and

Bioprospecting, 3(6), 277–281.
Yang, Y. C., Lee, S. G., Lee, H. K., Kim, M. K., Lee, S. H., & Lee, H. S. (2002).

A piperidine amide extracted from Piper longum L. fruit shows activity

against Aedes aegypti mosquito larvae. Journal of Agricultural and Food

Chemistry, 50(13), 3765–3767.
Yende, S. R., Sannapuri, V. D., Vyawahare, N. S., & Harle, U. N. (2010).

Antirheumatoid activity of aqueous extract of Piper longum on freunds

adjuvant-induced arthritis in rats. International Journal of Pharmaceuti-

cal Sciences and Research, 1(9), 129–133.

BISWAS ET AL. 51



Yeotkar, U. S., Nimbhorkar, M., Deshmukh, T. A., & Patil, V. R.

(2010). Quantitative estimation of Piperine in Ayurvedic formula-

tions by HPTLC. Asian Journal of Research in Chemistry, 3(4),

898–902.
Zaveri, M., Khandhar, A., Patel, S., & Patel, A. (2010). Chemistry and phar-

macology of Piper longum L. International Journal of Pharmaceutical Sci-

ences Review and Research, 5(1), 67–76.
Zheng, L., Wang, H., Ba, Y.-Y., Liu, H.-L., Wang, M., Guo, W.-W., …

Yang, H. (2014). Protective effect of alkaloids from Piper longum in rat

dopaminergic neuron injury of 6-OHDA-induced Parkinson's disease.

Zhongguo Zhong yao za zhi = Zhongguo zhongyao zazhi = China Journal

of Chinese Materia Medica, 39(9), 1660–1665.

How to cite this article: Biswas, P., Ghorai, M., Mishra, T.,

Gopalakrishnan, A. V., Roy, D., Mane, A. B., Mundhra, A., Das,

N., Mohture, V. M., Patil, M. T., Rahman, M. H., Jha, N. K.,

Batiha, G. E.-S., Saha, S. C., Shekhawat, M. S., Radha, Kumar,

M., Pandey, D. K., & Dey, A. (2022). Piper longum L.: A

comprehensive review on traditional uses, phytochemistry,

pharmacology, and health-promoting activities. Phytotherapy

Research, 1–52. https://doi.org/10.1002/ptr.7649

52 BISWAS ET AL.

View publication stats

https://doi.org/10.1002/ptr.7649
https://www.researchgate.net/publication/364375915


See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/370867068

Approaches for in vitro propagation and production of plumbagin in

Plumbago spp

Article  in  Applied Microbiology and Biotechnology · May 2023

DOI: 10.1007/s00253-023-12511-6

CITATIONS

2
READS

238

8 authors, including:

Devendra Kumar Pandey

Lovely Professional University

192 PUBLICATIONS   2,379 CITATIONS   

SEE PROFILE

Kajal Katoch

Indian Institute of Integrative Medicine

7 PUBLICATIONS   26 CITATIONS   

SEE PROFILE

Abhijit Bhagwan Mane

Dr. Patangrao Kadam Mahavidyalaya Ramanandnagar (Burli)

18 PUBLICATIONS   100 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Abhijit Bhagwan Mane on 16 August 2023.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/370867068_Approaches_for_in_vitro_propagation_and_production_of_plumbagin_in_Plumbago_spp?enrichId=rgreq-0faa4da1555adcbb045d25e7e2034c9a-XXX&enrichSource=Y292ZXJQYWdlOzM3MDg2NzA2ODtBUzoxMTQzMTI4MTE4MTg1ODQ5MUAxNjkyMTk3NDQyOTQ2&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/370867068_Approaches_for_in_vitro_propagation_and_production_of_plumbagin_in_Plumbago_spp?enrichId=rgreq-0faa4da1555adcbb045d25e7e2034c9a-XXX&enrichSource=Y292ZXJQYWdlOzM3MDg2NzA2ODtBUzoxMTQzMTI4MTE4MTg1ODQ5MUAxNjkyMTk3NDQyOTQ2&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-0faa4da1555adcbb045d25e7e2034c9a-XXX&enrichSource=Y292ZXJQYWdlOzM3MDg2NzA2ODtBUzoxMTQzMTI4MTE4MTg1ODQ5MUAxNjkyMTk3NDQyOTQ2&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Devendra-Pandey-9?enrichId=rgreq-0faa4da1555adcbb045d25e7e2034c9a-XXX&enrichSource=Y292ZXJQYWdlOzM3MDg2NzA2ODtBUzoxMTQzMTI4MTE4MTg1ODQ5MUAxNjkyMTk3NDQyOTQ2&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Devendra-Pandey-9?enrichId=rgreq-0faa4da1555adcbb045d25e7e2034c9a-XXX&enrichSource=Y292ZXJQYWdlOzM3MDg2NzA2ODtBUzoxMTQzMTI4MTE4MTg1ODQ5MUAxNjkyMTk3NDQyOTQ2&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Lovely-Professional-University?enrichId=rgreq-0faa4da1555adcbb045d25e7e2034c9a-XXX&enrichSource=Y292ZXJQYWdlOzM3MDg2NzA2ODtBUzoxMTQzMTI4MTE4MTg1ODQ5MUAxNjkyMTk3NDQyOTQ2&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Devendra-Pandey-9?enrichId=rgreq-0faa4da1555adcbb045d25e7e2034c9a-XXX&enrichSource=Y292ZXJQYWdlOzM3MDg2NzA2ODtBUzoxMTQzMTI4MTE4MTg1ODQ5MUAxNjkyMTk3NDQyOTQ2&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Kajal-Katoch?enrichId=rgreq-0faa4da1555adcbb045d25e7e2034c9a-XXX&enrichSource=Y292ZXJQYWdlOzM3MDg2NzA2ODtBUzoxMTQzMTI4MTE4MTg1ODQ5MUAxNjkyMTk3NDQyOTQ2&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Kajal-Katoch?enrichId=rgreq-0faa4da1555adcbb045d25e7e2034c9a-XXX&enrichSource=Y292ZXJQYWdlOzM3MDg2NzA2ODtBUzoxMTQzMTI4MTE4MTg1ODQ5MUAxNjkyMTk3NDQyOTQ2&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Indian_Institute_of_Integrative_Medicine?enrichId=rgreq-0faa4da1555adcbb045d25e7e2034c9a-XXX&enrichSource=Y292ZXJQYWdlOzM3MDg2NzA2ODtBUzoxMTQzMTI4MTE4MTg1ODQ5MUAxNjkyMTk3NDQyOTQ2&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Kajal-Katoch?enrichId=rgreq-0faa4da1555adcbb045d25e7e2034c9a-XXX&enrichSource=Y292ZXJQYWdlOzM3MDg2NzA2ODtBUzoxMTQzMTI4MTE4MTg1ODQ5MUAxNjkyMTk3NDQyOTQ2&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Abhijit-Mane?enrichId=rgreq-0faa4da1555adcbb045d25e7e2034c9a-XXX&enrichSource=Y292ZXJQYWdlOzM3MDg2NzA2ODtBUzoxMTQzMTI4MTE4MTg1ODQ5MUAxNjkyMTk3NDQyOTQ2&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Abhijit-Mane?enrichId=rgreq-0faa4da1555adcbb045d25e7e2034c9a-XXX&enrichSource=Y292ZXJQYWdlOzM3MDg2NzA2ODtBUzoxMTQzMTI4MTE4MTg1ODQ5MUAxNjkyMTk3NDQyOTQ2&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Abhijit-Mane?enrichId=rgreq-0faa4da1555adcbb045d25e7e2034c9a-XXX&enrichSource=Y292ZXJQYWdlOzM3MDg2NzA2ODtBUzoxMTQzMTI4MTE4MTg1ODQ5MUAxNjkyMTk3NDQyOTQ2&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Abhijit-Mane?enrichId=rgreq-0faa4da1555adcbb045d25e7e2034c9a-XXX&enrichSource=Y292ZXJQYWdlOzM3MDg2NzA2ODtBUzoxMTQzMTI4MTE4MTg1ODQ5MUAxNjkyMTk3NDQyOTQ2&el=1_x_10&_esc=publicationCoverPdf


Vol.:(0123456789)1 3

Applied Microbiology and Biotechnology (2023) 107:4119–4132 
https://doi.org/10.1007/s00253-023-12511-6

MINI-REVIEW

Approaches for in vitro propagation and production of plumbagin 
in Plumbago spp.

Devendra Kumar Pandey1   · Kajal Katoch1 · Tuyelee Das2 · Madhumita Majumder3 · Kuldeep Dhama4 · 
Abhijit Bhagwan Mane5 · Abilash Valsala Gopalakrishnan6 · Abhijit Dey2

Received: 10 December 2022 / Revised: 29 March 2023 / Accepted: 31 March 2023 / Published online: 18 May 2023 
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2023

Abstract 
The genus Plumbago (family Plumbaginaceae), commonly known as leadwort, is a sub-tropical shrub that produces second-
ary metabolite plumbagin, which is employed by pharmaceutical companies and in clinical research. Plumbagin is a potent 
pharmaceutical because of its anti-microbial, anti-malarial, antifungal, anti-inflammatory, anti-carcinogenic, anti-fertility, 
anti-plasmodium, antioxidant, anti-diabetic, and other effects. This review documents the biotechnological innovations used 
to produce plumbagin. The use of modern biotechnological techniques can lead to a variety of benefits, including better 
yield, increased extraction efficiency, mass production of plantlets, genetic stability, increased biomass, and more. Large-
scale in vitro propagation is necessary to minimize over-exploitation of the natural population and allow the use of various 
biotechnological techniques to improve the plant species and secondary metabolite production. During in vitro culture, 
optimum conditions are requisites for explant inoculation and plant regeneration. In this review, we provide information 
on various aspects of plumbagin, depicting its structure, biosynthesis, and biotechnological aspects (both conventional and 
advanced) along with the future prospects.

Key Points 
• Critical assessment on in vitro biotechnology in Plumbago species
• In vitro propagation of Plumbago and elicitation of plumbagin
• Biosynthesis and sustainable production of plumbagin

Keywords  Plumbagin · Plumbago · Micropropagation · Elicitation · In vitro propagation

Introduction

The World Health Organization estimates that over 80% 
of the world’s population living in developing coun-
tries rely heavily on plant-based medicines (WHO 2022, 
https://​www.​who.​int/​news/​item/​25-​03-​2022-​who-​estab​

lishes-​the-​global-​centre-​for-​tradi​tional-​medic​ine-​in-​india). 
Secondary metabolites are primarily produced by plants’ 
defense mechanisms in response to pathogen attacks (Erb and 
Kliebenstein 2020). Plants that produce secondary metabo-
lites are employed in pharmaceutical preparations (Seca and 
Pinto 2018). The functional genomics and genes linked with 
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plant secondary metabolism are poorly understood. Plants are 
assumed to function as chemical factories, producing a wide 
range of structurally diverse bioactive secondary metabolites. 
Isolating bioactive compounds from whole plants places a 
strain on natural germplasm. Furthermore, manmade activities 
and natural calamities are all contributing to the deterioration 
of the earth’s flora. The list of endangered medicinal plant 
species is increasing. So, researchers have developed alternate 
approaches for conserving medicinal plants in the wild, such 
as controlled cultivation, in vitro growth, plant tissue culture, 
ex situ and in situ conservation tactics, encapsulation tech-
niques, and genetic libraries. Napthoquinones are naturally 
occurring phenolic compounds that are found in plants as well 
as some bacteria, fungi, actinomycetes, and lichens.

Plumbagin (5-hydroxy-2-methyl-1, 4-napthoquinone) is the 
most common napthoquinone, named after the Plumbago genus 
from which it was isolated (van der Vijver 1972). The Indian 
subcontinent uses roughly 7 metric tonnes of plumbagin every 
year (Gangopadhyay et al. 2011a, b; Patel et al. 2022). The roots 
of Plumbago spp. have high demand on both the domestic and 
foreign markets (Muche et al. 2022). Plumbaginaceae is a fam-
ily of flowering plants that includes 10–20 species of Plumbago 
spp. (Ye et al. 2022). It is native to warm temperate and tropical 
climate zones around the world (Priyanjani et al. 2021). In addi-
tion to herbal extract blends, the roots of Plumbago are active 
constituents in over 30 ayurvedic preparations (Choudhary et al. 
2021; Al-Harrasi et al. 2023). The roots are used in Ayurveda 
formulations such as Chitrakasavam, Chitrakachurnam, Dasam-
ularistam, Gulgulutiktakam, Yogarajachurnam Kumaryasawaya, 
Pippalyasawaya, Mahamasha massage oil, Hinguvachadi, Indu-
kanta, Trimada, and Yogaraja guggulu only after being puri-
fied/cured to reduce toxicity, and several traditional purification 
processes have been described (Akhilraj and Rukmini 2021; Kar 
et al. 2021; Shukla et al. 2021; Al-Harrasi et al. 2023).

Pharmaceutical companies exploit Plumbago extensively 
and unrestrained to satisfy their ongoing needs, resulting in a 
significant population decline in the wild. The natural population 
of Plumbago through seed is possible, but it is ineffective due 
to the low germination percentage required to meet the demand 
for propagating the high plumbagin-containing population. 
Furthermore, unrestricted destructive harvesting of Plumbago 
from wild populations causes this plant to become extinct before 
seed set (Sharma and Thakur 2020; https://​www.​iucnr​edlist.​org/​
search/​list?​query=​plumb​ago&​searc​hType=​speci​es). The above-
mentioned constraint can be overcome by in vitro culturing of 
Plumbago species, which allows for the application of various 
biotechnological approaches to overcome production and har-
vesting issues. Micro-propagation of beneficial plant species 
efficiently yields plant material in a short period of time, allow-
ing bioactive assays and pharmacological research.

In vitro propagation allows for a continual supply 
of secondary metabolites despite the slow growth of 
Plumbago species and the time necessary to extract 

plumbagin (Beigmohamadi et  al. 2021). Plumbagin 
accumulates in plant cells in response to biotic and abi-
otic stressors (Jaisi and Panichayupakaranant 2020). 
Elicitor concentrations, exposure times, and age or stage 
of the culture at the time of elicitor treatment all have a 
significant impact on the successful creation of biomass 
and the accumulation of plumbagin (Komaraiah et al. 
2002). In vitro techniques like micropropagation are 
increasingly being used to conserve agricultural genetic 
resources, particularly for crops that are vegetatively 
propagated, have difficult-to-germinate seeds, or can-
not be kept in a typical horticulture. Many agricultural, 
horticultural, and medicinal plants, as well as significant 
crops, have been propagated in vitro (Madzikane et al. 
2022). This mini-review aims to provide an up-to-date 
overview of various aspects of in vitro propagation and 
plumbagin production in various Plumbago species, 
with notes on its occurrence, biosynthesis, endophytes 
mediated production of plumbagin, micropropagation, 
organogenesis, Agrobacterium-mediated transformation, 
precursor feeding, and genetic diversity assessment.

Natural occurrence of plumbagin

Plumbagin was isolated for the first time in 1829. Plum-
bagin is a napthoquinone found in several plant families, 
including the Balsaminaceae, Droseraceae, Euphorbi-
aceae, Nepenthacea, and Plumbaginaceae (Rahman-Soad 
et al. 2021; Christensen 2018). The shoot apex was found to 
have the highest plumbagin content, and the petiole had the 
lowest. Roots of Plumbago rosea L. reportedly contain the 
highest amount of plumbagin followed by the leaves of P. 
auriculate and the stem of Plumbago zeylanica L. (Usmani 
et al. 2020). In addition to Plumbago indica L., Plumbago 
auriculata Lam., Plumbago europaea L., Plumbago pul-
chella Boiss., and P. zeylanica, there are several more spe-
cies of the plant. P. europaea, P. rosea, and P. zeylanica 
roots are now the most widely used source of plumbagin. P. 
rosea roots are the highest, followed by that of P. auriculate 
leaves and P. zeylanica stems. The roots of P. rosea collect 
the most plumbagin, although the leaf and stem sections of 
P. auriculata and P. zeylanica produce the highest quanti-
ties (Mallavadhani et al. 2002). Figures 1 and 2 show the 
distribution and various species of the Plumbago genus, 
respectively.

Structure and biosynthesis of plumbagin

Structure

Plumbagin (C11H8O3) (5-hydroxy-2-methyl-3,4-naphthoqui-
none) (Fig. 2e) is a yellow pigment which is highly soluble 
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in alcohol, acetone, chloroform, benzene, and acetic acid 
and slightly soluble in hot water (Babula et al. 2009). Plum-
bagin can be toxic to normal body cells when administered 
in a higher dose (Sumsakul et al. 2016). In order to avoid 

toxicity, a metal complex [Cu(PLN)(PHEN)]NO3 was for-
mulated which was found to intercalate and cleave DNA 
effectively (Padumadasa et al. 2016).

Biosynthesis of plumbagin

The plumbagin is synthesized via the acetate and polym-
alonate pathways (Fig. 3) (Muralidharan et al. 2020). There 
are numerous unidentified intermediate stages that lead to 
Plumbago synthesis (Muralidharan et al. 2020). Acetate 
feeding experiments with precursors being integrated into 
plumbagin on young shoots of P. europaea L. were con-
ducted to show how the plumbagin biosynthetic process 
works. To determine if the plumbagin was tagged or not, 
it was chemically broken down. According to the findings, 
plumbagin is synthesized through the polyacetate-malonate 
route, and type III polyketide synthase is responsible for six 

Fig. 1   Worldwide distribution of Plumbago (source: https://​www.​
gbif.​org/​speci​es/​30822​81)

Fig. 2   Different species 
of Plumbago. a Plumbago 
zeylanica (source: Wikimedia 
commons; Creative Com-
mons Attribution-Share Alike 
3.0). b Plumbago indica 
(source: Wikimedia commons; 
Creative Commons Attribution 
4.0). c Plumbago europaea 
(source: Wikimedia commons; 
Public domain). d Plumbago 
auriculata (source: Wikimedia 
commons; Creative Com-
mons Attribution-Share Alike 
4.0). e Chemical structure of 
plumbagin (source: http://​www.​
chems​pider.​com/). f Plum-
bago auriculata seeds (source: 
Wikimedia commons; Creative 
Commons Attribution-Share 
Alike 4.0)

a b c

fed

Fig. 3   The acetate-polym-
alonate pathway. PKR polyke-
tide reductase

5 Malonyl-CoA

Acetyl-CoA

postulated intermidate naphthalene 
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condensations of malonyl-CoA that lead to the formation 
of the basic molecule (Springob et al. 2007). It is known 
that the plumbagin biosynthetic pathway contains pol-
yketide synthase (PKS). So far, only polyketide synthase 
(PKS) from the plumbagin biosynthetic pathway has been 
identified and studied. This polyketide synthase, a member 
of the hexaketide synthase family, generates hexaketide 
intermediate structures from acetyl- and malonyl-CoA. The 
acetate-polymalonate process uses one acetyl-CoA and five 
malonyl-CoA molecules to form the naphthoquinone skel-
eton of plumbagin. The first committed step in the forma-
tion of plumbagin is catalyzed by the type III PKS enzyme 
through the repeated condensation of acetate and polym-
alonate. (Jadhav et al. 2014). Cytochrome P450s (CYPs) 
catalyze the hydroxylation, oxidation, hydration, and dehy-
dration steps that intermediate molecules go through as part 
of the production of plumbagin. The enzymes responsible 
for catalyzing the uncharacterized events in the route of 
plumbagin biosynthesis are currently unknown. Transcrip-
tome and metabolomic profiling of plumbagin by Vasav 
et al. (2020) suggests that the Aldo-ketoreductase, Cyclase, 
PzCYP81B140, and PzCYP81B141 from cyto-chrome P450 
family could be the potential candidate genes involved in 
the plumbagin biosynthesis (Vasav et al. 2020). Plumbagin 
is formed via the hydroxylation and oxidation of 3-methyl-
1,8-naphthalene-diol and isoshinanolone catalyzed by 
CYP81B140 and CYP81B141 (Vasav et al. 2022). Isoshi-
nanolone and 3-methyl-1–8 naphthalene diol may be plum-
bagin’s likely antecedents. According to one research, the 

enzyme naphthoate synthase is responsible for catalyzing 
the cyclization of O-malonyl benzoyl CoA in order to cre-
ate an intermediate that is then processed by thioesterase to 
produce plumbagin. Using research on quantum mechanics, 
two potential structures for this intermediate were proposed 
(Muralidharan et al. 2020). The diagrammatic biosynthetic 
route for plumbagin is shown in Fig. 4.

In vitro propagation and plumbagin 
production in various Plumbago species

Plumbagin content was found to vary depending on the plant 
species and plant part from which it was isolated. Since the 
root-specific accumulation of plumbagin was noted in P. rosea 
(Sharma and Agrawal 2018) and P. zeylanica, in vitro root cul-
ture may serve as an exciting option as an alternate source of 
plumbagin production. Plants propagated by tissue technique are 
more cost-effective (Cardoso et al. 2019). The plant is preferably 
propagated by vegetative techniques. Hence, in vitro propaga-
tion has been proved to be an effective tool as it recruits the 
vegetative mode of reproduction. In vitro cultures enable the 
mass production of plants and also aid to the conservation of 
many endangered and other economically important plants. Due 
to the declining number of wild populations of Plumbago spe-
cies, the development of alternative techniques to conserve the 
plant as well as to produce plumbagin sustainably is absolutely 
necessary. P. europaea seed propagation is difficult due to poor 
seed quality, low germination rate, and low seedling survival 

Fig. 4   Biosynthetic pathway of 
plumbagin through L-alanine 
(Jaisi and Panichayupakaranant 
2016)
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in natural field conditions. Plumbago species leaf, shoot tips, 
axillary buds, and internode are commonly utilized as explants 
in tissue culture methods (Beigmohamadi et al. 2021; Katoch 
et al. 2022). Through micropropagation, a single explant can 
produce many plantlets quickly and without getting affected 
by the environmental changes. P. europaea callus and cell sus-
pension cultures were tested, and plumbagin was successfully 
produced using callus cultures and cell suspension cultures 
supplemented with 2,4-dichlorophenoxyacetic acid (2, 4-D) 
(1 mg l−1) and Kin (0.5 mg l−1). A dark-incubated culture con-
tained more plumbagin than a photoperiod-incubated culture 
(Beigmohamadi et al. 2019). In vitro rooting of P. zeylanica was 
induced by 0.25 mg dm−3 indole-3-butyric acid on ½ basal MS 
medium (Saxena et al. 2000). Figures 5a, b, and c represent P. 
zeylanica growing in vitro, whereas Figs. 5d and e show HPTLC 
chromatograms and overlay spectra of several P. zeylanica sam-
ples, respectively, and Fig. 5f displays bands for plumbagin on 
a TLC plate.

Role of endophytes for the production 
of plumbagin

Plant microbiomes are dominated by endophytic fungi. Their 
symbiotic relationships with medicinal plants enable them 
to synthesize secondary metabolites in vivo. In the roots of 

P. zeylanica, Andhale et al. (2009) found three fungal endo-
phytes (Rhizopus sp., Aspergillus phoenicis, and Alternaria 
sp.). These fungal endophytes increased plumbagin con-
tent substantially, with Alternaria sp. showing the greatest 
increase (122.67%) in the roots of P. zeylanica compared to 
control (Andhale et al. 2009). In spite of the fact that there 
are several ways available for improving plant secondary 
metabolites, microorganisms seem to be the most practical 
approach. According to Maggini et al. (2017), endophytes 
effectively increase the levels of secondary metabolites 
among microbes.

Conventional methods for propagation 
of Plumbago species

Conventional methods include general or basic methods 
used to propagate or produce plants, such as callus cultur-
ing, organogenesis (direct and indirect), embryogenesis 
(zygotic and somatic), and organ culture (Efferth 2019). 
Several in vitro research have demonstrated that in vitro 
grown plants/cultures accumulate more plumbagin than their 
in vivo counterparts. In a study conducted by Satheeshkumar 
and Seeni (2002), it was found that cell suspension culture 
produces plumbagin more efficiently than callus culture. 
For ex situ conservation and easy dissemination, polybags 

a b c

fed

Fig. 5   a In vitro root multiplication. b, c In vitro shoot multiplication. d HPTLC chromatogram of different samples of Plumbago zeylanica. e 
Overlay of samples with standard plumbagin. f TLC plate showing bands for plumbagin
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filled with soil, sand, and manure were used to multiply P. 
zeylanica (Patel 2015).

Micropropagation studies on Plumbago 
species

Nitsch and Nitsch conducted the first tissue culture 
studies on P. rosea in 1967 using internodal explants to 
induce callus, roots, shoots, and inflorescence/flower. 
In the same year, Nitsch and Nitsch (1967) induced 
shoot buds from internodal segments with a combina-
tion of adenine with various cytokinins, which was later 
substantiated by Handique and Chetia (2000). Das and 
Rout (2002) developed a methodology for regenerating 
plants using aseptic leaf explants generated in  vitro. 
Satheeshkumar and Seeni (2002) reported on indirect 
organogenesis-based in  vitro plant regeneration and 
how it affected field crop performance and early tuber-
ous root harvest. Gopalakrishnan et al. (2009) developed 
micro shoots on leaf explants from Plumbago plants that 
had been cultivated in the field. Jose and Satheeshkumar 
(2010) developed a high-frequency regeneration strategy 
for plants from the tuberous roots of the field-grown P. 
rosea. Additionally, reports on plant regeneration using 
somatic embryogenesis and leaf explants without callus 
are available (Borpuzari and Borthakur 2016). The shoot 
organogenesis of P. europaea was studied in connection 
to explant type and plant growth regulators. Beigmoham-
adi et al. (2021) reported that MS media with 0.5 mg/l 
TDZ (11.62 shoots per node) was the best medium for 
proliferating nodal explants.

Indirect organogenesis or callus culture

In-direct organogenesis is the development of callus prior 
to the formation of shoots or roots, and the organs can be 
regenerated from the callus by supplying the optimum con-
centration of plant growth regulators. Lubaina and Murugan 
(2012) investigated the effect of growth regulators on the 
growth and plumbagin content of P. zeylanica. Surface steri-
lized leaf and stem explants were inoculated in MS media 
with 3% sucrose gelled and 0.8% agar. The cultures were 
incubated for 16 h under 3000 lx of white light, followed by 
8 h of darkness, at room temperature (25–27 °C). A Com-
bination of 2,4-D (1 mg/l) and BA (0.5 mg/l) was found to 
be best suited for callus induction, whereas for shoot regen-
eration, media supplemented with BA (1 mg/l) produced 
the highest number of shoots. The amount of plumbagin 
produced in vitro has also been found to be higher than the 
amount produced by plants grown in vivo.

Direct organogenesis

Direct organogenesis, which is the direct regeneration 
of organs from explants, is considered to be an effective 
technique for quickly creating a large number of plant-
lets. Das and Rout (2002) achieved direct shoot induction 
from P. zeylanica and P. rosea leaf explants with a 90% 
survival rate of the generated plantlets. For the best shoot 
proliferation, explants were inoculated in MS media sup-
plemented with 1.5 mg/l BAP, 0.75 mg/l indole-3-butyric 
acid (IBA), 0.75 mg/l adenine sulfate, and 10% coconut milk 
for optimal shoot proliferation. Microshoots were grown 
in half-strength MS media supplemented with 0.75 mg/l 
IBA. The rooting response and survival rate of in vitro-
generated plantlets in the natural environment were both 
determined to be 100%. On MS basal medium containing 
BAP (2.0 mg/l), IAA (1.5 mg/l), and IBA (1.0 mg/l), P. 
zeylanica showed 95% shoot proliferation from the nodal 
explants. Microshoots were grown in MS medium supple-
mented with α-naphthaleneacetic acid (NAA) (1.5 mg/l), 
IAA (1.5 mg/l), and IBA (2.0 mg/l). When transplanted to 
field conditions, the regenerated plantlets survived 100% of 
the time (Kanungo et. al. 2012) (Table 1). However, ¼ MS 
medium without any plant growth regulator was found to 
be optimal for rooting and shooting in Drosera intermedia 
R.Cunn. ex A.Cunn., another known plumbagin-producing 
species (Grevenstuk et al. 2010).

Culture systems for the production 
of plumbagin non‑transformed cultures

Callus culture system designed for the production of plum-
bagin in P. zyelanica was first described by Heble et al. 
(1974). Nitsch and Nitsch (1967) was the first team to induce 
callus tissues from P. rosea flower and intermodal sections. 
Accordingly, several researchers generated callus tissues 
in P. rosea to produce plumbagin (Komaraiah et al. 2001; 
Satheeshkumar and Seeni 2002; Silja et al. 2014). Because 
of their greater ability to grow in submerged cultures, cell 
suspension cultures have a more direct potential for indus-
trial use than organ cultures. From the late 1950s to the early 
1960s, tobacco and other plant cells were scaled up and stud-
ied, sparking greater research into the industrial application 
of plant cell suspension.

Following the development of callus culture, vari-
ous researchers established cell suspension cultures from 
callus tissues in order to produce plumbagin in P. rosea 
(Komaraiah et al. 2001; Satheeshkumar and Seeni 2002). 
Numerous cultural and physical parameters were improved 
to increase plumbagin production. Komaraiah et al. (2003) 
presented their findings on the effect of plant hormones on 
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plumbagin accumulation and the selection of stable cell 
lines.

Plumbagin production in P. rosea embryogenic cell sus-
pension cultures was also shown to be greater than in non-
embryogenic cultures (Komaraiah et al. 2004). Embryogenic 
cell suspension cultures with rapid growth and higher plum-
bagin production were later identified by Silja et al. (2014). 
Several methods for production plumbagin in P. rosea have 
been reported including media component optimization, 
single-cloning of cell lines, elicitation, permeabilization, 
immobilization, in situ product extraction, and cell cultiva-
tion in modified bioreactors, with a 20–25 times increase in 
plumbagin production (Silja et al. 2014).

Satheeshkumar and Seeni (2002) published the first 
report on establishing adventitious root cultures of P. rosea 
for the production of plumbagin. Later, it was reported that 
root cultures could be grown using young leaf segment (Silja 
and Satheeshkumar 2015). Induction and establishment of 
adventitious root cultures from cell aggregates of cell sus-
pension cultures have also been reported (Silja et al. 2016). 
Apart from Plumbago spp, several other species such as 
Drosophyllum, Drosera, and Nepenthes have been utilized 
for the production of plumbagin under in vitro conditions. 
Though, several earlier studies have reported the influence 
of carbon source on the production of secondary metabolite 
compounds. Earlier workers have reported that manipulation 
of the culture environment influences the product accumula-
tion. Exogenous phytohormones were studied for their effect 
on growth and plumbagin accumulation in P. rosea hairy 
root cultures. The significance of gibberellic acid on root 
growth and naphathalene acetic acid on plumbagin yield was 
established (Gangopadhyay et al. 2011a, b). Plant growth 

regulators have also been shown to have an effect on cal-
lus cultures, cell suspension cultures, and adventitious root 
cultures (Silja and Satheeshkumar 2015; Silja et al. 2016).

Contemporary or advanced method

Contemporary methods are advanced experimental approaches 
which involve the use of elicitors (biotic and abiotic), synthetic 
seeds, genetic manipulation, hairy root culture, bioreactors, 
metabolic engineering, use of endophytes, etc. The advent of 
these sophisticated propagation technologies enables growers 
to get preferred plant features. Several plants that produce phar-
maceutically important secondary metabolites possess very little 
phytometabolite yield for commercial or industrial use (Table 2). 
As a result, the disadvantages of traditional in vitro culturing 
include lower productivity, cell line instability, and variance in 
metabolite output. Several biotechnological strategies have been 
used to increase the yield of plumbagin from a variety of plant 
species.

Elicitation  The plant defense system is triggered by a number 
of chemical compounds, microorganisms, and physical stresses. 
This process is known as elicitation, and these compounds or 
factors are called elicitors. Recently, researchers have concen-
trated on implementing elicitors to produce plumbagin. It was 
found that Azospirillum enhanced plumbagin concentration in 
roots (0.027% w/w) in comparison to the control when chemi-
cal fertilizers and natural fertilizers were applied to P. zeylanica 
cultures (Patel et al. 2016). Silja and Satheeshkumar (2015) 
were able to develop adventitious roots of P. rosea that were 
swiftly growing and high yielding by improving the culture 

Table 1   Selective protocols for callus culture of Plumbago species 

Species Explant Culture MS + PGR References

Callus induction Shooting Rooting

P. rosea Stem Callus culture MS + 2.5 mg/l 
2,4-D + 1.5 mg/l 
kinetin + 3% 
sucrose

MS + 2.0 mg/l 
BAP + 1.0 mg/l 
NAA + 3% sucrose

MS + 1.5 mg/l 
IBA + 3% 
sucrose

Kumar and Bhava-
nadan 1988

Leaves Callus culture MS + 1 mg/l 
IAA + 0.5 mg/l 
NAA + 0.3 mg/l 
BAP + 3% sucrose

- - Komaraiah et al. 
2001

P. zeylanica Leaves, stem Callus culture MS basal 
medium + 3% 
sucrose + 11.42 uM 
IAA + 2.22 uM BA 
(better callus from 
leaf explant)

MS basal medium + 3% 
sucrose + 4.44 uM 
BA + 1.42 uM IAA (bet-
ter shoot induction from 
leaf explant)

½ strength 
MS + 0.57 
uM 
IAA + 2% 
sucrose

Rout et al. 1999

Stem Callus MS media + BAP 
(2.0 mg/L) + IAA 
(1.5 mg/L)

- - Sivanesan and Jeong 
2009
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conditions for root induction and growth with the use of dif-
ferent elicitor concentrations (jasmonic acid, yeast extract, and 
sodium salicylate). Over the course of 3 days, 50 µM jasmonic 
acid significantly increased the plumbagin concentration in 
roots to 1.23% DW. Silja et al. (2014) demonstrated in their pre-
liminary investigation the enhancement of plumbagin synthe-
sis by elicitation with jasmonic acid, yeast extract, and various 
auxin combinations in embryogenic cell suspension cultures 
of P. rosea leaf explants. After 6 days of incubation, cultures 
supplemented with 1 mg l−1 naphthalene acetic acid showed a 
5.59-fold increase in plumbagin synthesis. With higher elicitor 
concentrations and longer incubation times, colonies’ viability 
declined. To induce callus in P. zeylanica, Sharma et al. used 
NAA, IBA, 2,4-D, 6-benzyladenine (BA), isopentenyl adenine 
(2iP), or thidiazuron (TDZ) as supplements and yeast extract 
and salicylic acid as elicitors. The maximum number of roots 
observed on 5 µM IBA was 4.3 ± 1.36, and their average length 
was 15.31 ± 2.76 cm. Plumbagin content in root callus was sig-
nificantly increased by using 100 mg l−1 yeast extract (YE) 
and 25 µM salicylic acid (SA) (6.5- and 3.4-fold, respectively) 
(Sharma and Agrawal 2018).

Precursor feeding

Precursors are chemical substances that are employed in 
metabolic reactions to produce other substances. Precur-
sor feeding has long been utilized for a time to increase the 
generation of secondary metabolites. Plumbagin synthesis 
was significantly increased to 22.4 mg g−1 dry weight by 
the in situ adsorption of precursors such L-alanine (5 mM 
to 14 days old root culture (Jaisi and Panichayupakaranant 
2017).

Agrobacterium‑mediated gene 
transformation

Genetic engineering is the process of introducing a foreign 
gene (introduced gene) into a plant cell and causing that 
foreign gene to exhibit specific traits in the reproduced plant, 
thus modifying the original genetic makeup (Table 3). The 
significance of this technique lies in the considerable over-
production of the secondary metabolites (Sweetlove et al. 
2017). Agrobacterium-mediated gene transfer has been 
reported in the literature on in vitro plumbagin production, 
making way for new techniques/experimental setups for sus-
tainable plumbagin production.

The hairy root cultures of transformed plants accumu-
lated more plumbagin than non-transformed roots. A. rizo-
genes was injected into internodes and leaf midribs and 
co-cultivated for 5–6 days in the experimental setup. The 
transformation of the roots was proved by PCR amplifi-
cation via using suitable primers. A4-transformed rhizo-
clone HRA2B5 had the highest plumbagin concentration 
of 2.26 mg/g DW (Nayak et al. 2015). In a recent study, 
A. rhizoigenes-mediated transformation efficiency, co-
cultivation time, and acetosyringone concentration were 
optimized to demonstrate the establishment of P. europaea 
hairy root cultures for the production of plumbagin. To 
achieve the highest transformation rate of 69.3%, a rhizo-
genes MSU440 strain was inoculated into 3-week-old stem 
explants after 7–9 days, followed by a co-cultivation phase 
of 2 days on medium containing acetosyringone (Beigmo-
hamadi et al. 2020). Hairy roots are genetically modified 
roots that grow rapidly, plagiotropically, and are highly 
branched on phytohormone-free medium. P. rosea hairy 
root culture was first established by Gangopadhyay et al. 

Table 2   Direct organogenesis studies in Plumbago species 

Species Explant Culture MS + PGR References

Shooting Rooting

P. rosea Leaves Shoot Shoot induction-MS + 6.66 uM 
BAP + 2.69 uM NAA

Shoot elongation − 1.11 uM 
BAP + 1.44 uM GA3

½ strength MS Gopalakrishnan et al. 2009

Internodes Cell sus-
pension 
culture

- 1.5 mg/l−1 NAA 1.0 mg/l−1 IAA Silja et al. 2016

P. auriculata Leaves, node, 
apical 
shoots

Root MS media
1.5 mg/l IBA
IAA and NAA 1.5 mg/l and 

0.1 mg/l

Deshpande et al. 2015

P. zeylanica Node Bud MS + 3% sucrose + 27.2 uM 
AdSO4 + 2.46 uM IBA

MS + 4.92 uM IBA Selvakumar et al. 2001

Organ 0.44 µM
BAP

Half MS media and 125 mg/l 
activated charcoal

Vijay et al. 2016

Shoot 2.0 mg/l BAP + 0.2 mg/l NAA 1.0 mg/l IBA Chatterjee and Ghosh 2015

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



4127Applied Microbiology and Biotechnology (2023) 107:4119–4132	

1 3

(2008) in the Medicinal Plant Laboratory, Bose Institute, 
Kolkata, India. A. rhizogenes strain (ATCC 15834, A4 and 
LBA 9402) has been used to induce and establish trans-
formed hairy root cultures of P. rosea for the production of 
plumbagin (Gangopadhyay et al. 2010; Pillai et al. 2015). 
As well as optimizing inoculum density in shake flasks 
and airlift bioreactors, Pillai et al. (2015) have attempted 
to enhance plumbagin production as well as root biomass.

Bioreactors scaling up of cultures

A bioreactor is referred to as an airlift bioreactor if the cul-
ture medium is stirred and aerated by the addition of air or 
another gas mixture. Hairy roots induced from P. rosea have 
been scaled up by Pillai et al. (2015) in a 2-l volume airlift 

bioreactor for plumbagin production. The number of reports 
about scaling up root cultures is very low. Pillai et al. (2015) 
scaled up plumbagin production using hairy roots induced 
from P. rosea in a 2-l volume airlift bioreactor. Jose et al. 
(2016) designed one such bioreactor or reaction kettle which 
accumulated 1.5% DW of plumbagin and boosted hairy root 
biomass by 12 times.

Encapsulation

The transformed plants are stored in the form of syn-
thetic seeds. The roots of P. indica were transformed by 
rolB gene and treated with different hormones. It was 
found that lower concentration of all phytohormones gave 

Table 3   Effect of various elicitors used in vitro culture to enhance plumbagin production

Species Explant Growth regulator Elicitors Achievements References

P. rosea Leaf IAA, NAA, BAP Fungi (Aspergillus niger 
and Rhizopus oryzae), 
bacteria (Bacillus sub-
tilis and Pseudomonas 
aeruginosa), yeast 
extract and chitosan

Plumbagin production 
Chitosan treated cells 
6.71-fold higher

Komaraiah et al. 2002

Leaf-derived cell culture IAA, NAA, BAP Synergetic effect of chi-
tosan, immobilization, 
and in situ extraction

Plumbagin yield:- 
92.13 mg g−1 DCW

Komaraiah et al. 2003

Leaf NAA, BAP Acetylsalicylic acid, 
ammonium

Plumbagin accumulation 
was 3 fold embryogenic 
compared to non-
embryogenic suspen-
sions

Komaraiah et al. 2004

Node BAP, NAA, 2,4-D Jasmonic acid, yeast 
extract, NAA

Embryogenic cell sus-
pension cultures treated 
with NAA increased 
plumbagin production 
by 5.59 fold compared 
to control plant

Silja et al. 2014

Node IAA, IBA, NAA Jasmonic acid, sodium 
salicylate, yeast extract

Increased plumbagin 
content increased by 
addition of jasmonic 
acid to 1.23% DW

Silja and Satheeshku-
mar 2015

Drosera burmanii In vitro cultured stem 
segments

BA Methyl jasmonate, yeast 
extract, chitosan, or 
salicylic acid

Yeast extract increased 
plumbagin production 
by 3.5 fold than control 
plant

Putalun et al. 2010

Drocera indica Seeds Giberellic acid Yeast extract, methyl 
jasmonate, chitosan, 
salicylic acid

Yeast extract (0.5 mg/ml) 
enhanced plumbagin 
by 5.4 fold compared to 
control plant

Thaweesak et al. 2011

P. indica Leaf NAA Gamma rays 20 Gy dose of gamma 
ray increased the 
plumbagin production 
to 1.04 mg/g DW

Jaisi et al. 2013
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optimum results. The elite root clones were encapsulated 
in sodium alginate (Gangopadhyay et al. 2011a, b).

Genetic diversity assessment of Plumbago

Genetic diversity is defined on the basis of polymorphism, 
i.e., the difference in the DNA sequence of a DNA seg-
ment (Table 4). Genetic integrity of the micropropagated P. 
zeylanica plants were assessed by RAPD profiles, and the 
micropropagated plants exhibited no polymorphisms (Rout 
and Das 2002). The characterization of germplasm is an 

essential form of identifying the elite genotypes as well as 
the variability of various population of Plumbago. It is the 
basis for the plant adaptation to its natural climate, evolu-
tion, and breeding for the plant improvement. These infor-
mation lead to the development of superior varieties. The 
transformed plants are stored as synthetic seeds. The roots 
of P. indica were transformed by the rolB gene and treated 
with various hormones. It was discovered that a lower con-
centration of all phytohormones gave the best results, and 
the elite root clones were encapsulated in sodium alginate 
(Gangopadhyay et al. 2011a, b).

Table 4   Enhanced plumbagin production following Agrobacterium-mediated transformation

Species Explant Plant growth regulators Strain Results References

P. zeylanica Leaves BAP, IBA A. rhizogenes strain A4 Rooting 0.49 mmol/L 
IBA (1/2 strength 
medium)

Shooting
8.87 mmol/L BAP and 

0.49 mmol/L
IBA
2.5 times higher 

amounts of plumbagin

Verma et al. 2002

Cotyledon, hypocotyl 
and petiole

BA, ZT, AD,2,4D, IAA, 
IBA,NAA, CM

A. tumefaciens strains 
AGL1 and LBA4404

Rooting ½ strength MS 
medium with 0.1 mg/l 
IBA

Shooting
Petiole-1.5 mg/l 

BA + 0.25 mg/l 
IAA + 50 mg/l 
AD + 10% CM

Leaf strip-1.5 mg/l 
BA + 0.25 mg/l 
IAA + 50 mg/l 
AD + 10% CM

Wei et. al. 2006

P. indica Hairy root - A. rhizogenes strain 
ATCC 15834 pH 5.6 
and 3% sucrose

Highest plumbagin 
content in roots at 
exponential phase of 
growth

Gangopadhyay et al. 2008

Hairy root IAA, BA A. rhizogenes strain 
ATCC 15834

Higher root bio-biomass 
and an increased 
plumbagin content 
compared to non-
transformed plants

Gangopadhyay et al. 2010

Hairy root IAA, IBA, 2, 4-D, 
NAA, BAP, GA3, 
ABA

A. rhizogenes strain
ATCC 15834

Root growth
0.5 mg l−1 GA3
Plumbagin accumula-

tion
0.5mgl − 1 NAA
Root biomass and 

plumbagin produc-
tion GA3 + NAA 
(0.5 mg l−1, each)

Gangopadhyay et al. 
(2011a)

Leaf and internode 
explants

BA, IBA A. rhizogenes strain 
A4M70GUS 
elicitation by methyl 
jasmonate, acetylsali-
cylic acid

50 µM methyl jas-
monate for 48 h 
increased the yield of 
plumbagin to 5.0% 
dry weight

Martin et. al. 2011
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Phytochemical markers

The generation of bioactive molecules is influenced by a 
number of variables. Information regarding the best acces-
sions is provided via the biochemical study of several 
accessions. Several researchers have attempted to search 
the literature for phytochemical variation studies on Plum-
bago species (Roy et al. 2022; Cheemalapati et al. 2022; 
Liu et al. 2022; Purwoko et al. 2022; Ajayi Gabriel et al. 
2019; Rajakrishnan et al. 2017). P. indica and P. auricu-
lata hydroalcoholic extracts were analyzed by LC–MS/MS 
to identify thirty and twenty-five compounds, respectively. 
Both extracts contained 21 compounds in common. Based 
on retention times, molecular weights, and fragmentation 
patterns, compounds were identified and tentatively anno-
tated (Selim et al. 2022). Using light microscopy, Galal 
et al. (2013) compared the anatomical features of P. auricu-
lata, P. indica, and P. zeylanica leaves, stems, and roots. 
GC–MS analysis of aerial part P. zeylanica extracts identi-
fied 1,4-naphthalenedione, 3-eicosene, 5-eicosene, phthalic 
acid, o-anisic acid, thioctic acid, 1-octadecene, 5-t-butyl-
cycloheptene, 2-benzoyl-1,2-dihydro-1-isoquinolinecarbon-
itrile, octadecanal, silane, 3-methoxy-2-methyl-2-(1-phenyl-
ethylamino)-propionic acid, and 1-nonadecene (Roy et al. 
2022). Heneicosane is also isolated from ethyl acetate leaf 
extracts of P. zeylanica (Vanitha et al. 2020). Dissanayake 
et al. (2022) also screened P. indica root bark via GC–MS 
and detected plumbagin. Tripathi et  al. (2022) recently 
reported 2,6-di-tert-butyl phenol and 2,4-di-tert-butyl phe-
nol from P. indica.

Conclusion and future prospects

Until now, an impressive literature on pharmacological 
investigation breakthroughs in plumbagin production has 
been published (Beyene et al. 2020; Jenifer et al. 2021). The 
various pharmacological activities of plumbagin have been 
widely documented over the last decades, and the synergetic 
effect on various cancer cells and microorganisms suggests 
that that further research should be conducted in order to 
improve plumbagin accumulation, yield, and smart harvest. 
Plumbagin is primarily present in roots, which necessitates 
a destructive harvest and the loss of whole cultivation. To 
address these issues, other biotechnological options must be 
investigated. In vitro culture is a critical and secure method 
for producing plumbagin. Elicitation is another approach for 
increasing plumbagin content in the Plumbago species dur-
ing in vitro cultivation. The biosynthetic pathway is poorly 
understood, which might be a hurdle at times, so the pathway 
must be adequately described to facilitate medication discov-
ery using plumbagin as a natural template. More research 

on genetic diversity evaluation using molecular markers 
should be conducted in order to identify and validate high-
producing species.
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Abstract 
Aristolochia, belonging to the family Aristolochiaceae, has immense ecological significance due to its large size and huge 
geographic distribution. In the context of dealing with a genus with a huge number of species like Aristolochia, these mark-
ers come in handy to precisely identify a particular species and enumerate the genetic diversity. Also, certain species of 
Aristolochia are economically important due to the presence of secondary metabolites and vast use in traditional and modern 
medicine. But, the presence of profitable biochemical constituents in Aristolochia is very low and the breeding process of 
the plant is highly dependable on pollinators. Hence, identifying different biotechnological approaches to fasten the repro-
ductive cycle of Aristolochia and increase the secondary metabolites is of great interest to the researchers. In this study, 
a comprehensive review has been established on different types of morphological/anatomical markers (starch grains with 
“Maltese cross”), phytochemical markers (aristolochic acid, triterpenoid, aristolactam etc.) and genetic markers (ISSR, SSR, 
DNA bar-coding) for various Aristolochia spp. We have also discussed the applications of different biotechnological tools 
in Aristolochia spp. which include discrete approaches to promote in vitro germination, in vitro shooting, root induction, 
somatic embryogenesis, synthetic seed production, acclimatization and hardening and sustainable production of secondary 
metabolites. In a nutshell, the present review is a first of kind approach to comprehensively demonstrate the genetic diversity 
studies and biotechnological aspects in Aristolochia spp.

Key points
• Insights into the in vitro propagation of Aristolochia spp.
• In vitro production and optimization of secondary metabolites.
• Assessment of genetic diversity by molecular markers.

Keywords  Aristolochia · ISSR · DNA barcoding · Aristolochic acid · In vitro culture · Synthetic seed

Introduction

Aristolochia is a large genus of flowering plants having a 
large geographical distribution almost all over the world 
in various diverse climatic situations. The members are 
often called birthwort, due to the resemblance of the flower 
with the birth cannel (Ansari et al. 2021; Qin et al. 2021). 

Aristolochia is considered to be toxic due to the presence 
of aristolochic acids (AAs) which causes chronic renal fail-
ure, urothelial malignancies and tubulointerstitial fibrosis 
together termed as aristolochic acid nephropathy (AAN) in 
both humans and mice (Jelaković et al. 2019 Ji et al. 2021). 
Consumption of food containing AA through traditional 
medicine or ingestion of food that is environmentally con-
taminated with AA can cause progressive renal interstitial 
fibrosis that frequently leads to AAN. AA intoxication leads 
to haemodynamic abnormalities by causing an increase in 
endothelin and reduction in renal nitric oxide levels. Due to 
such an imbalance in vasoactive factors, vasoconstriction 
happens to lead to hypoxia, tubular injury, inflammation and 
ultimately fibrosis.
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However, Aristolochia have widespread use in various 
regions. Like in Europe, Aristolochia sp. were introduced 
by the Greek scholar Dioscorides (first century), and aris-
tolochic acid and its extracts isolated from Aristolochia 
clematitis were formerly approved to treat against eczemas, 
abscesses and different long-lasting dermatosis and as a 
stimulant for immune system (Scarborough and Fernandes 
2011; Pohodina et al. 2019). The whole plant of Aristolochia 
is considered to hold different types of medicinal properties 
in Indian traditional medicine. The roots of Aristolochia are 
designated as anti-inflammatory, diuretic and cardiotonic 
due to the presence of an alkaloid, aristolochin; leaves are 
useful for the treatment of cholera and intermittent fever 
in children; and seeds are traditionally used against inflam-
mation, biliousness and dry cough (Padhy 2021). Hence, 
a throughout heath risk assessment should be done before 
using this kind of drugs for any medicinal practices.

On the other hand, various species of Aristolochia 
(viz. A. longa, A. triangularis, A. bodamae, A. longa 
etc.). and their compounds have been reported to dem-
onstrate profound antimicrobial properties (Pereira 
et al. 2018; Dalcol et al. 2021; El Omari et al. 2020; Ozen 
et al. 2020; Doudach et al. 2022). Therefore, in vitro cul-
tures can be used as an exciting option to produce and 
characterize the antimicrobial phyto-constituents from 
the plant. Besides the genus is also known to host many 
endophytic microbes (Guevara-Araya et al. 2020, 2022) 
which can also be cultured in vitro for the production of 
secondary metabolites. Aristolochic acid (AA) has the 
potential inhibitory role against snake venom L-amino 
acid oxidase (LAAO). As AA is notorious for its geno-
toxic activity, its non-toxic artificial hydroxyl and chloro-
derivatives can be used for such purpose (Bhattacharjee 
et al. 2017).Improvements in in vitro techniques offer 
novel strategies to the viable processing of even threat-
ened and endangered plants and their economically and 
industrially promising secondary metabolites. In vitro 
propagation of medico-botanicals and in vitro optimiza-
tion of their bioactive principles have been done in many 
plants for the commercial production of therapeutically 
active plant-based medicines. In plant tissue culture, the 
production of secondary metabolites has been reported 
from various species (Jayaprakash et al. 2021; Manokari 
et al. 2021; Shekhawat et al. 2021; Swamy et al. 2021). 
Many reports involve the use of different elicitors to 
increase the quantity of plant secondary metabolites (Dey 
et al. 2019, 2020; Nandy et al. 2021; Pandey et al. 2021; 
Nazir et al. 2021a). The present review encompasses an 
outline on the in vitro propagation and biotechnologi-
cal tools as an aid for clonal propagation and produc-
tion of aristolochic acid and allied compounds. In addi-
tion, for its use as multipurpose drug in traditional and 
modern medicines and presence of important toxins, 

tissue culture Aristolochia is a better way out for faster 
growth, low dependence on natural pollinators and to 
conserve its short genotype. Aristolochia is exploited as 
a model plant for in vitro regeneration and formation 
of artificial seed (Remya et al. 2013), clonal propaga-
tion (Sarma and Tanti 2017b) and somatic hybridization 
(Bliss et al. 2009).

A study of markers not only help to distinguish between 
different population and individual plant itself but also pro-
vide insights into the different genetic arrangement, phyto-
chemical constitutes and morphological parameters of one 
group of plants (Kaur et al. 2019; 2021; Nazir et al. 2021b; 
Tikendra et al. 2021a,b). Different types of morphological, 
phytological and genetic markers of Aristolochia is well 
established to differentiate the species of this large genus. 
Also such markers can be useful as a genetic and breeding 
tool for crop development (Chesnokov et al. 2020; Desai 
and Tatke 2019). Therefore, methodologies for measuring 
genetic diversity and/or proximity in different species uti-
lizing various markers have also been elucidated (Table 1).

Distribution

Aristolochia spp. is a genus present in the family of Aris-
tolochiaceae which include approximately 550 species (Cai 
et al. 2020). All these species are distributed generally under 
tropic, subtropic, Mediterranean and temperate regions of 
the world including America, Asia and Africa (Fig. 1). Aris-
tolochia subgenus Siphisia include 70 species in which 50 
of them are found in the southern and eastern parts of Asia, 
while 20 of them are found in the central and northern parts of 
America (Do et al. 2015). Aristolochia ringens species is found 
in the tropical regions of America and Africa, whereas Aris-
tolochia elegans species are native for South America, while it 
is exotic for North America, Africa and Asia. Vietnam’s tropi-
cal, humid and forest region favour the growth of species like 
Aristolochia bidoupensis (van Do et al. 2016). Aristolochia 
delavayiis widely distributed in southwest China along with 
the Jinsha river valley at an altitude of 1220–2250 m (Yu 
et al. 2021). In India, 18 species of the genus Aristolochia 
is found, in which Aristolochia maxima is found in north 
Western Ghats (Tilari Ghats) of Maharashtra (Panduran-
gan and Deepu 2018). This species is native for central and 
South America. Another species Aristolochia indica is found 
throughout tropical, subtropical and Mediterranean countries 
including India, Nepal and Bangladesh (Dey and De 2011; 
Sarma et al. 2018). In Africa, generally on the western side, 
Madagascar favours the growth of 11 species which include A. 
albida, A. baetica, A. bracteolate, A. embergeri, A. heppi, A. 
hockii, A. fontanesii, A. paucinervis, A. pistolochia, A. rigida 
and A. sempervirens (de Groot et al. 2006). There are three 
medicinal and endemic Aristolochia species from eastern India 
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which have been reported namely Aristolochia indica Linn., 
Aristolochia saccata Wall. and Aristolochia cathcartii (Sarma 
and Tanti 2015). Aristolochia delavayi, another medicinal and 

endangered member of Aristolochiaceae, is endemic to China. 
They generally grow in the warm and dry areas along the Jin-
sha river (Yu et al., 2021).

Table 1   Different types of markers found in Aristolochia species and populations

Markers Result/responses References

Morphological markers Investigated the root anatomy of A. indica by pharmacognostic profiling Sudhakaran (2014)
Found separated secondary xylem
Found thin-walled cork cells, small cortex and inner cortical cells interspersed with 

groups of stone cells
Found deposited starch in parenchymatous cell of medullary rays

Phytochemical markers Analysed the A. baetica for the phytochemicals markers like polyphenol, alkaloids, 
flavonoids, saponins and tannins

Bourhia et al. (2019)

In A. bracteolata alkaloids, glycosides, saponins, starch and protein were analysed. 
Aristololochic acid and triterpenoid as distinctive phytochemical markers were seen

Avchar (2021)

Eight aristololactams and 5 aristolochic acid derivatives were reported in A. moupinensis, 
and 6 aristololactams and 3 aristolochic acids were reported in A. cathcartii

Zhang et al. (2016)

Eight aristololactam-type alkaloids and 7 aristolochic acid derivatives were found in A. 
tagala

Liu and Zhang (2020)

Found 75 essential oil compounds in 10 Aristolochia species which classify the species 
into 4 morphological groups based on principal component analysis

Francisco et al (2008)

Twenty accessions of A. indica were assessed for aristolochic acid content Dey et al. (2021a, b)
(Molecular markers)
ISSR

Evaluation of genetic diversity within 4 Aristolochia species A. indica, A. cathcartii, A. 
saccate and A. tagala by using 8 ISSR primers

Sarma and Tanti (2017b)

Check the 9 out of 66 PCR amplicon’s bands which are similar in terms of evolutionary 
history

Check the dendrogram of these 4 species for genetic diversity
SSR Evaluation of genetic diversity of A. delavayi in 193 individuals from ten different natu-

ral populations by using 15 pairs of microsatellites SSR primers
Yu et al. (2021)

Analyse through AMOVA for genetic diversity among the population
Analyse the genetic diversity due to restriction of gene flow of A. delavayi population 

along with the Jinsha river
DNA barcoding Evaluation of polymorphism within 11 species of Aristolochia from Thailand by using 

rbcL, matK, ITS2 and trnH-psbA as markers
Dechbumroong et al. (2018)

Fig. 1   Worldwide distribution of Aristolochia L. (source: https://​www.​gbif.​org/​speci​es/​28739​78)

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



	 Applied Microbiology and Biotechnology

1 3

Botanical description

Aristolochia is the type of genus of the family Aristolochi-
aceae or the birthwort family having over 450 species in 
3 subgenera; Aristolochia, Siphisia and Pararistolochia 
(Wanke et al. 2006; Yan and Ma 2019). Among them Aris-
tolochia itself has approximately 350 species. They are gen-
erally evergreen or deciduous lianes. But some deciduous 
herbaceous members from Mediterranean region are also 
investigated (Neinhuis et al. 2005). Leaves are found to be 
3–7 lobbed, most of the time cordate, 3 (Aristolochia dalyi) 
— 7 nerved (Gonzalez 1998). In Aristolochia longissima 
and Aristolochia ornithorhyncha, conspicuous pellucid 
gland dots are present with the leaves (Jimenez et al. 2021). 
Flowers are irregular, either solitary or in groups and axil-
lary in position. Perianth is colourful, tubular with various 
bending, generally flattened at the base but narrow near 
the throat and pubescent on the inner side; limbs can be 
either open or recurved, entire or lobbed. Stamens are 6 or 
more; anthers sessile adnate to the stigma or the back of 
style. Style is short and lobed near the apex with usually 
6-locular inferior ovary. Fruit is capsule, and septicidally 
dehiscent; seeds are compressed (Britannica, T. Editors of 
Encyclopaedia, 2013).

In some instances, various authors showed their disa-
greement with these common morphological features of 
the different species of such vast genus like Aristolochia. 
Like, González and Stevenson had interpreted the peri-
anth of Aristolochiaas a trimerous calyx based on mor-
phology, position, development and juxtaposition with the 
closely related taxa (González and Stevenson 2000) after 
studying 42 species.

Adams et al. have done a comparative study between 
4 closely related species of Aristolochia from all over 
the world namely A. californica, endemic to California, 
A. macrophylla and A. tomentosa of eastern USA and A. 
manshuriens of eastern Asia based on seed characters 
(like seed mass, surface area wings, state and shape of 
embryo). It was found that though having similar morpho-
logical characteristics of the embryo (linear and under-
developed), those features are statically different which 
assign them into 4 separate species (Adams et al. 2005).

Aristolochia was found to have a profound trapping 
mechanism for pollination in case of in proterogynous 
flowers. Experiments on 6 Mediterranean species have 
shown during female flowering stage an array of well-
developed trichomes present on the underlying surface 
of the flower which ensure the entry of the pollinators 
into the flower but inhibit their exit. But after the flowers 
enter the stages of anthesis, the inner surface characters 
of the flower modify to enable the insect to escape (Oels-
chlägel et al. 2009).

Genetic diversity assessment

Morphological markers

Morphological markers are visual phenotypic characters 
of a plant that is particular to the certain species or genus. 
But the main disadvantage of these markers is that they 
are few in number and always influenced by environmen-
tal factors and covers of the entire genome (Chesnokov 
et al. 2020).

Sudhakaran has investigated the root anatomy of Aris-
tolochia indica through pharmacognostic profiling and 
found the transverse section having a circular outline 
with tissue organization of thin-walled cork cells, small 
cortex and inner cortical cells interspersed with groups 
of stone cells. Secondary xylem was separated to form 
narrow strips. Wide medullary rays had greater quantities 
of parenchyma with ray cells having deposition of starch. 
Solitary vessels are occluded with tyloses and starch 
grains with ‘Maltese cross’. He suggested these specific 
anatomical characters might be an authentic marker of this 
taxon (Sudhakaran 2014).

Phytochemical markers

Phytochemical markers are chemical constituents made 
up of single or group of herbal drugs with a well-defined 
chemical structure. These constituents may or may not 
possess any medicinal characteristics but are useful for 
quality control of plant-based drug or formulation (Desai 
and Tatke 2019). The genus contains a number of con-
stituents which can be utilized as important phytochemical 
markers (Fig. 2).

Aristolochia baetica is a wild member of Aristolochia 
from Morocco whose roots have been used against can-
cer from a long time ago. The root aqueous extract of A. 
baetica was subjected to preliminary qualitative phyto-
chemical screening to find out about the phyto-organic 
component behind their biological activities. The presence 
of polyphenol, alkaloids, flavonoids, saponins and tannins 
has been observed (Bourhia et al. 2019). Similar study also 
was done on the methanolic root extract of A. bracteo-
lata which has also shown the presence of alkaloids, gly-
cosides, saponins, starch and protein. High performance 
thin-layer chromatography fingerprinting study revealed 
the occurrence of aristololochic acid and triterpenoid as 
distinctive phytochemical markers of the particular plant 
(Avchar er al., 2021).

In a study to explore the phytochemical constituents 
of Aristolochia moupinensis and Aristolochia cathcartii, 
8 aristolactams and 5 aristolochic acid derivatives were 
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isolated from A. moupinensis, whereas 6 aristolactams and 
3 aristolochic acids were isolated from A. cathcartii (both 
were isolated from whole herb). Aristolactam I, aristolac-
tam AII, aristolochic acid A and aristolochic acid BII were 
found from both of the species. Aristolactam-type alka-
loids and aristolochic acid derivatives were widely spread 
in all the plant members of genus Aristolochia. Aristolo-
lactam is an intermediate in the biosynthetic pathway for 
aristolochic acid. The aristolochic acids in the Aristolochia 
possessed a unique chemical structure and are responsi-
ble for the same biological property of Aristolochia spe-
cies. Hence, aristololactam-type alkaloids and aristolochic 
acids derivatives might be hypothesized to be unique for 
the particular genus, thus could be used as potential phy-
tochemical markers for the genus (Zhang et al. 2016).

Eight aristololactam-type alkaloids and seven aris-
tolochic acid derivatives were isolated from the whole 

plant of A. tagala. Among them sauristolactam and 
7-methoxyaristololactam IV are very unique to the spe-
cies. Sauristolactam is not found in any other Aristolochia 
species and though the occurrence of 7-methoxyaristolo-
lactam was observed in some of the Asian members of 
Aristolochia, it is quite rare. Hence, both of them could be 
used as chemotaxonomic or phytochemical marker of the 
species (Liu and Zhang 2020).

After analysing the essential oils from the roots of 10 
Aristolochia species by GC–MS, 75 compounds were 
found. Multivariate analysis of those chemicals from roots 
classifies the 10 species into 4 morphological groups based 
on principal component analysis. The groups were identi-
fied by principal component 1 (monoterpenes, like a-thu-
jene) and principal component 3 (sesquiterpenes, such 
as germacrene A (52), c-elemene (39) and b-gurjunene) 
(Francisco et al. 2008).

a

e

dc

b

f

Fig. 2   2D and 3D chemical structures of the bioactive compounds of Aristolochia spp.: a Aristolochic acid I, b Aristolochic acid II, c Aristolol-
actam II, d Ishwarol, e Ishwarone, f Aristolochene (source: www.​PubCh​em.​com)
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Group 1: A. arcuata, A. chamissonis, A. lagesiana, A. 
melastoma and A. pubescens.
Group 2: A. gigantean (highest positive PC1).
Group 3: A. elegans (highest positive PC3).
Group 4: A. esperanzae, A. galeata, and A. malmeana.

Molecular markers

ISSR

Inter-simple sequence repeats (ISSR) is a molecular tech-
nique which helps in the determination of multi-locus 
marker (repetitive sequence present in genome of organ-
ism) by the help of PCR by using microsatellite sequence 
as primers. The amplicons produced by this technique help 
in the study of evolutionary history, genetic diversity and 
gene mapping of closely related species. Forty-five Passion 
fruit (Passiflora sp.) accession was selected to check against 
eighteen ISSR primers. The result obtained from the mean 
Shannon–Weaver diversity index was 0.32 which represents 
a good diversity in the selected Passiflora germplasm by 
the ISSR markers (Santos et al. 2011). In another study, 23 
mango germplasm accessions were collected from Guangxi 
province, China and checked against 18 ISSR primers. The 
result showed out of 156 bands, 87 are polymorphic. It can 
be concluded among the other cultivars, the genetic similari-
ties in Xiang Ya mango type and their progenies are very 
high (Luo et al. 2011).

To determine the genetic variation of Aristolochia spe-
cies, 8 ISSR primers are used for the 4 species from Assam. 
These species are A. indica, A. cathcartii, A. saccata and A. 
tagala. It is found that A. indica and A. cathcartii (Cluster-
I) are 62% similar in terms of genetic variation while A. 
saccate (Cluster-II) is 28% similar with Cluster-I species, 
while A. tagala (Cluster-III) is 22% similar with A. saccate. 
Nine out of 66 PCR amplicon’s bands of these four spe-
cies are similar indicating that they are sharing common 
evolutionary history. Remaining bands are the proof for the 
genetic divergence present in the species and showing poly-
morphism in their character. Dendrogram of these 4 spe-
cies also shows the same genetic similarity for A. indica 
and A. cathcartii, while the other two species are not much 
closely related due to divergence in the genes (Sarma and 
Tanti 2017a).

SSR

Simple sequence repeat is a microsatellite DNA repeat found 
in genome having a high rate of polymorphism and widely 
distributed within the eukaryotic organisms, and the num-
ber of repeat is very specific and varies between organisms 
and helps in the assessment of genetic diversity between 
closely related organisms having minimal characteristic 

differences. Twenty-nine cucumbers (Cucumis sativus L.) 
accessions were selected to estimate the genetic diversity 
by comparing 13 genomic microsatellites (gSSR) and 16 
expressed sequence tag (EST)-SSR (eSSR) markers. The 
dendrogram produced individually from the results of both 
of these markers shows similarity in the position of most of 
the cucumber germplasm. Comparing the data from eSSR 
markers, independent sub-clusters can be identified contain-
ing five germplasms. They all are resistant to downy mil-
dew concluding a probable connection between those eSSR 
markers and disease resistance of plants (Hu et al. 2011).

SSR analysis is performed for the analysis of genetic 
diversity and difference in genetic makeup of the Aris-
tolochia delavayi species with respect to its wild type. Fif-
teen pairs of microsatellite SSR primers are used for 193 
individuals from ten natural populations. Through AMOVA 
(analysis of molecular variance), 68.4% genetic diversity is 
seen within the population, whereas 31.6% genetic diversity 
is seen among the population of Aristolochia delavayi. High 
genetic diversity within the population is due to outcrossing 
within the population by sexual reproduction or due to the 
retention of genetic resources. Restriction of gene flow may 
cause the less genetic diversity among the population which 
restricts the reproductive abilities of plants.

Since Aristolochia delavayi is found along the Jinsha 
River and warm and dry areas of China, so this kind of geo-
graphical habitat restricts the exchange of gene among the 
species. Another reason is that pollination of this species 
mainly depends on the family Ceratopogonidae and Chi-
ronomidae pollinator which are less efficient and have weak 
flying abilities and warm and dry climate does not favour 
the dispersal of seed due to which gene flow is restricted 
within the species and cause major genetic diversity within 
the population (Yu et al. 2021).

DNA barcoding  DNA barcoding is the technique in which 
short sequence of DNA or organelle DNA is used to iden-
tify and help in the comparison of genetic diversities among 
species. The genes which are used as DNA barcode include 
cytochrome c oxidase I (COI or COX1) coding gene present 
within mitochondrial DNA, internal transcribed spacer (ITS) 
rRNA etc. due to their less variation in intraspecific level 
compared to interspecific level in species. Four plastid cod-
ing genes (rpoB, rpoC1, rbcL and matK) and 3 noncoding 
spacers (atpF-atpH, psbK-psbI and trnH-psbA) based on the 
chloroplast genome sequence of Lemna minor as proposed 
by the CBOL (Consortium for the Barcode of Life) were 
used to distinguish 97 accessions representing 31 species 
of Lemnaceae (aquatic monocots). It can be concluded that 
among other genes chosen in the study, the atpF-atpH non-
coding spacer could be used as a universal DNA barcod-
ing marker for species-level identification for Lemmaceae 
based on reliable amplification, straightforward sequence 
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alignment and rates of DNA variation between species and 
within species (Wang et al. 2010).

Recent studies on DNA barcoding use rbcL, matK, ITS2 
and trnH-psbA as markers to identify the genetic variabil-
ity and polymorphism within the 11 species of Aristolochia 
from Thailand. This evaluates the highest variations which 
are found in ITS2 (28.98%) region of DNA followed by rnH-
psbA (11.56%), matK (11.15%) and rbcL (3.29%) in all 11 
species of Aristolochia (Dechbumroong et al. 2018).

Achievements made in Aristolochia 
through modern biotechnological tools

In vitro germination

In vitro germination is an easier method to propagate 
for conservation and economic purposes (Table 2). The 
in vitro germination of Cannabis sativa seeds has faced 
some difficulties regarding uniformity and germination 
time due to issues in the standardization of disinfection 
procedures. A recent study has been mediated by using the 
generalized regression neural network (GRNN) to assess 
the type and concentration of disinfectants and the time 
of immersion for in vitro germination of the seeds. The 
results showed that treating the seeds with 4.6% sodium 
hypochlorite along with 0.008% hydrogen peroxide for 
16.81 min manifested the best results with a 0% contami-
nation rate and 100% germination after scarification within 
1 week (Pepe et al. 2021).

The presence of scanty endosperm and linear, small 
embryo of Aristolochia tagala makes the germination of 
the seeds under normal conditions inconvenient (Biswas 
et al. 2007). Therefore, these factors have driven the utiliza-
tion of different techniques of in vitro germination in order 
to enhance the viability of seeds and propagation rate. A 
report by Krishnan et al. (2019) suggested that exposure 
of seeds presoaked in warm water (50 °C) for 5 min to a 
germinator not only amplified the germination percentage 
but also successfully reduced the number of days taken for 
germination. The percentage of germination, however, was 
found to be greater in contrast to presoaked seeds exposed to 
an open room. According to Bhat et al. (2020), presoaking 
of seeds with warm water tends to stimulate the softening 
of seed coat and promotes rapid protrusion of tip of radicle 
upon attaining maturity. GA3, KNO3 and thiourea treatment 
at varying concentrations was found to have a pronounced 
effect on the rate of germination and effectively reducing the 
time taken for germination. Thiourea, a potential agent of 
in vitro germination, elevates endogenous cytokinin levels 
to alleviate inhibition on seed coat.

In vitro shooting

Morphogenesis from callus culture using a wide array of 
explants including adventitious shoot, nodes, internodes 
and leaves is beneficial for developing multiple clones of 
endangered medicinal plants. In vitro organogenesis can 
be manipulated by regulating the concentration of plant 
growth regulators (PGRs) specifically auxin and cytokinin. 
Though cytokinin along with auxin has a positive impact 
on shoot proliferation from callus, higher concentration of 
BAP (benzyl amino purine) and KIN (kinetin) can counter-
act this activity. It is also essential to utilize phloroglucinol 
to support in vitro shooting since accumulation of phenolic 
compounds may interfere with the normal phenomena and 
turn the callus black. In a study conducted on rice to stand-
ardize a reproducible and highly efficient plant regeneration 
protocol, the highest shoot regeneration was observed on 
the Murashige and Skoog (MS) medium supplemented with 
2.0 mg/L benzylaminopurine, 0.5 mg/L 1-naphthaleneacetic 
acid, 500 mg/L proline and 500 mg/L glutamine in the callus 
obtained from MS medium complemented with 2.0 mg/L 
2,4-dichlorophenoxyacetic acid (2,4-D), 500 mg/L proline 
and 500 mg/L glutamine (Pawar et al. 2015).

The most effective result of shoot organogenesis in 
Aristolochia from callus culture was recorded with BAP 
in combination with NAA. Media of 2 µM BAP, 1 µM 
NAA (1-naphthalene acetic acid) and 10 µM PG in MS 
(Murashige and Skoog) or MS media fortified with 2,4-D 
(2,4-dichlorophenoxyacetic acid) and KIN provided promi-
nent results (Remya et al. 2013). The capability of NAA 
to initiate shoot organogenesis was put forward by Biswas 
et al. (2007), where 79% explants cultured showed success-
ful shooting with 2 mg/L BAP and 0.5 mg/L NAA in A. 
tagala. In A. saccarta and A. cathcartii, 3–4 mg/L BAP 
and 0.5–1 mg/L NAA demonstrated the highest mean shoot 
length of 4.02–4.34 and the number of shoot in the range 
of 3.4–6.2 (Sarma and Tanti 2017a, b). Remya et al. (2016) 
suggested for elongation of shoot from apical bud explant, 
it is convenient to supplement MS media with GA3. This 
report validated that BAP with KIN is even a fruitful alter-
native for in vitro shoot formation along with 0.1% charcoal 
fortification. BAP and spermidine, a polyamine, synergisti-
cally assisted the proliferation of shoot from nodal explant-
derived calli (Dey et al. 2020).

Root induction

Root organogenesis from a wide variety of explants under 
precisely suitable culture conditions are dependent upon 
the type and concentration of auxin present in the medium. 
Germplasm conservation and reduplication Artemisia sp. for 
research and therapeutic purposes through biotechnological 
interventions have been greatly studied for the past decade. 
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Table 2   Different types of in vitro culture achieved in Aristolochia via tissue culture

In vitro culture type Plant Result Reference

In vitro germination Seeds of A. tagala Exposure of seeds presoaked in warm water 
(50 °C) for 5 min amplified the germination 
percentage and reduced the germination time

Krishnan et al. (2019)

Seeds of A. tagala Presoaking the seeds with warm water stimulate 
the softening of seed coat and promotes rapid 
protrusion of tip of radicle during maturity

Bhat et al. (2020)

In vitro shooting A. tagala (leaf-derived callus) MS media fortified with 2 µM BAP, 0.5 µM 
NAA, 10 µM PG promotes shoot organogen-
esis. Multiple shoots also can be regenerated 
from encapsulated nodes grown on MS 
medium supplemented with 3° μM BAP and 
0.5 μM kinetin

Remya et al. (2013)

A. tagala (nodal segment as explants) Explants (79%) cultured showed shooting after 
culturing in MS 2 mg/m BAP and 0.5 mg/L 
NAA

Biswas et al. (2007)

A. saccarta and A. cathcartii (nodal 
explant)

Application of BAP in combination with NAA 
showed better shoot induction in comparison 
to those hormones used separately

Sarma and Tanti (2017a)

A. tagala (apical bud explant) Addition of activated charcoal in culture media 
(MS media) help in circumventing the prob-
lem of polyphenol release of explant which 
hampered the regeneration of adventitious 
shoots

Remya et al. (2016)

A. indica (nodal explants) SH (Schenk and Hidebrandt) media fortified 
with 2.0 mg/L BAP and 0.5 mM spd (sper-
midine) showed best results with an average 
number of 47.5 base callus-derived shoots

Dey et al. (2020)

A. indica (shoot tip, nodal segment, leaf 
disc callus, leaf segment)

Murashige and Skoog’s medium with 0.54 µM 
α-naphthaleneacetic acid/NAA and 13.31 µM 
benzyladenine/BA promoted the regeneration 
of the maximum number of shoots (45–50) 
from nodal segment and shoot tip. The best 
results were observed in terms of shoot bud 
regeneration from leaf-derived callus while 
cultured on basal medium fortified with 
2.69 µM NAA, 13.31 µM BA and 1.0 mg/l 
PG. Direct shoots organogenesis from leaf 
segments was done by using 13.31 µM BA 
along with 50 mg/L activated charcoal in MS 
basal medium

Manjula et al. (1997)
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Recently, to establish a protocol for micropropagation of 
Artemisia annua L, the optimum rooting was observed on 
the Murashige and Skoog (MS) medium supplemented with 
0.1 mg/L IBA in leaf-derived calluses (Zayova et al. 2020).

According to Sebastinraj and Siddique (2011), Sarma 
and Tanti (2017a, b) and Biswas et  al. (2007), IBA 

(indole-3-butyric acid) is most appropriate for in vitro root-
ing of Aristolochia in contrast to NAA and IAA (indoleacetic 
acid). On one hand, Sarma and Tanti (2017a, b) reported 
0.5 mg/L IBA exhibited surpassing effect on a number of root-
lets and mean height of roots than NAA in A. saccarta. Remya 
et al. (2016), on the other hand, observed efficient in vitro 

Table 2   (continued)

In vitro culture type Plant Result Reference

In vitro root induction A. saccarta (nodal explants) IBA exhibited surpassing effect on number of 
rootlets and mean height of roots than NAA in 
A. saccarta

Sarma and Tanti (2017a)

A. tagala (apical bud explant) Regenerated shoots are rooted after culturing 
on MS medium with indole acetic acid/ IAA 
(1.5 μM), kinetin/KIN (1.5 μM) and 6-ben-
zylaminopurine/BAP (0.5 μM)

Remya et al. (2016)

A. indica (shoot tip, nodal segment, leaf 
disc callus, leaf segment)

Rooting the microshoots in White’s medium 
supplemented with 2.46 µM IBA showed 85% 
survival rate

Manjula et al. (1997)

A. indica (leaf-derived and nodal calli) Rooting (80%) along with greater root length 
was observed in shoots regenerated from 
leaf-derived calli, while shoots from nodal calli 
displayed 95% rooting after culturing on MS 
media supplemented with 0.8 mg/L NAA

Pattar and Jayaraj (2012)

A. indica (nodal explants) Spermidine (0.5 µM) along with 1 mg/L IAA 
in MS media scaled up the rooting and 
lateral root development

Dey et al. (2020)

Somatic embryogenesis A. saccarta and A. cathcartii (nodal 
explant)

Direct somatic embryogenesis was achieved 
after culturing the nodal explant on MS 
medium with different concentrations 
of BAP (1.0–4.0 mg/L) and 2iP (1.0–
4.0 mg/L) separately or in combination with 
low concentration (0.5 and 1.0 mg/L) of 
auxin (NAA) respectively

Sarma and Tanti (2017a)

Synthetic seed production A. tagala (nodal explants) Artificial seeds were formed by encapsulating 
the nodes in 3% (m/v) sodium alginate and 
1% (m/v) CaCl2

Remya et al. (2013)

Acclimatization and 
hardening of plants

A. bracteolata Survival rate (95%) of in vitro plants can 
be achieved when acclimatized to soil, 
farmyard, garden soil manure mixture in the 
ratio 1:1:1

Sebastinraj and Sidique, 
(2011)

A. tagala Survival rate (80%) rate of in vitro plants can 
be achieved when acclimatized to vermi-
cute, soil mixture in the ratio 1:1

Remya et al. (2016)

A. indica Survival rate (95%) was observed when 
in vitro plantlets were acclimatized and 
hardened with White media and vermicute 
and transferred to greenhouse conditions

Manjula et al. (1997)

A. tagala Survival rate (80%) was noted when in vitro 
plantlets were hardened in plastic pots with 
soil and manure mixture in 1:1 ratio

Biswas et al. (2007)

A. indica Survival rate (100%) of in vitro plants were 
recorded after hardening the plantlets with 
autoclaved soil, sand, soilrite acclimatizing 
them by transferring to large pots with soil 
and soilrite ratio in ratio of 2:1

Dey et al. (2020)
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rooting from apical bud explants of A. tagala on exposure to 
an amalgamation of IAA, BAP and KIN. Manjula et al. (1997) 
stated MS media and low ionic strength White media supple-
mented with precise concentration of IBA is effectual enough 
to initiate rhizogenesis and lateral root formation. In vitro 
rooting potency is also dependent upon the type of explant 
used. It was recorded by Pattar and Jayaraj (2012) that 80% 
rooting and greater root length were available in shoots from 
leaf-derived calli, but shoots from nodal calli displayed 95% 
rooting. In both cases, rooting was evident when MS media 
were supplemented with 0.8 mg/L NAA. The effect of other 
secondary metabolites on the in vitro rooting was put forward 
by Dey et al. (2020). They proved the fact how polyamine like 
spermidine (0.5 mM) along with IAA (1 mg/L) in MS media 
scaled up the rooting and lateral root development.

Somatic embryogenesis

This technology for in vitro propagation of endangered plants 
has been of immense focus on account of low propagation rate 
by seeds. The potential of somatic embryogenesis to regener-
ate plantlets is considered to be far more efficient than adventi-
tious shoot, leaves and apical bud organogenesis. The in vitro 
propagation of elite palms through somatic embryogenesis is 
found to be advantageous for the high degree of variability, 
which will exist among improved progenies. By using such 
technologies, oil production from oil palm can be increased 
up to many degrees (Soh et al. 2011). For this context, somatic 
embryos of Elaeis guineensis Jacq (oil palm) were obtained 
after culturing the thin cell layer sections from the base of 
the explants in Murashige and Skoog (MS) medium supple-
mented with 450 µM picloram and 2,4-dichlorophenoxyacetic 
acid (2,4-D) with 3.0% sucrose, 500 mg /L glutamine, and 
0.3 g /L activated charcoal and gelled with 2.5 g /L Phytagel 
for 12 weeks (Scherwinski-Pereira et al. 2010.

Very few reports have till now suggested methods to develop 
somatic embryo directly or in directly. Successful somatic 
embryo formation can be carried out by nodal explants cul-
tured in different concentrations of 2-isopentenyl-adenine (2-iP) 
and benzylaminopurine (BAP) in combination with naphthale-
neacetic acid (NAA) which permitted callus induction. A. sac-
cata and A. cathcartii low concentrations of NAA positively 
influenced somatic embryo development, and there has been 
88.3–96.6% success rate of regeneration of shoot from explants 
(Sarma and Tanti 2017b). A. indicus-directed callus induction 
up to 90% in 1:2 of NAA and BAP, respectively (Siddique et al. 
2006). It was also observed in some cases cytokinin (Kinetin, 
BAP) and auxin (NAA, IAA) can be used in 1:2 ratio.

Synthetic seed production

Artificial seeds usually harbour the somatic embryo or 
explants from mother plant and are an excellent alternative 

to zygotic embryos as well as conventional plant breeding 
techniques. Plant species which have a drawback in terms of 
seed viability, inconvenience faced in vegetative propagation 
and storage can successfully propagate via synthetic seeds 
(Rihan et al. 2017). They help in the formation of multiple 
clones of the target plant thus preserving their genetical iden-
tity. To develop an efficient protocol for the production of the 
synthetic seeds of Rhinacanthus nasutus for their faster mul-
tiplication and isolation of Rhinacanthin-C, Rhinacanthin-D 
and Rhinacanthin-N, young healthy cotyledon explants were 
grown on MS medium supplemented with 4 mg/L 2, 4-D 
and 0.5 mg/L IBA to develop an embryonic callus. Those 
calluses are further cultured for 45 days in half-strength 
MS medium supplemented with 4.0 mg/L indole-3-butyric 
acid (IBA) to produce several somatic embryos. Somatic 
embryos at the torpedo stage were suspended in a matrix 
of MS medium supplemented with sodium alginate (3% 
W/V), and then dropped into the 100 mM calcium chloride 
(CaCl2·2H2O) solution to generate the synthetic seeds. The 
optimum growth ability of the synthetic seed was evalu-
ated on MS medium with 0.2 mg/L gibberellic acid (GA3) 
(Cheruvathur et al. 2013).

Remya et al. (2013) proposed a protocol for developing 
artificial seeds in commercially important plant A. tagala. 
In vitro shoot and nodal explants cultured in MS media were 
allowed to form the bead like seeds using different concen-
trations of sodium alginate and 1% CaCl2. Most appropri-
ate results were obtained at an intermediate concentration 
of sodium alginate, and maximum shoot formation was 
observed when these synthetic seeds were made to propa-
gate in MS media supplemented with 3 µM BAP and 0.5 µM 
KIN.

Acclimatization and hardening of plants

Acclimatization and hardening are indispensable in order to 
ensure high chances of survival of in vitro plantlets. Direct 
transfer of the in vitro plants to the field can be detrimental. 
In order to overcome this drawback, certain approaches have 
been made. Sarma and Tanti (2017a, b) reported in vitro 
grown plantlets could be hardened by 1% w/v bavistine and 
irrigation with 0.5 × MS inorganic salts consecutively for 
7 days. Acclimatization of plantlets was attained by exposing 
plantlets to aseptic culture room under controlled photoper-
iod and temperature for 2 weeks. Furthermore, the plantlets 
were exposed gradually to sunlight for acclimatization and 
were maintained in a garden. In A. bracteolata, 95% survival 
rate of in vitro plants were confirmed when acclimatized to 
soil, farmyard and garden soil manure in the ratio of 1:1:1 
(Sebastinraj and Sidique 2011). Survival rate of 80% has 
been reported in A. tagala by Remya et al. (2016) when 
plantlets were acclimatized with vermicute and soil mixture 
(1:1). A. indica was seen to exhibit approx. 95% survival rate 
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when in vitro plantlets were hardened with White media and 
vermicute and transferred to greenhouse conditions (Man-
jula et al. 1997). Biswas et al (2007) also confirmed 80% 
survival rate when in vitro plantlets were hardened and accli-
matized in plastic pots with 1:1 soil and manure. Survival 
rate of 100% of in vitro plants were noted when they were 
hardened with autoclaved soil, sand, soilrite and acclima-
tized by transferring to large pots, where soil and soilrite 
were in the ratio of 2:1 (Dey et al. 2020). Figure 3 presents 
various in vitro tools and biotechnological aspects for plant 
propagation, regeneration and flowering.

Biosynthesis and regulation of secondary 
metabolites

Aristolochia sp. is considered to be an essential plant owing to 
the wide range of pharmaceutically active secondary metab-
olites available in different parts of the plant. Terpenoids, 
steroids and phenolic compounds like lignans, coumarins; 

alkaloids like berberine, aristolochic acid, aristolactams, 
isoquinolines and benzylisoquinoline are major categories 
of components extracted from roots, leaves and stem (Kuo 
et al. 2012). β-Sitosterol and stigmasterol were two major 
steroids extracted from different plant parts of Aristolochia 
sp. Terpenoids are beneficial for its anti-inflammatory, anti-
bacterial, antiviral and antirheumatic effects and have neutral-
izing potency against haemorrhagic effect (Dey and De 2011). 
Aristolochic acid has antisnake venom properties, but recently 
some reports have highlighted carcinogenic and nephrotoxic 
effects (Dey et al. 2020).

Biosynthesis of terpenoids

Comprehensive study of the terpenoid content of Aristolochia 
sp. has demonstrated the prevalence of sesquiterpenoids, 
monoterpenoids and deterpenoids from the plant extracts. 
Among these, sesquiterpene hydrocarbons like ishwarane, 
ishwarone, aristolochene, ishwarol, aristolactone, cadinanes, 

a dcb
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Fig. 3   A. indica a Habit, b Flowers, c Fruits, d Seeds (source: Wiki-
media commons; Creative Commons Attribution-Share Alike 4.0 
International); e, f, g, h, i. In vitro shoot multiplication and in vitro 

indirect regeneration from callus; j, k In vitro flowering (e–k: Abhijit 
Dey’s own research photos)
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aristolanes, beta caryophyllene, germacranes and bicycloger-
macranes are present in considerable amounts. Pacheco et al. 
(2009) verified the presence of diterpenoid and its derivative 
compounds from Aristolochia sp. by isolating abundant kau-
rene, cledorane, labdane and assigned structures by 13C-NMR. 
Aristolin, another terpenoid isolated, was found to be an ester 
of aristolochic acid and a diterpenoident-kauran-16-β, 17-diol 
(Kuo et al. 2012). Preistap et al. (2002) confirmed sesquiter-
penes were more abundant, as compared to monoterpenes in 
leaves and stems. Ishwarone, the tricyclic precursor molecule 
of ishwarane, undergoes retrosynthetic removal of C8 resulting 
in the formation of octalone. Methylation of octalone resulted 
in the formation of decalone which in turn synthesized ish-
warane via tertiary alcohols and octalin.

Biosynthesis of alkaloids

Since aristolochic acids are usually derived from benzyliso-
quinolinealakoids (BIA), having clear knowledge of their 
biosynthetic pathway is of utmost importance, as this data 
would be indispensable for having clarity regarding biosyn-
thetic pathway of aristolochic acids. Cui et al. (2022) eluci-
dated the BIA synthesis pathway using Aristolochia contorta 
as experimental model by genome-wide analysis and tran-
scriptomic analysis. Tyrosine derivatives act as a precur-
sor molecule in the pathway along with dopamine and 4 
hydroxyphenylacetaldehyde which undergoes condensation 
in the presence of enzymes coded by NCS 70, 71 to form(S)-
norcoclaurine. This product is catalysed by enzymatic activ-
ity of 6 OMT, CNMT, NMCH 4′OMT 67, 72–76 to yield 
s-reticuline as intermediate product. S-reticulline ultimately 
is responsible for synthesis of alkaloids like berberine.

Sustainable production of secondary metabolites 
by in vitro techniques

Owing to high demand of pharmaceutically active secondary 
metabolites in the drug industry, sustainable in vitro produc-
tion of plants is becoming a necessity. One such instance is 
enhancing naturally low-calorie sweeteners (Steviol glyco-
sides) obtained from Stevia rebaudiana. After culturing the 
3-week-old in vitro plantlets on liquid woody plant medium 
(WPM) supplemented with 100  µM methyl jasmonate 
(MeJA) for 2 weeks, a 17-fold increase in stevioside pro-
duction has been observed in comparison to the control 
plant (plantlet is grown without any elicitors) (Bayraktar 
et al. 2018). Also, hairy roots of Nicotiana tabacum L. cv. 
Petit Havana SR1 do not produce geraniol naturally. But 
after the genetic manipulation to express a plastid-targeted 
geraniol synthase gene isolated from Valeriana officinalis 
L. (VoGES) mediated by Agrobacterium rhizogenes, it was 
observed that the hairy roots can produce geraniol ranging 
from 13.7 to 31.3 μg/g dry weight ( Ritala et al. 2014).

Massive exploitation of this perennial herb has eventu-
ally led to its classification as a critically endangered spe-
cies. This approach is an effective conservational technique 
which is the sole solution to the exuberant harvesting of 
Aristolochia sp. from Western Ghats and Assam where it is 
endemic to. As of now, there are limited reports with respect 
to in vitro production on account of less comprehensible 
findings regarding the metabolic pathways involved. Cer-
tain works have also supported the fact that growth culture 
conditions and presence or absence of phytohormones pre-
cisely regulated the synthesis of secondary metabolites from 
explants.

Remya et al. (2016) reported the extraction of ishwarane, 
a tetracyclic sesquiterpene from in vitro plant leaves devel-
oped from apical bud explants. This particular method of 
in vitro regeneration of plantlets also confirmed the isola-
tion of phenols, flavonoids, terpenoids and fatty acids in a 
sustainable quantity. Leaf-derived callus failed to report the 
absence of ishwarane but confirmed the presence of cer-
tain bioactive compounds unique to this in vitro approach. 
Alkaloid berberine was successfully isolated by Remya et al. 
(2016) by both in vitro techniques.

It is evident from many reports how culture media 
enriched with plant growth regulators, secondary metabo-
lites can implement in vitro shooting, rooting, callus induc-
tion and multiplication. They are capable enough to simul-
taneously upgrade the synthesis of bioactive metabolites in 
in vitro plants. Dey et al. (2020) validated in vitro regenera-
tion of A. indica to isolate aristolochic acid and analysed its 
endogenous level in in vitro shoots and roots. In this species 
of Aristolochia sp., nodal explant and apical shoot buds were 
cultured in SH media and were enriched with varying con-
centrations of polyamines (0.5 mM–1 mM) like putrescine, 
spermidine, spermine along with plant growth regulators 
auxin (IAA — 1.5 mg/L, IBA —1 mg/L) and cytokinin (KIN 
— 2 mg/L, BAP — 1.5 mg/L) to induce calli, direct shoot 
organogenesis and multiplied axillary shoot formation. Their 
HPLC study of the metabolite from in vitro regenerated 
plant extracts as well as mother plant illuminated the fact 
that aristolochic acid was higher in in vitro roots than plants 
grown under natural field conditions thus corroborating the 
pivotal role of polyamines in augmenting the concentration 
of aristolochic acid in combination with phytohormones.

Conclusions and future prospective

To combat the increasing demands of Aristolochia phyto-
chemicals, sustainable conservational strategies are needed 
to be implemented. Several biotechnological interventions 
are already being performed to preserve the germplasms 
and produce economically important phytochemicals of 
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these genera. Studies elucidating the use of different mark-
ers (morphological, biochemical, molecular) to identify and 
assess variability among several species of Aristolochia are 
of prime use. This review is a small effort to gather the exist-
ing information and state the knowledge gaps for future 
works.
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More than a half-century has passed since it was discovered that phytohormone

cytokinin (CK) is essential to drive cytokinesis and proliferation in plant tissue

culture. Thereafter, cytokinin has emerged as the primary regulator of the plant

cell cycle and numerous developmental processes. Lately, a growing body of

evidence suggests that cytokinin has a role in mitigating both abiotic and biotic

stress. Cytokinin is essential to defend plants against excessive light exposure

and a unique kind of abiotic stress generated by an altered photoperiod.

Secondly, cytokinin also exhibits multi-stress resilience under changing

environments. Furthermore, cytokinin homeostasis is also affected by several

forms of stress. Therefore, the diverse roles of cytokinin in reaction to stress, as

well as its interactions with other hormones, are discussed in detail. When it

comes to agriculture, understanding the functioning processes of cytokinins

under changing environmental conditions can assist in utilizing the
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phytohormone, to increase productivity. Through this review, we briefly

describe the biological role of cytokinin in enhancing the performance of

plants growth under abiotic challenges as well as the probable mechanisms

underpinning cytokinin-induced stress tolerance. In addition, the article lays

forth a strategy for using biotechnological tools tomodify genes in the cytokinin

pathway to engineer abiotic stress tolerance in plants. The information

presented here will assist in better understanding the function of cytokinin in

plants and their effective investigation in the cropping system.

KEYWORDS

cytokinin (CK), CK metabolic genes, CK signaling genes, abiotic stress, crop resilience,
genome editing

Challenging environmental factors
and cytokinin

Climate change and rapid population growth pose enormous

hurdles to achieving food security, which remains a primary concern

for all stakeholders and governments (Muluneh, 2021; Dasgupta and

Robinson, 2022). Feeding the rapidly expanding global population,

which is anticipated to exceed 10 billion people by 2050 and needs

49% additional food, is a major challenge (Ahmar et al., 2020). There

are already 820 million people in the world who are chronically

undernourished, and thisfigure is expected to rise sharply in the future

years, further compromising global food security (FAOSTAT, 2020).

In addition, the hidden hunger is considerably worse today than it was

a decade ago in Africa, Western Asia, and other developing nations

(FAO et al., 2018). Furthermore, food production is being hampered

by unusual weather circumstances connected to environmental

degradation and rising land competition as a result of urbanization

(Lobell and Gourdji, 2012; Lenaerts et al., 2019). Climate change is

expected to raise the earth’s temperature, resulting in global warming,

irregular rain patterns, and the intensification of various abiotic and

biotic pressures, all of which significantly reduce agricultural yields

(Raza et al., 2019). In the future, changing climate is expected to

become more prevalent and aggravate different stress, posing major

concerns to agricultural yield (Ray et al., 2013). In order to ensure

sustainable agricultural production in the face of changing climatic

and growing population, yearly crop yieldsmust be increased (Tilman

et al., 2011; Ray et al., 2013). Therefore, to address these multi-

dimensional challenges, agricultural production systems must

undergo a significant transition (Lenaerts et al., 2019). Sustainable

agricultural production may be aided by the use of sustainable

resources to boost crop yield per unit area and the effective usage

of fertilizer and water. In order to alleviate the hidden and chronic

hunger, economic development is essential, but it may not be

sufficient to eradicate hunger (Lenaerts and Demont 2021). For

thousands of years, plant breeding has been one of the most

important strategies to fulfil people’s food needs via crop

domestication (Ahmar et al., 2020).

Cytokinins are family of adenine-derived phytohormones

characterised by the presence of an aromatic chain or

isoprenoid at the N6 position of their adenine moiety (Mok and

Mok, 2001). Cytokinins are typically defined as growth-promoting

hormones, despite the fact that diverse substance with cytokinin

action have been found to regulate wide range of developmental

and physiological processes in plants. In the 1950s, Miller and

Skoog identified the first cytokinin, kinetin, whichwas classified as a

plant-derived molecule that accelerated cell division (Miller et al.,

1956). A further investigation found that kinetin, in conjunction

with auxin, was important for stimulating organ development and

cell division in undifferentiated cells culture (Skoog and Miller,

1957). Despite the fact that the cytokinin study began in the mid-

1900s, it is an ancient hormone, having emerged as one of the

earliest hormones in photosynthetically competent organisms

(Wang et al., 2015). According to evolutionary research, the

genetic sequences that are orthologs to known components of

the cytokinin signaling pathway may be found in the common

ancestor of all land plants, charophytes (Wang et al., 2015). These

findings indicate that cytokinin had a function in plants as far back

as 450million years. In addition, cytokinins are recognized for their

role in plant growth, development, senescence delay, and

modulation of biotic and abiotic stress tolerance (Kieber and

Schaller, 2018; Cortleven et al., 2019).

Changes in chemoattractant, temperature, nutrient content,

and osmotic conditions all activate cytokinin signaling cascades,

which are evolutionarily connected to the two-component systems

in unicellular organisms that engage in signal transduction

(Hwang et al., 2002; Wolanin et al., 2002). Cytokinins perform

critical and multifaceted functions in plant development and

abiotic stress responses (Ha et al., 2012; Hwang et al., 2012;

Zwack and Rashotte, 2015). Several research have shown that

cytokinins have both positive and negative impacts on stress

tolerance or resistance (Ghanem et al., 2008; Nishiyama et al.,

2011). Plants, on the other hand,may experience both a short-term

and long-term rise in cytokinin levels when they are exposed to

extreme stress conditions (Alvarez et al., 2008; Dobra et al., 2010).

For instance, cytokinin synthesis IPT genes (adenosine phosphate

isopentenyl transferases) are up-regulated upon salt (NaCl)

treatment, and a mutation in cytokinin biosynthesis leads to a

robust salt-tolerant phenotype (Nishiyama et al., 2011). The

impact of exogenous cytokinin administration on abiotic stress

tolerance have been the subject of several investigations. Triticum
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aestivum (wheat) seedlings that receive exogenous cytokinins

application are more tolerant to salt stress, whereas a similar

treatment on Phaseolus vulgaris (beans) result in more

susceptible phenotype to the salt stress (Kirkham et al., 1974;

Abdullah and Ahmad, 1990). Furthermore, Arabidopsis plants

displayed enhanced ability to survivie freezing or dehydration after

being treated with endogenous cytokinin (Jones et al., 2010; Kang

et al., 2012).

Transgenic plants that overexpress cytokinin biosynthesis

genes (IPTs) or cytokinin degradation genes (CKXs)

demonstrate the impact of altered endogenous cytokinin levels.

More importantly, the overproduction of endogenous cytokinin

enhances drought stress tolerance in many plants. However,

reduced cytokinin levels, on the other hand, have a positive

impact on drought tolerance (Werner et al., 2010; Qin et al.,

2011; Macková et al., 2013; Li et al., 2021). Additionally, the

cytokinin signaling components play a significant role in abiotic

stress tolerance. For example, Arabidopsis AHK1, a histidine

kinase 1 involved in cytokinin signaling, acts as a positive

regulator of salt and drought stress responses. Furthermore, the

loss-of-function mutant phenotype in ahk2, ahk3, and ahk2 ahk3

in Arabidopsis is associated with increased tolerance to salt and

drought stress (Wohlbach et al., 2008; Kumar et al., 2013). Drought

stress responses are negatively and redundantly regulated by AHPs

(histidine phosphotransfer proteins) (Hwang et al., 2012;

Nishiyama et al., 2013). However, in salt stress resistance

phenotype in Arabidopsis was discovered while researching the

quadruple loss-of-functionmutant arr3arr4arr5arr6 (Mason et al.,

2010). These early finding indicated that cytokinin metabolism

and signaling genes play an important role in responding to diverse

environmental stress conditions.

Cytokinin, on the other hand, cannot reduce abiotic stress on its

own; instead, it functions in conjunction with other signaling

pathways (Antoniadi et al., 2020; Li et al., 2021). There is a wealth

of information available on the function of cytokinin and its

interactions with other phytohormones when plants are exposed to

abiotic stress. So, this review exemplifies the regulatory role of

cytokinin in abiotic stress tolerance and activation of possible

novel crosstalk with other key stress phytohormones. In this

review, we provide an inclusive overview of the advancement of

genetic approaches in dissecting the function of cytokinin signaling

components in regulating stress tolerance in plants under challenging

environments stress, followed by brief insights into future approaches.

Plant mechanisms for sensing and
response to abiotic stress

At the cellular level, several abiotic stressors such as

drought, heat, cold, and salt may produce common cell

disruptions and secondary stress such as membrane

damage, reactive oxygen species (ROS) production and

damage, protein denaturation, and osmotic stress

(Figure 1). In general, the initial step in the stress response

is perception, which is followed by the transmission of

information through secondary messengers to regulators

and, eventually, to effectors, which are responsible for the

protective function. A sensor is a biological molecule that may

detect an unfavourable change in its surrounding

environment and immediately elicit a reaction by triggering

the production of signal molecules inside the plant system. In

general, receptors or membrane-associated proteins pick up

on stresses, which causes an ionic imbalance across the

membrane. Stresses caused by drought, heat, cold, and salt

all induce an increase in the quantity of Ca2+ (signal

molecules) that enters the cytoplasm of the cell from either

its own reserves or an apoplastic source. One form of sensor

for the stress signals is thought to be the passages that govern

Ca2+ entrance (Aftab et al., 2021; Javaid et al., 2022; Paes de

Melo et al., 2022). Other than Ca2+, ROS and nitric oxide (NO)

are other messenger molecules involved in inducing plant

response to cold stress. Plants generate ROS such as

superoxide (O2), hydroxyl radicals (OH), and hydrogen

peroxide (H2O2) in order to defend themselves against the

diverse stress that they are exposed (He et al., 2018). In

receptor-like kinases (RLKs), there is an extracellular

domain, a transmembrane domain, and an intracellular

kinase domain. The extracellular domain is where ligands

bind, and the transmembrane domain is where protein-

protein interactions take place (Ku et al., 2018). The

histidine residue in the intracellular kinase domain is auto-

phosphorylated when the ligand or signal binds to the

extracellular domain, and the phosphoryl moiety is

received by the aspartate receiver section of the sensor

protein or a different protein (Yadav et al., 2021). After

then, the activated sensor protein (or proteins) may either

directly phosphorylate particular targets or trigger cellular

responses that are unique to the signal that was received via

the mitogen-activated protein kinase (MAPK) cascade.

Protein phosphorylation and dephosphorylation, which are

both forms of the intracellular signaling mode, govern a

broad variety of cellular functions, including the activation

of enzymes, assembly of macromolecules, localization of

proteins, and their breakdown (Yadav et al., 2021). Plants

are able to detect when they are being subjected to abiotic

stress, which triggers a series of signaling cascades that

activate ion channels, kinase cascades, the formation of

ROS, and the accumulation of plant hormones, which

ultimately leads to the induction of the expression of

specific subsets of genes that are responsible combating the

abiotic stress (Ku et al., 2018; Zandalinas et al., 2020). If the

plant’s stress-coping systems are ineffective in reducing the

negative consequences of stress, mostly due to ROS

accumulation, the cells activate environmental-triggered

cell death processes, which include the plant’s senescence

(Zandalinas et al., 2020).
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Cytokinin in plant development and
stress adaptation

Cytokinins are a family of plant hormones that are fundamental

to a variety of growth and development processes (Pavlů et al., 2018).

Cytokinins have been widely investigated for their metabolism, signal

transduction pathway, chemical composition, and their role in plant

growth and development, since their discovery in Zea mays (maize)

seeds over 50 years ago (Figure 2). Inhibition of lateral root initiation,

regulation of cell division, differentiation ofmetaxylem and phloem in

roots, photomorphogenic cell differentiation in shoots and expanding

leaves and inhibition or delaying of leaf senescence are all-important

regulatory activity of cytokinins at the tissue and organ levels (Bielach

et al., 2012; Chiang et al., 2012; Efroni et al., 2013; Zwack et al., 2015).

Adenine derivatives with aromatic side chains or isoprenoid

make up the endogenous cytokinin. Isoprenoid cytokinin, which is

abundant in nature, may be classified as trans-zeatin (tZ)-,

isopentenyladenine (iP)-, cis-zeatin (cZ)-, or dihydrozeatin

(DHZ)-type derivatives based on the side chain hydroxylation

or reduction. In comparison, aromatic cytokinins, such as N6-

(meta-hydroxybenzyl) adenine (BA), are less abundant in plants

(Faiss et al., 1997). The isoprenoid cytokinins vary from one

another in terms of their biological roles, metabolic

conversions, biochemical characteristics, and transportability

throughout the plant system (Pavlů et al., 2018). Cytokinin

homeostasis is maintained by a number of enzymes engaged in

cytokinin metabolism, including those involved in cytokinin

production, inter-conversion between cytokinin types, and

cytokinin degradation (Thu et al., 2017; Skalak et al., 2021).

The role of a wide variety of genes and enzymes, along with

the composed metabolic network controlled by cytokinins across

the plant kingdom, has been thoroughly investigated (Zwack et al.,

2015; Pavlů et al., 2018). The phospho-relay cascades of the two-

component system (TCS) are established and lead to the

expression regulation of specific genes involved in plant

adaptation when the cytokinin signaling pathway is triggered by

FIGURE 1
A simplified schematic representation of mechanism through which plant responses to diverse abiotic stress. The general signaling pathways in
plants that are activated in response to abiotic stress, beginning with signal perception and leading to the stress responses. Cold, drought, light,
nutrient and salinity frequently induce cellular damage and secondary osmotic and oxidative stress. Following upstream signaling processes and
transcriptional controls activate stress-responsive mechanisms in order to restore cellular homeostasis and protect and repair damaged
proteins and membranes after the initial stress signals (e.g., changes in temperature or osmotic and ionic effects or membrane fluidity). ABF, ABA
responsive element (ABRE) binding factor; AP2/ERF, Apetala2/Ethylene Responsive Factor; bZIP, basic leucine zipper transcription factor; CAT,
catalase; CBF/DREB, C-repeat-binding factor/dehydration-responsive-binding protein; CDPK, calcium-dependent protein kinase; COR, cold-
responsive protein; HK1, histidine kinase-1; Hsp, heat-shock protein; ICE1, inducer of CBF expression 1; LEA, late embryogenesis abundant; MAP,
mitogen-activated protein; PLD, phospholipase D; PX, peroxidase; ROS, reactive oxygen species; SOD, superoxide dismutase; and SP1, stable
protein 1.
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various environmental stimuli, like nutrition levels, changes in

temperature, and osmotic conditions (Thu et al., 2017; Pavlů et al.,

2018). Most recently, it was shown that cytokinin interacts with

jasmonates (JAs), ethylene (ET), salicylic acid (SA), and abscisic

acid (ABA), showing the presence of an interconnected

coordinating network among the phytohormones involved in

plant stress tolerance (Efroni et al., 2013; Thu et al., 2017;

Artner and Benkova, 2019; Antoniadi et al., 2020; Skalak et al.,

2021). Additionally, it is well established that cytokinin

biosynthesis and signalling components operate as constitutive

signals defining the plant response to drought stress and

controlling drought acclimatization. Because of their

spatiotemporal expression, rapid responses, and widely

associated pathways, cytokinins are an ideal candidate for

regulating complicated morphogenetic processes under water

stress. We will highlight the importance of plant cytokinins and

their regulation under abiotic stress in this review and will offer an

approach to understanding the function and regulation of

cytokinins in plants.

Role of cytokinin in plant response
and regulation to abiotic stress

Multiple aspects of plant growth and development are

regulated by the phytohormone cytokinin. A significant

number of mutants have been created in the cytokinin

signaling pathway, biosynthesis, and breakdown processes,

which has resulted in the rapid advancement in the field of

cytokinin (Li et al., 2021; Prasad, 2022). According to research,

cytokinins are important signaling molecules that trigger a range

of plant stress responses. Moreover, abiotic stress has a direct

effect on cytokinin transport, responses, and concentrations.

Table 1 summarizes the genes from cytokinin pathways

investigated so far that react to various abiotic stresses, in

addition to their involvement in stress tolerance. We focused

on nutrient, light, heat, drought, cold, and salt stress in this

review to highlight the function of cytokinin in abiotic stress

response and it is potential to increase abiotic stress tolerance

(Figure 3).

Nutrient deficiency stress

Stress caused by nutrient deficiency in the soil triggers a

number of reactions, all of which include cytokinin at varying

levels (Pavlů et al., 2018). Root system architecture (RSA) is

modified by the nutrients availability, and cytokinin is one of

the important components that regulate RSA in response to

availability of nutritional signals (Kroevoets et al., 2016).

Nutritional signals affect the transcript levels of cytokinin

metabolism and signaling genes, which are both implicated

in regulating RSA (Bielach et al., 2012; Ramireddy et al., 2014;

Chang et al., 2015; Pavlů et al., 2018). Cytokinin modulates the

FIGURE 2
Cytokinin timeline: from discovery to crop plant application. A chronology of significant advancements in cytokinin research. Abbreviation:
CKXs, CK oxidases/dehydrogenases; RRs, cytokinin response regulators; IPTs, isopentenyl transferases; HK, histidine kinas.
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TABLE 1 A summary of genetic research aimed at elucidating the function of cytokinin in the response to abiotic stress.

S.
No

Plant
species

Target
genes

Expression under
stress conditions

Genetic approach Significant outcome Reference

Cytokinin biosynthesis

1 Solanum
lycopersicum

SlIPT3 Strongly repressed in roots under
salt stress

35S:SlIPT3 Improved tolerance to salinity Žižková et al. (2015)

2 Arabidopsis
thaliana

IPT3 ipt3 Žižková et al. (2015)

3 S. lycopersicum SlIPT4 Strongly repressed in roots under
salt stress

Žižková et al. (2015)

4 A. thaliana IPT8 ER:IPT8, estradiol-
inducible

Reduce plant tolerance under salt and
osmotic stress

Wang et al. (2015)

5 A. thaliana IPT1;
IPT3 IPT5; IPT7

ipt1 ipt3 ipt5 ipt7 Increased resistance to salt stress,
drought stress

Nishiyama et al.
(2011)

6 A. thaliana CKX1 bGLU:CKX1 in barley Increased resistance to drought stress Pospíšilová et al.
(2016)

7 O. sativa OsCKX2 OsCKX2-RNAi Increased resistance to salinity stress Joshi et al. (2017)

8 O. sativa OsLOG Downregulated by cold, drought
and salt stress

Tripathi et al. (2012)

Cytokinin homeostasis

9 A. thaliana UGT76C2 Downregulated by osmotic stress
and drought stresses

35S:UGT76C2 Tolerant to drought stress as adult
plants

Li et al. (2015)

10 A. thaliana UGT76C2 ugt76c2 More sensitive to drought stress Li et al. (2015)

Cytokinin signaling

11 A. thaliana AHK1 Induced by dehydration AHK1 overexpressor Tolerant to drought stress Liu et al. (2008)

12 A. thaliana AHK2 Downregulated by salt Buer et al. (2004)

13 A. thaliana AHK2 Induced by dehydration ahk2 Increased survival to drought after
rewatering, increased survival upon
salt stress

Liu et al., 2008;
Argyros et al., 2008

14 A. thaliana AHK2 ahk2-2 Hypersensitive to salt stress in terms
of root growth and fresh weight

Zürcher et al. (2016)

15 A. thaliana AHK3 Induced by hydration, high
salinity and cold stress (3-week-
old plants)

ahk3 Drought and salinity tolerant Liu et al. (2008)

16 A. thaliana AHK3 Not responsive to cold (11-day-old
seedlings)

ahk3 Enhanced drought tolerance Argyros et al., 2008;
Tran et al., 2007

17 A. thaliana AHK3 ahk3-3 Increased root elongation after
transfer to low water potential media

Zürcher et al. (2016)

18 A. thaliana AHK2 AHK3 ahk2 ahk3 More tolerant to drought and salt
than single

Liu et al. (2008)

19 A. thaliana AHK2 AHK3 ahk2 ahk3 Enhanced cold tolerance Argyros et al. (2008)

AHK3 AHK4 ahk3 ahk4

20 A. thaliana AHK4 Induced by dehydration Liu et al. (2008)

21 O. sativa OsAHP1 OsAHP-RNAi Hypersensitive to salt treatment but
resistant to osmotic stress

Jeon et al. (2013)

22 A. thaliana AHP2 Downregulated by dehydration ahp2 ahp3 ahp5 Strong drought-tolerant phenotype Jeon et al. (2010)

23 O. sativa OsAHP2 OsAHP-RNAi Hypersensitive to salt treatment but
resistant to osmotic stress

Jeon et al. (2013)

24 A. thaliana AHP3 Downregulated by dehydration ahp2 ahp3 ahp5 Strong drought-tolerant phenotype Jeon et al. (2010)

(Continued on following page)
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expression of various transporter genes as well as the

development of passage cells, which affects the plant’s

capacity to absorb nutrients (Werner et al., 2010; Andersen

et al., 2018). As a result, cytokinin governs physiological and

morphological adaptive responses to nutritional stress to

survive. Furthermore, a study of the phosphate deprivation

response in Arabidopsis thaliana mutants found that cytokinin

signaling is essential for a significant response to decrease

phosphate availability. This was the first study to

demonstrate a specialized function for cytokinin signalling in

nutritional sensing. (Franco-Zorrilla et al., 2002; Franco-

Zorrilla, Martín et al., 2005). Sulfate transporter genes are

suppressed by cytokinin, which is a negative regulator of

sulphur acquisition (Maruyama-Nakashita et al., 2004).

Cytokinin also inhibits genes involved in iron absorption

and iron homeostasis (Séguéla et al., 2008). Cytokinin

controls sodium (Na) build up through the sodium

transporter gene HKT1;1 as previously stated (Mason et al.,

2010). Low potassium levels or an artificially reduced cytokinin

status resulted in upregulation of the high-affinity K+ transporter

gene HAK5, promotes root hair development, and accelerates

ROS accumulation, indicating that cytokinin plays a role in

responding to low potassium availability (Nam et al., 2012).

However, another micronutrient, boron (B), was reported in

Brassica napus seedlings to be linked to enhanced cytokinin

content, which was thought to be a prerequisite for a different

growth response (Eggert and vonWirén, 2017). Cytokinin is a key

regulator in plant arsenic (As) stress adaptation (Mohan et al.,

2016). Reduced cytokinin status was shown to make A. thaliana

plants more resistant to arsenate, which is the most prevalent

form of arsenic (As). Cytokinin deficit boosted the expression of

As (V)/phosphate transporter genes and arsenate stress tolerance

machinery, resulting in the aggregation of complexing agents

(Mohan et al., 2016).

TABLE 1 (Continued) A summary of genetic research aimed at elucidating the function of cytokinin in the response to abiotic stress.

S.
No

Plant
species

Target
genes

Expression under
stress conditions

Genetic approach Significant outcome Reference

25 A. thaliana AHP5 Downregulated by dehydration ahp2 ahp3 ahp5 Strong drought-tolerant phenotype Jeon et al. (2013)

A. thaliana ahp2 ahp3 ahp5 Reduced type A ARR expression in
response to cold

Sakai et al. (1998)

26 A. thaliana ARR1 35S:ARR1 Hypersensitive cold response of type
A ARRs as well as enhanced cold
tolerance

Sakai et al. (1998)

27 A. thaliana ARR5 Induced by cold, salinity and
dehydration

Ha et al., 2013; Sakai
et al., 2000ARR6

28 A. thaliana ARR7 Induced by cold, salinity and
dehydration

35S:ARR7 Hypersensitive response to cold
temperatures

Ha et al., 2013,
Argyros et al., 2008

29 A. thaliana ARR9 Weak and early induction by cold,
downregulated by heat

Skalák et al., 2016;
Ha et al., 2013ARR10

30 A. thaliana ARR12 Downregulated by heat stress arr1 arr12 Less sensitive to salt stress Skalák et al., 2016;
Kang et al., 2013

31 A. thaliana ARR15 Induced by cold, salinity and
dehydration

Ha et al., 2013; Sakai
et al., 2000

32 A. thaliana ARR22 Weak and late induction by cold,
induced by drought

Ha et al., 2013; Sakai
et al., 2000

Cytokinin response

33 S. lycopersicum SlCRF1 Induced by cold in leaves and
roots, repressed by heat in roots

Brenner et al. (2012)

34 S. lycopersicum SlCRF1 Slightly reduced in leaves and
strongly decreased in roots by
drought

Brenner et al. (2012)

35 S. lycopersicum SlCRF2 Induced by H2O2 treatment only
in roots

Brenner et al. (2012)

36 A. thaliana CRF4 Strongly induced in both root and
shoot tissues by cold

35S:CRF4 Tolerant to cold treatment Kang et al. (2012)

37 A. thaliana CRF4 crf4 Sensitive to cold treatment Kang et al. (2012)

38 A. thaliana CRF6 Induced by heat shock, oxidative
(H2O2) and salt stress

Reguera et al., 2013
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Higher cytokinin levels, on the other hand, induced tolerance

to another soil pollutant, selenium (Se) (Lehotai et al., 2012).

Subsequently these findings imply that cytokinin has a role in the

regulation of As and Se stress adaption. Cytokinins capacity to

regulate plant development in response to nutrient stress was

demonstrated in recent research on the role of cytokinin in

signaling the availability of nitrogen (N) from the roots to the

shoots (Landrein et al., 2018; Poitout et al., 2018). The expression

of a GFP reporter gene under the control of WUS promoter, that

governs the expression of a key regulator of shoot apical

meristem (SAM) activity, was measured using quantitative

microscopy (Landrein et al., 2018). The analysis of reporter

gene activation in the context of cytokinin metabolism

mutants indicated that IPTs were necessary for de novo

synthesizes of cytokinin in response to changed N supply in

the soil. Increases in soil N content consistently enhances the

concentration of tZR, which is the primary cytokinin transport

form. The reaction of the pWUS::GFP reporter gene to changing

N availability happened quickly in the SAM, occurring within

24 h. Notably, grafting experiments between WT and cytokinin

mutant plants demonstrated that while precursors to active

cytokinins can be synthesized in the root (or elsewhere in the

plant), the reporter gene response dependents solely on the

ability of the shoot to form active cytokinins, presumably via

LOG enzymes in the SAM (Chickarmane et al., 2012). Many

studies have identified WUS as a primary target gene of RRBs

(type-B response regulator proteins), suggesting a shorter

signalling channel in the responsive meristem, which is

consistent with cytokinin working via altering WUS activity

(Dai et al., 2017). Poitout et al. (2018) determined that the

ABCG14 transporter plays a critical role in the export of

nitrate-induced cytokinin from roots, based on the fact that

its mutation affected systemic N (nitrogen) signalling.

Furthermore, they discovered a significant transcriptional

reprogramming in shoots mediated by root-derived cytokinin,

indicating that the hormone has functions beyond regulating

SAM activity (Poitout et al., 2018). NLP transcription factors

(TF), which act as positive regulators of CYP735A and IPT gene

expression, are involved in the increase of cytokinin levels in the

root in response to changes in nitrate availability. On the other

hand, NIGT1 TF, which are also positively regulated by NLPs, act

as negative regulators of CYP735A and IPT gene expression.

(Maeda et al., 2018). The perennial grass Lolium perenne (Guo

et al., 2017) produced results showing a role for cytokinin as a

systemic N signal, implying that the function is evolutionarily

conserved (Guo et al., 2017). Overall, it has been shown that

cytokinin production in the root and translocation to the shoot

contains significant information about soil conditions,

particularly N availability, to the shoot, allowing the latter to

control its own activity.

Light stress

In addition to supplying energy for photosynthesis, light

transmits information about the time of day and season, and it

has an impact on the direction in which plants are growing.

Excessive or insufficient light stress plants and new research

FIGURE 3
Cytokinins function in plant development and abiotic stress. Schematic illustration of cytokinin as a signaling molecule that regulates key plant
developmental processes and its response to various abiotic stress.
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indicates that an altered day/night cycle may also stress plants

(Bhaskar et al., 2021; Li et al., 2021). The response to these

pressures involves cytokinin at several levels, which will be briefly

summarized in the sections that follows. Even though

photosynthesis needs light, too much light can harm the

photosynthetic apparatus as well as other parts of the cell.

To prevent being stressed by too much light (high light stress),

plants have evolved a number of defensive mechanisms,

including the cyclic electron transport, disposal of excess

light energy as heat, and light avoidance motions of

chloroplasts and leaves (Takahashi and Badger, 2011).

However, even with these protective mechanisms, exposure

to excessive levels of light may induce an over reduction of

the photosynthetic electron transport chain, resulting in

photoinhibition, which reduces the efficiency of

photosynthesis (Yamamoto, 2016). In particular, protein D1,

which is a component of the reaction centre of photosystem II

(PSII), is one of the most often affected by UV radiation

(Edelman and Mattoo, 2008). Reduced cytokinin status

resulted in lower photoprotection and increased

photoinhibition in plants, owing to a significant fall in the

D1 level (Cortleven et al., 2014). Additionally, due to

inadequate D1 repair, cytokinin-deficient plants had a

reduced ability to recover from photoinhibition after high

light stress. Plants antioxidant capacity was also lowered as a

result of a lack of cytokinin. Thus, multiple photoprotective

systems were disrupted in cytokinin-deficient plants,

demonstrating that the hormone is required for plants to

survive under conditions of extreme light stress. Arabidopsis

histidine kinases 3 (AHK3) and, to a lesser degree, AHK2, and

the type-B RRs, Arabidopsis Response Regulators1 (ARR1) and

ARR12 were shown to be involved in the regulation of cytokinin

activity (Cortleven et al., 2014). Additional evidence supports a

protective role for cytokinin in the photosynthetic machinery

under conditions of intense light (Cortleven and Schmülling,

2015). For example, cytokinin increases the antioxidant-based

TABLE 2 A list of CK signaling genes involved in the development of abiotic stress-tolerant plants.

S.
No.

Gene Response to
stress

Host plant Genetic engineering
approach

References

1 ARR1 ↑Heat tolerance Arabidopsis thaliana Constitutive overexpression Karunadasa et al.
(2022)

2 TaIPT8 ↑Drought tolerance Wheat (Triticum aestivum) CRISPR/Cas9-based gene editing and
constitutive overexpression

Wang et al. (2022)

3 IPT ↑Salt tolerance Nicotiana tabacum Stress-inducible senescence overexpression Avni et al. (2020)

4 OsERA1 ↑Drought tolerance Rice (Oryza sativa) CRISPR/Cas9 Ogata et al. (2020)

5 IPT ↑Drought tolerance Creeping bentgrass (Agrostis
stolonifera)

Stress-inducible overexpression Xu et al. (2017)

6 CKX1 ↑Drought tolerance Barley (Hordeum vulgare) Constitutive overexpression Pospíšilová et al.
(2016)

7 CKX1 ↑Drought tolerance N. tabacum Constitutive overexpression Lubovská et al.
(2014)

8 IPT ↑Zinc tolerance, ↓leaf
senescence

N. tabacum Senescence-inducible overexpression Pavlíková et al.
(2014)

9 AHP2, AHP3, AHP5 ↑Drought tolerance A. thaliana Knockout Nishiyama et al.
(2013)

10 ARR22 ↑Drought, ↑cold tolerance A. thaliana Constitutive overexpression Kang et al. (2013)

11 IPT ↑Drought tolerance, ↓leaf
senescence

Cotton (Gossypium hirsutum) Senescence-inducible overexpression Kuppu et al. (2013)

12 IPT ↑Cold tolerance, ↓leaf
senescence

Saccharum spp. Stress-inducible overexpression Belintani et al. (2012)

13 IPT ↑Salt tolerance, ↓leaf
senescence

N. tabacum Stress-inducible overexpression Qiu et al. (2012)

14 IPT ↑Salt tolerance, ↓leaf
senescence

Cotton (G. hirsutum) Senescence-inducible overexpression Liu et al. (2012)

15 AHK2, AHK3 ↑Drought, ↑cold, ↑salt
tolerance

A. thaliana Knockout Kang et al. (2012)

16 CKX1, CKX2, CKX3,
CKX4

↑Drought, ↑salt tolerance A. thaliana Constitutive overexpression Nishiyama et al.
(2011)

17 IPT1, 3, 5, 7 ↑Drought, ↑salt tolerance A. thaliana Knockout Nishiyama et al.
(2011)

↑: Increase, ↓: Decrease.
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protection in chloroplasts, leading to an increase in the

chloroplast’s lifespan (Procházková et al., 2008).

Furthermore, because of the activation of the PSARK::IPT

gene, drought-stressed transgenic N. tabacum plants

produced more CK and enhanced CO2 respiration,

indicating that photosynthetic activities were well protected

(Rivero et al., 2009). In comparison, another study reported that

inhibiting cytokinin signaling in A. thaliana by mutating the

AHK2 and AHK3 receptor genes showed an increased

photooxidative stress tolerance under water deficiency

circumstances (Danilova et al., 2014).

In addition, plants that have evolved unique response

systems may be severely affected by a lack of light. In A.

thaliana and N. tabacum, cytokinin is a key xylem-borne

signal for photosynthetic adaptation to canopy light gradients

(Boonman et al., 2009). Shade avoidance response is induced by

low light, and it is characterized by the stimulation of elongation

growth toward the light and the halt the growth of leaf in

response. The shade-dependent auxin-induced degradation of

cytokinin in developing leaf primordia is reliant on the CKX6

gene, which has been discovered to be crucial. An increase in

cytokinin degradation slowed leaf primordia development,

saving resources for hypocotyl extension growth (Carabelli

et al., 2007).

Light has the ability to transmit information about the time

of day and to control the circadian clock. A prolonged light

period has recently been revealed to generate stress symptoms

in A. thaliana plants during the following night, a condition

known as photoperiod stress (Nitschke et al., 2016; Nitschke

et al., 2017). Plants suffering from cytokinin deficiency were the

first to exhibit this phenotype, which could be described as

following a standard sequence of events. An extended light

period resulted in the induction of stress marker genes such as

BAP1 and ZAT12. Moreover, there is a significant increase in JA

level several hours after the start of the night; the next day, a

significant reduction in PSII maximum quantum efficiency (Fv/

Fm) resulted in visible lesion formation in the leaves. When

compared to cytokinin-deficient plants, WT plants displayed a

considerably milder stress response, demonstrating that

cytokinin plays a protective role. Cytokinin works primarily

through AHK3, ARR2, ARR10, and ARR12 and RRBs. After

photoperiodic stress, several clock mutants (e.g., cca1 lhy)

exhibited a significant stress response. Furthermore, stress

sensitive clock mutants and cytokinin deficient plants shared

a decreased expression or dysfunction of LHY and CCA1, two

critical regulators of the circadian clock, indicating that a

working clock is required to deal with photoperiod stress.

Despite the fact that this novel kind of abiotic stress is

ceased in natural settings, it is instructive regarding linkages

between cytokinin and stress pathways that have hitherto gone

unreported in the scientific community. It remains to be

discovered what these “mechanical linkages” natural

functions are.

Cold stress

As a result of the membrane system hardening in low

temperatures, cells become more vulnerable (Liu et al., 2016;

Prerostova et al., 2021). Cold stress causes a number of

physiological changes, including loss of membrane integrity,

an imbalance between water and nutrients, and an increase in

ion outflow. Cold stress triggers transcriptional and post-

transcriptional regulatory processes that may be Abscisic acid

(ABA) dependent or ABA independent (Prerostova et al., 2021).

Low temperatures lead to the accumulation of ROS as the

antioxidant enzyme activity is reduced which results in the

failure of the proper functioning of the ROS scavenging

system. As a result, an excessive accumulation of ROS will

have harmful effects on the cell membrane, resulting in cell

metabolism disorder and ion leakage (Sui, 2015). Additionally,

low temperatures impair reproductive development. Cold stress

during the flowering period of O. sativa, for example, will induce

sterility and yield loss (Feng et al., 2014; Wang et al., 2017).

Furthermore, when the temperature falls below 0°C, freezing

stress develops, and the ice crystals formed leads to mechanical

damage and metabolic dysfunction in plants (Liu et al., 2013;

Cheng et al., 2014).

The effects of cold stress on energy generation and

biochemical demand are profound (Koc et al., 2018). As a

result, Zoysiagrass (Zoysia japonica) in high latitudes

(relatively low-temperature regions) is more frost-resistant

than Zoysia grass (Z. japonica) at low latitudes (relatively

high-temperature areas). This might be because of the larger

carbohydrate content employed as an energy store, as well as the

involvement of phytohormones in controlling plant adaptation

to cold temperatures (Li et al., 2018). Carpobrotus edulis

produces more cytokinin under low-temperature stress, and

an Arabidopsis mutant amp1 with greater cytokinin

concentrations displayed a higher relative growth rate and

greater plant yield than WT (Xia et al., 2008; Khan et al.,

2017; Fenollosa et al., 2018). Simultaneously, overexpression

of AtCOR15a:ipt in Saccharum officinarum (sugarcane)

increases cold tolerance by delaying leaf senescence and

minimizing membrane damage, preventing significant

production loss and freezing injury (Belintani et al., 2012).

Numerous studies have employed cytokinins to increase

plant response to low-temperature stress. The multi-step

phosphorylation mechanism is now the focus of research on

the link between cytokinins and low-temperature resistance.

According to some research, A-type ARRs such as ARR5,

ARR7, and ARR15 are positive regulators of A. thaliana cold

tolerance (Shi et al., 2012). The C-type ARR ARR22 contributes

to low-temperature resistance in plants by keeping the

membrane in a normal condition (Kang et al., 2013). When

compared to the WT, B-type arr1 mutant is more susceptible to

low temperatures and has lower cold resistance, but A. thaliana

with B-type ARR1 overexpression has higher cold resistance,
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suggesting that ARR1 is a positive effector of cold signal

transmission (Jeon et al., 2013). An AHK2 or AHK3 sends

low-temperature signals to ARR1 through Arabidopsis

histidine phosphotransfer proteins 2 (AHP2), AHP3, or AHP5,

which shows that AHP2, AHP3, and AHP5 plays an important

function in upregulating tolerance to low-temperature stress

(Jeon et al., 2013).

Plants low-temperature tolerance is further influenced by

other cytokinin response factors (CRFs), which are discovered

downstream of the cytokinin signaling cascade. Recent studies by

Zwack et al. (2016) showed that CRF4 is a positive regulator for

the increased cold tolerance in A. thaliana with a CRF4mutation

under low-temperature stress. An adaptation mechanism under

cold stress may be triggered by high levels of CRF2 and CRF3

expression, which may stimulate lateral root development and

overcomes the inhibition of cold-induced root growth, thereby

increasing the plant’s ability to withstand low temperatures (Jeon

et al., 2016). As a result, Arabidopsis with mutations in AHK2,

AHK3, AHK4 (cytokinin receptor histidine kinases) and ARR7

(an A-type ARR) exhibits enhanced low-temperature tolerance,

suggesting a function for these cytokinin receptor histidine

kinases in cold stress signaling (Jeon et al., 2010). However,

more experimental validation is required. Increased cytokinin

levels, whether exogenous or endogenous, may enhance

resilience to cold temperatures (Belintani et al., 2012; Jeon

et al., 2016). Exogenous cytokinin pre-treatment may increase

the cold tolerance of Triticum aestivum (wheat) seedlings

exposed to cold stress by boosting endogenous cytokinin

levels in the leaves (Veselova et al., 2005). Under cold stress,

the administration of exogenous cytokinin in the ahk mutant is

comparable to the higher-order mutation of AHK (a negative

regulatory factor), which may increase plant cold tolerance. The

molecular processes, on the other hand, remain a mystery

Exogenous cytokinin treatment of wild-type plants has been

shown to improve their ability to withstand cold stress.

Furthermore, it has been claimed that certain A-type ARRs

are positive regulators of the genes that control the response

to cold stress. (Jeon et al., 2010). Type-A ARRs are extensively

expressed in transgenic plants due to ARR protein stabilization

(Shi et al., 2012).

When exposed to cold stress, the hormones ethylene (ETH)

and cytokinin act antagonistically. The C-repeat binding factor/

DRE binding factor (CBF/DREB) transcription regulation

cascade is the most well-known cold signaling mechanism. An

increase in cold sensitivity may be achieved by overexpressing

CBF (Gilmour et al., 2000). ETH has been shown to negatively

regulate the cold signal by regulating the expression of CBFs and

A-type ARRs genes. Moreover, A-type ARRs are believed to be

essential for integrating cytokinin and ethylene signals in

regulating plant response to cold stress, and CBFs have been

shown to negatively regulate the cold signal by modulating the

expression of CBFs and A-type ARRs genes (Shi et al., 2012). The

cytokinin signaling pathway or cytokinin-related transcription

factors may be implicated in the response to cold, according to

these studies.

Heat stress

Heat stress damage the biological components by the

production of ROS and proteins denaturation. It also has a

detrimental impact on photosynthetic capability, resulting in a

metabolic imbalance. The accumulation of heat shock proteins

(HSP), which operate as molecular chaperones to prevent protein

denaturation and aggregation, is one of the plant’s defence

strategies against heat stress (Mittler et al., 2011). Heat stress

decreases cytokinin levels, and exogenous cytokinin treatment

usually improves heat stress resistance (Hare et al., 1997). In

Nicotiana tabacum and Agrostis stolonifera (creeping bentgrass),

for example, exogenous application of cytokinin and increased

endogenous cytokinin concentrations reduced the inhibitory

impact of heat stress on chloroplast and photosynthesis

growth, increased antioxidant system activity, and upregulated

heat shock proteins (Liu and Huang, 2002; Veerasamy et al.,

2007; Xu et al., 2009; Xu et al., 2010). In Oryza sativa, Zea mays,

and Passiflora edulis (passion fruit), cytokinin treatment

improved thermotolerance of reproductive tissue and increase

the yield of these plants, indicating that cytokinin is capable of

priming heat stress defense (Sobol et al., 2014; Wu et al., 2016;

Wu et al., 2017).

Photosynthetic capability is negatively impacted by heat

stress, which affects chlorophyll concentration and

photochemical efficiency (Fv/Fm) of leaves. Additionally,

heat exposure increases ROS generation and protease

activity, resulting in leaf senescence (Hu et al., 2020).

Endogenous cytokinin levels in A. thaliana increase in

response to heat stress, especially in the leaves, resulting in

higher cytokinin concentration is essential for greater heat

tolerance (Skalak et al., 2016). Furthermore, heat stress

stimulates the generation of ROS, and higher cytokinin

levels may activate the antioxidant system to eliminate ROS

(Xu et al., 2009). Furthermore, hormone, proteome, and

transcriptome study further reveal that cytokinin plays a

critical role in plant tolerance to heat stress, with the

majority of heat shock (HS) response proteins being

elevated in response to higher cytokinin levels (Skalak

et al., 2016). Under heat stress, however, when the

cytokinin signaling pathway is disrupted and/or the

concentration of endogenous cytokinin is decreased in

Arabidopsis seedlings, the elongation of hypocotyls is

significantly and continuously inhibited, both during the

initial heat stress and during the subsequent seedling

growth. The increase of endogenous cytokinins may

preserve normal plant development under high-temperature

stress and have a favourable effect on plants that have been

treated with heat shock (Skalak et al., 2016). As a result,
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elevated levels of endogenous cytokinin may increase plant

heat stress tolerance.

Introducing isopentenyl transferase (IPT) into A. thaliana

seedlings boost endogenous cytokinin levels and hence increase

tolerance to high temperatures (Skalak et al., 2016). As a result,

boosting the amount of endogenous cytokinin in plants may help

them to better withstand heat stress conditions. According to

Skalak et al. (2016), the duration of elevated cytokinin levels is

crucial for plant heat tolerance. The overexpression of the IPT

gene under the start of continuous induction of expression

promoters, such as the HSP18 promoter or the senescence-

activated promoter (SAG12), may be used to maintain high

amounts of cytokinin. According to Xu et al. (2009), under

heat stress, the overexpression of SAG12:ipt in A. stolonifera

maintained the development and elongation of root systems,

reduced chlorophyll loss and delayed leaf senescence, boosting

plant heat tolerance. Subsequently, Xu et al. (2010) demonstrated

that the overexpression of IPT generated by two separate

promoters (HSP18:ipt and SAG12:ipt) results in a considerable

increase in heat stress proteins in plants, boosting the plants

ability to resist high temperatures (Xu et al., 2010). The DEX

(dexamethasone) promoter (transient expression promoter)-

driven overexpression of the IPT gene in A. thaliana may

results in opening of stomata and leaf transpiration

stimulation, both of which are important in the early stages of

the heat stress response (Skalak et al., 2016). Furthermore, plant

transpiration may only reduce the immediate demand for

cooling, but it cannot alleviate the long-term impacts of heat

stress because of its low water content (Wu et al., 2017).

Increasing transpiration may only reduce the immediate

requirement for cooling and cannot relieve the long-term

impacts of heat stress owing to plants limited water content.

Along with boosting endogenous cytokinin content by IPT

overexpression, a high level of cytokinin may be maintained by

inhibiting endogenous cytokinin breakdown. Endogenous

cytokinin breakdown may be inhibited in two ways. One of

the methods is the mutation of the cytokinin oxidase/

dehydrogenase (CKX) gene, while the other is through the use

of cytokinin degradation inhibitors spray to decrease the activity

of cytokinin oxidase/dehydrogenase (a negative regulator of

cytokinin production). The CKX gene mutation causes an

increase in cytokinin levels and grain production in O. sativa.

Furthermore, in heat-sensitive O. sativa cultivars, CKX activity

rises dramatically, resulting in poor cytokinin levels and yield.

But the heat-resistant O. sativa CKX enzyme activity remains

consistent, and the plants heat resistance improves (Wu et al.,

2017). The CKX inhibitor INCYDE (cytokinin degradation

inhibitor) is quite effective. The application of INCYDE

boosts A. thaliana roots active cytokinin levels when exposed

to heat stress (Zatloukal et al., 2008). On the other hand,

Prerostova et al. (2020) have successfully demonstrated the

opposite finding, that a single INCYDE treatment under heat

stress had a detrimental influence on plant heat tolerance. The

use of INCYDE in conjunction with acclimating plants may

partially enhance A. thaliana heat resistance. Cytokinin response

factors (CRFs) are thought to be a transcription factor that is

linked to cytokinin. Under heat stress, CRF1 expression in

Solanum lycopersicum (tomato) roots is drastically reduced

(Shi et al., 2014). Accordingly, we conclude that CRFs play a

significant part in the plants heat stress signal pathway and that

more study is required to elucidate the underlying process.

Moreover, exogenous cytokinin performs a similar effect to

endogenous cytokinin when exposed to heat stress. Exogenous

cytokinin zeatin ribose (ZR) treatment improves A. stolonifera

heat tolerance by reducing root mortality, increasing the

antioxidant system activity, maintaining a higher chlorophyll

content, and upregulating related heat shock proteins

(Veerasamy et al., 2007; Xu et al., 2010; Hu et al., 2020). To

further boost plant growth and production, exogenous cytokinin

has been implemented to enhance the heat stress tolerance of

reproductive organs in plants.

Salt stress

Salt stress affects numerous biochemical and physiological

processes in plants. Accumulation of sodium ions (Na+) in plants

may disrupt ion homeostasis, imbalance the potassium ion (K+)/

Na+ ratio, and Na+ ion toxicity, all of which can result in

secondary stress, including oxidative stress (Feng et al., 2015;

Song et al., 2015; Liu et al., 2017; Guo et al., 2018). Moreover, ion

leakage, cell membrane damage, and direct damage to proteins

and other macromolecules are all caused by oxidative stress,

which may result in cytotoxicity, membrane malfunction, and

cell death in certain cases (Lin et al., 2018; Liu et al., 2018). Leaf

senescence will be accelerated upon ion stress and oxidative

stress, which will destroy the chlorophyll, limit photosynthesis

and lower the yield (Han et al., 2011; Li et al., 2012; Liu et al.,

2017). According to several research, the deleterious effects of salt

stress on plants such as Raphanus sativus (radish) and N.

tabacum are connected to cytokinins (Vankova et al., 2010).

Under salinity stress, however, the alterations in endogenous

cytokinins in various plants are not homogeneous. Due to the

variability in cytokinin concentration under salt stress, there is no

one-size-fits-all strategy for increasing plant salt tolerance via

exogenous and endogenous cytokinin manipulation.

According to recent research, the cytokinin level of Malus

domestica (apple) rootstock ‘robusta’ and Solanum lycopersicum

seedlings remains high under salinity stress (Keshishian et al.,

2018; Feng et al., 2019). Additionally, A. thaliana, O. sativa, and

other plants exhibit an increase in cytokinin levels in response to

salt stress (Prerostova et al., 2017; Joshi et al., 2018). The

upregulation of cytokinin in certain plants may aid in the

recovery from salt stress. Due to cytokinin accumulation, the

OsCKX2 knockout rice mutant exhibits a greater relative water

content and yield under salinity stress than the WT, enhancing
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salt tolerance (Joshi et al., 2018). Moreover, increased plant

resistance to salt stress may be achieved by increasing the

activity of antioxidant enzymes by spraying INCYDE on S.

lycopersicum. (Aremu et al., 2014). Avalbaev et al. (2016)

showed that Triticum aestivum pre-treated with methyl

jasmonate (MeJA) can maintain a high concentration of

cytokinin by lowering the level of CKX transcription that is

caused by salt stress, thereby delaying the negative impact of salt

on seedling growth, and enhance salt resistance (Avalbaev et al.,

2016). In response to the deletion of 42 bp from the promoter

region of IPT5 gene, the expression level and cytokinin content of

M. domestica rootstock “robusta” under salinaty stress were both

increased, with the latter remaining at a high level and exhibiting

greater tolerance to salt stress (Feng et al., 2019). SlIPT3

overexpression makes S. lycopersicum more salt-tolerant by

keeping their photosynthetic pigment and K+/Na+ ratio high,

which means they can withstand more salt than the WT plants

(Ghanem et al., 2011).

High cytokinin concentration, on the other hand, have been

demonstrated in experiments to reduce plant salinity tolerance.

Furthermore, overexpression of AtIPT8 in A. thaliana, which has

a high cytokinin level, results in a substantial reduction in the

survival rate of plants under salt stress. This is due to the

downregulation of stress-responsive genes, the inhibition of

the antioxidant system, and the reduction of chlorophyll

content in the plants (Wang et al., 2015). Furthermore, plants

with lower cytokinin levels have been reported to be more

resistant to abiotic challenges, such as salt stress, owing to

decreased cytokinin production or increase degradation

(Ghanem et al., 2011; Avalbaev et al., 2016; Zhang et al.,

2018). In comparison to the wild type, salt tolerance is higher

in cytokinin synthesis pathway mutants with loss-of-function

mutations, such as Atipt1, Atipt3, Atip5, and Atipt7 (Nishiyama

et al., 2012; Zhang et al., 2018). In the moss Physcomitrella patens,

overexpression of PpCKX1 lowers cytokinin levels and increases

salt tolerance (Hyoung et al., 2019). Salt tolerance in transgenic

Medicago sativa (alfalfa) plants is improved by overexpression of

MsCKX, which maintains a high K+/Na+ ratio and increases the

activity of antioxidant enzymes to scavenge ROS (Li et al., 2019).

These CKX-induced cytokinin-deficient plants are more valuable

for deciphering the function of cytokinin than ipt mutants

(Werner et al., 2003).

Plant salt tolerance is also influenced by components in the

cytokinin signaling system. The cytokinin receptor AHK1 is a

positive regulator of salt stress response and plays an active

regulatory function in osmotic stress signaling (Tran et al., 2007).

Furthermore, plant tolerance to salt is improved by ahk2, ahk3,

and cre1 mutants, which upregulate the expression of

homologous stress response genes, indicating that these

members have a negative regulatory function in salt tolerance

(Tran et al., 2007). By promoting the expression of A. thaliana

high-affinity K+ transporter 1;1 (AtHKT1;1) in the roots, the arr1

and arr12 mutants decrease sodium accumulation in the aerial

portions and improve salinity stress tolerance (Mason et al.,

2010). Overexpression of ARGONAUTE2 (AGO2) in O. sativa

decreased cytokinin concentration in shoots and increase

cytokinin level in roots, resulting in higher salt tolerance and

grain length in O. sativa under salt stress, according to Yin et al.

(2020). In addition, by boosting the production of BIG3

(GRAIN3), which encodes a protein that may be involved in

cytokinin transport, and AGO2, which changes the histone

methylation level of BG3, AGO2 impacts the distribution of

cytokinin. CRFs are thought to be downstream signaling

molecules for RRs in certain instances (Hallmark et al., 2019).

Consequently, under salt stress, RNAi silencing of ThCRF1

reduced salt tolerance in Tamarix chinensis (halophyte: salt-

tolerant plants), while overexpression of ThCRF1 greatly

increased salt tolerance in the halophyte through regulating

osmotic potential and increasing antioxidant enzyme activity

(Qin et al., 2017).

Depending on the plant species and the degree and duration

of salt stress, increase or downregulation of cytokinin improves

salt tolerance. Exogenous cytokinin treatment has a range of

impacts on tolerance of salt stress in plants of different species.

Although pre-treatment of legumes with exogenous cytokinins

increases their susceptibility to salt, most research has shown that

exogenous cytokinins improve plant salt tolerance, particularly in

cereal crops likeO. sativa and T. aestivum (Iqbal et al., 2006; Javid

et al., 2011). By efficiently relieving salt-induced leaf senescence

and other forms of physiological or developmental damage, foliar

application of 6-Benzylaminopurine (6-BA; synthetic cytokinin)

improves Solanum melongena (eggplant) and Lolium perenne

(perennial ryegrass) salt resistance (Wu et al., 2014; Ma et al.,

2016). These findings suggested that we can spray exogenous

cytokinins onto plants to improve salt resistance.

Drought stress

Reduced photosynthesis, decreased crop yields, and

accelerated senescence is some of the negative consequences

that drought stress may have on plant physiological activities

(Liu et al., 2012; Zheng et al., 2017; Hai et al., 2020). Subsequently

to salt stress, the likelihood of increasing plant drought resistance

via cytokinin regulation is dependent on the stress duration,

plant dehydration rate and soil water potential, (Veselov et al.,

2017). Furthermore, endogenous cytokinin upregulation and

downregulation have both been reported to increase drought

tolerance. (Werner et al., 2010; Zhang et al., 2018). According to

several research, under drought stress, plant endogenous

cytokinins accumulation is decreased, and this leads to

improving plant drought tolerance through a variety of

physiological responses such as early leaf senescence, leaf

abscission and stomatal closure (Xu et al., 2016; Naidoo and

Naidoo 2018; Calvo-Polanco et al., 2019). Moreover, cytokinin is

a negative regulator of plant root development and branching,
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enhancing cytokinin breakdown in the root may result in plants

with an improved root-to-shoot ratio, larger root system, and

long-term drought resistance (Pospisilova et al., 2016; Ramireddy

et al., 2018).

Overexpression of CKX causes cytokinin to be

downregulated, resulting in slower plant development and

higher protective chemical content (proline, betaine, etc.) as

well as drought resistance in A. thaliana, N. tabacum, Cicer

arietinum (chickpea), and Hordeum vulgare (barley) (Werner

et al., 2010; Nishiyama et al., 2011; Pospisilova et al., 2016;

Ramireddy et al., 2018; Khandal et al., 2020). In A. thaliana,

the ipt1, 3, 5, and 7 mutants had lower endogenous cytokinin

content and improved drought tolerance (Nishiyama et al.,

2011). Reduced levels of cytokinin cause roots to expand and

shoot to have a higher root-to-shoot ratio, which improves root

surface area available for water absorption. Smaller branches and

leaf areas in comparison to roots may significantly reduce

transpiration which further improves the tolerance (Werner

et al., 2010; Lubovská et al., 2014; Prerostova et al., 2018).

Accordingly, the whole plant can keep a relatively high

relative water content and become more drought-resistant.

Furthermore, by counteracting the effects of the oxidase

system, downregulation of cytokinin may contribute to an

improvement in drought tolerance (Lubovská et al., 2014).

Conventional multi-step phosphorylation system in plants,

including RRs, HKs, and HPs, is responsible for cytokinin

signaling in the plant. Cytokinin signaling is also regarded to

be a negative regulator of drought resistance because ahk2, 3, 5,

arr1, 10, and 12 display a significant drought-tolerance

phenotype (Kang et al., 2012; Nguyen et al., 2016). Since the

cytokinin signal suppresses stress response gene expression, it is

hypothesized that decreasing the amount of cytokinin in the

plant might enhance plant survival under challenging

environmental conditions (Zhang et al., 2018). Moreover, it

was shown that the expression of SlCRF1, SlCRF2, SlCRF3,

and SlCRF5 was regulated throughout the drought and

recovery phase in Solanum lycopersicum plants, demonstrating

that CRFs respond to drought stress and providing a novel idea

for improving plant resistance to drought stress (Gupta et al.,

2014; Shi et al., 2014).

Drought, salt, and cold stress all results in reduce water

availability, resulting in physiological reactions that

overlap. Different strategies have been developed in plants to

optimize the use of water, including redirection of root

development, change of cell membrane characteristics, and

control of transpiration via stomata (Feng et al., 2016; Zhu,

2016). Moreover, drought response is tightly linked to the activity

of abscisic acid (ABA), which increases in response to drought

stress and binds to its corresponding receptor family

PYRABACTIN RESISTANCE1 (PYR1)/PYR1LIKE (PYL)/

ABA RECEPTOR REGULATORY COMPONENTS (RCAR).

An enzyme called PROTEIN PHOSPHATASES 2C (PP2c) is

inhibited by the ABA-PYR/PYL complex. When ABA is absent

PP2c dephosphorylate and keeps subclass III SUCROSE

NONFERMENTING1 (SNF1)–RELATED PROTEIN

KINASES2 (SnRK2s) inactive. Furthermore, SnRK2s that have

been activated phosphorylate transcription factors known as

ABRE BINDING FACTOR (ABFs)/ABSCISIC

ACIDRESPONSIVE ELEMENT (ABRE) BINDING

PROTEINS (AREBs), which control the expression of target

genes to promote plant drought tolerance (Miyakawa et al.,

2013; Joshi et al., 2016). Moreover, drought and osmotic stress

activate another signaling pathway that is independent of ABA

and includes GROWTH REGULATING FACTOR7 (Kim et al.,

2012).

Drought reduces cytokinin levels in A. thaliana and Glycine

max (soybean) by repressing IPT genes and upregulating CKX

genes (Guo and Gan, 2011; Nishiyama et al., 2011; Le et al., 2012;

Nishiyama et al., 2013; Ramireddy et al., 2014; Nguyen et al.,

2016; Todaka et al., 2017). Moreover, genetic studies in A.

thaliana have consistently shown that cytokinin functions as a

negative regulator of drought stress tolerance, which is consistent

with previous findings (Nishiyama et al., 2011; Nishiyama et al.,

2013; Nguyen et al., 2016). Furthermore, lowered cytokinin levels

and signaling resulted in at least two primary effects: greater

sensitivity to ABA, establishing cytokinin as an ABA antagonist

and a decrease in shoot growth, which is an adaptive response to

drought (Werner et al., 2003; Riefler et al., 2006). Numerous

components of the cytokinin signalling that are functionally

significant in the tolerance to drought stress have been

established (Li et al., 2016). Therefore, plants with mutant

cytokinin receptor genes (AHK2 and AHK3), HPT genes

(AHP2, AHP3, and AHP5), or RRB genes (ARR1, ARR10, and

ARR12) exhibited greater drought stress tolerance compared to

control plants (Nishiyama et al., 2011; Nguyen et al., 2016).

However, drought tolerance was connected with a variety of

physiological changes, including an increase in cell membrane

integrity, reduction in stomatal aperture, and an increase in ABA

sensitivity (Nguyen et al., 2016). According to a transcriptomic

study, cytokinin regulates a large number of dehydration/

drought and/or ABA-responsive genes involved in drought

adaptation (Nguyen et al., 2016). Increasing evidence suggests

that under drought and salt stress, the RRA genes ARR5, ARR6,

ARR7, ARR15, and ARR22, which also react to cold stress in a

cytokinin independent manner, were upregulated, showing a

partial overlap of the response pathways (Kang et al., 2012;

Jeon and Kim, 2013). Drought resistance is increased in plants

that overexpress ARR22 (Kang et al., 2013). A. thaliana has a

MYB2 gene, which is activated by the ABA, which suppresses the

IPT genes and lowers the level of cytokinin (Guo and Gan, 2011).

In turn, this reduces the output of the AHK/AHP/ARR signalling

cascade that aids the plants adaptation to drought and osmotic

stress.

The interaction between SnRK2s, RRAs, and RRBs is another

connection. The RRBs ARR1, ARR11, and ARR12 physically

engage with SnRK2s in non-stress situations, repressing their
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kinase activity and shutting off the drought response pathway.

Furthermore, in drought-stressed plants, SnRK2s phosphorylate

the RRA ARR5, inhibiting cytokinin signaling and limiting plant

growth. These interactions demonstrate cytokinin regulates

growth-trade-offs is well understood.

Interactions of cytokinin with other
phytohormones under abiotic
stresses

Plant responses to abiotic stress conditions are mostly based

on interactions among hormone signals. Cytokinin participates

in a complex signal network with other phytohormone signaling

pathways rather than playing a separate regulatory function.

Cytokinin does not have a regulatory function that is

independent of other phytohormone signaling pathways;

rather, it acts within a complex signal network that includes

several pathways (Li et al., 2016). Furthermore, coordinating

tissue expansion in response to environmental changes requires

the interaction of other phytohormone. As a result, the plant is

able to respond rapidly to its changing environment due to a

network of tightly interlinked signaling systems.

Abscisic acid (ABA) regulates one of the earliest plant

drought responses, stomata closure, which controls the

trade-off between CO2 intake and water loss via

transpiration (Sah et al., 2016; Vishwakarma et al., 2017).

Although ABA strongly interacts with cytokinins, it also

regulates mid- and long-term plant responses to abiotic

stress, including regulation of plant architecture.

Accumulation of stress-induced ABA in turn downregulates

cytokinin production by way of the MYB2 transcription factor

(TF), alleviating the repression on multistep phosphorelay

(MSP) and activating genes that are ABA- and stress-

inducible (Li et al., 2016). Through the downregulation of

shoot growth and the acceleration of root development,

ABA-mediated suppression of cytokinin signaling starts the

process of redesigning the plant body. This enables the plant to

increase water intake from deeper soil layers while minimizing

water loss (Li et al., 2016). Accordingly, ABA hypersensitivity

and increased drought resistance are seen in MSP signaling

mutants, such as those with defects in the cytokinin sensors

AHK2, AHK3, and AHK4 and type-B ARRs ARR1, ARR10, and

ARR16 (Tran et al., 2007; Tran et al., 2010; Nguyen et al., 2016).

It has been demonstrated that ABA and drought may both

downregulate the expression of ARR1, ARR10, and ARR12

(Nguyen et al., 2016). According to Takatsuka and Umeda

(2019), ABA also inhibits ARR2 but not AHK3 or AHK4 and

there may be a function for ABA in the regulation of AHP2’s

nucleocytoplasmic partitioning (Marchadier and Hetherington,

2014). Tran et al. (2007) found that the osmosensor AHK1 is

not a negative regulator of the ABA-mediated stress response,

but rather a positive regulator. This suggests that there may be

some specificity at the level of signals that start the MSP-

regulated (drought) stress response (Hai et al., 2020).

There are two ways in which ABA interferes with MSP

activity: ABA-controlled downregulation of the generation of

cytokines and the interaction between ABA signaling

components and MSP. ABA-activated ABI4 binds promoters

and downregulatesARR6,ARR7, andARR15; arr4, arr6, arr7, and

arr15 mutant lines are hypersensitive to ABA (Jeon et al., 2010;

Wang et al., 2011). ARR5, a type-A ARR and negative regulator

of MSP signaling, has numerous Ser residues that are

phosphorylated by SnRK2.2, SnRK2.3, and SnRK2.6. By

inhibiting cytokinin signaling, this results in stability of the

ARR5 protein, which improves ABA responsiveness and

drought tolerance.

Dautel et al. (2016) postulated an AHK2/AHK3-dependent

phosphorylation of Thr6 and Tyr19 of KIN10, one of the two

subunits of SnRK1, acting under energy stress in their

phosphoproteomic analysis (Baena-González and Sheen,

2008). According to KIN10-based global gene regulation

(Radchuk et al., 2006; Baena-González et al., 2007),

SnRK1 down-regulation has previously been linked to

cytokinin and auxin signaling. However, ethylene signaling

was found to be negatively regulated by

SnRK1 phosphorylation-mediated inactivation of EIN3 (Kim

et al., 2017), leading to a growth. There is a bidirectional

negative link between ABA and cytokinin levels/signaling.

ABA insensitivity in seed germination was caused by the

overexpression of cytokinin production via the upregulation of

AtIPT8 (Wang et al., 2011). In the process of seed germination,

ABA insensitivity was caused by an increased cytokinin

production brought about by an overexpression of AtIPT8.

Additionally, ABA was unable to inhibit the expression of

the type-A ARRs ARR4, ARR5, and ARR6 that physically

interact with ABI5 and reduce ABI5 levels when endogenous

cytokinin levels are increased (Wang et al., 2011). The

cytokinin-responsive type-B ARRs ARR1, ARR11, and

ARR12 that physically engage with SnRK2s and suppress the

kinase activity of SnRK2.6 are most likely the cause of the

decreased sensitivity to ABA under high endogenous cytokinin

levels. The cytokinin-dependent control of ABA signaling may

be regulated at the transcriptional level by ARR10, which was

shown to bind the promoters of multiple ABA signaling genes

(Zubo et al., 2017).

Cytokinins suppress expression of the Arabidopsis HIGH-

AFFINITY K + TRANSPORTER 1; 1 (AtHKT1; 1), which is

responsible for removing sodium ions from root xylem, in

response to salt stress through ARR1 and ARR12. This

transporter is responsible for removing sodium ions.

Additionally, it was shown that cytokinins controlled the type

A response regulator ARR5’s expression in response to salt stress

mostly via ARR1 and ARR12, demonstrating the role of specific

MSP components in the roots in regulating sodium accumulation

in the shoots (Mason et al., 2010).
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The hormonal network underpinning the intricacy of plant

responses to stress is also influenced by the ethylene (ET)

pathway. ET has been investigated in the contexts of

development and stress (Vanstraelen and Benková, 2012;

Beguerisse-Díaz et al., 2013; Zhai et al., 2013), and it has most

recently been shown to play a negative regulatory role in cold

tolerance (Shi et al., 2012). Interestingly, cold stimulates the

expression of ARR5, ARR6, ARR7, and ARR15 in a manner

similar to dehydration, most likely to inhibit cytokinin signal

transduction and growth (Jeon et al., 2010; Kang et al., 2012).

According to the findings of Shi et al. (2012), ethylene

biosynthesis and signaling adversely affects the cold stress

response in Arabidopsis. This is accomplished via the

repression of cold-inducible C-REPEAT BINDING FACTORS

(CBFs) (CBF1, CBF2, and CBF3 genes), and the type-A ARR

genes ARR5, ARR7, and ARR15. This ethylene-induced

suppression was expected to be mediated by direct binding of

EIN3 to the promoters of type-A ARRs, so possibly suggesting

another mechanistic connection between classical ethylene

signaling and MSP during plant desiccation.

Despite the fact that ET disrupts the cytokinin signaling

pathway’s output, the pathway itself is also influenced by

cytokinin. In fact, cytokinin is responsible for the stabilization

of the enzymes 1-aminocyclopropane-1-carboxylate synthase 5

(ACS5) and ACS9 (Chae et al., 2003; Hansen et al., 2009), which

are responsible for the conversion of S-adenosyl-methionine to

1-aminocyclopropane-1-carboxylic acid. This stability might

result in an accumulation of ET, which would then have the

potential to influence plant development processes such as root

expansion (RůžiČka et al., 2007). According to Lehotai et al.

(2012), the activation of both cytokinin and ET signaling in

response to selenite-induced stress by means of the ARR5 and

ACS8 markers and decrease in the levels of auxin suggests that

the hormonal regulatory network that underlies stress responses

is more complex than previously thought. Interestingly, there are

tissue-specific characteristics in the cytokinin-ET and cytokinin-

ABA interactions. Contrary to ET, which accumulates mostly in

roots in response to high CK levels, CK treatments have been

shown to enhance the accumulation of ABA in shoots but not in

roots (Žd’árská et al., 2013).

Priming as a strategy to develop
abiotic stress tolerance

Cytokinin has been shown in the literature to be used as a

priming agent to activate plant immune for biotic stress

responses and biotrophic. Priming technology, on the other

hand, is not widely used to protect plants from the negative

effects of abiotic stressors or to prepare them to better withstand

them. Moreover, it has been shown that priming the stress

response pathways would be advantageous for the plant since

it enables quicker and more robust responses with little energy

expenditure. Although priming with several plant growth

regulators (PGR) has been shown to be beneficial, evidence on

employing cytokinins as priming agents is restricted to few

experiments using kinetin or 6-benzylaminopurine (BAP).

BAP has long been one of the cytokinins that is most often

given to plants exogenously to dealyed senescence and decrease

the impact of stress. Exogenous cytokinin treatment may reduce

abiotic stressors on agricultural plants, resulting in enhanced

growth, development, and yield. Similarly, cytokinin treatment

lowers plant salinity stress (Ha et al., 2012) and promotes starch

accumulation in salt-stressed rice plants (Javid et al., 2011).

Abiotic stress has been reduced in a variety of crop species by

seed priming with cytokinins or a combination of cytokinins and

other plant hormones. It is possible that genes associated to

cytokinin play a significant role in the regulation of regeneration

once a stress has been removed. Priming with cytokinins

improves the production of chlorophyll (Chl) and the

accumulation of biomass in plants. Additionally, it increases

the photosynthetic rate, promotes membrane integrity, and keeps

a stable ionic level. Wheat seeds primed with kinetin at

concentrations of 100 mg L−1, 150 mg L−1, and 200 mg L−1

were shown to have improved germination and tolerance to

salt. This was accomplished by lowering ABA concentrations and

raising IAAs concentrations (Iqbal et al., 2006). Similar findings

were made by Mangena (2020), who claimed that priming

soybean seeds with cytokinins (Benzyl adenine; 4.87 mg L−1)

improved soybean root biomass, flowering, and fruiting under

drought stress. Arachis hypogaea L. aged groundnut seeds were

primed with cytokinins (150 ppm), which improved antioxidant

enzyme activities and reduced oxidative damage to improve

germination and seedling indices (Sepehri et al., 2016). In

addition, the mode of action of these PGRs in enhancing seed

and plant fitness through priming has not been investigated.

Moreover, it has been reported that exogenous application of

cytokinins reduces ABA-induced stomatal closure because this

PGR, which are important for stomatal movement, are involved

(Tanaka et al., 2006). However, the effects of seed priming with

cytokinins on stomatal movement remain unknown.

Genetic engineering of cytokinin for
improving or redesigning plant
abiotic stress tolerance

Crop yield and production are threatened by abiotic factors

such as severe temperatures, nutrient deficiency, low water levels,

high salt concentrations and excessive light. Plants cytokinin

mediated stress responses are highly dependent on the

phytohormone concentrations (O’Brien and Benkova, 2013).

Moreover, plants get acclimatized to stress as a result of both

constitutive decrease and overproduction of cytokinins. As a

result, precise manipulation will lead to altering its

concentrations to achieve desired results (summarized in
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Table 1) (Rivero et al., 2007; Werner et al., 2010; Nishiyama et al.,

2011; Ha et al., 2012). A. thaliana the model plant, has been the

subject of the most extensive study on cytokinin-mediated stress

responses till date (Ha et al., 2012). The most common method

for lowering cytokinin levels is to change the expression of the

CKX or IPT genes. Subsequently, the overexpression of CKX

genes, as well as the disruption of IPT genes, will result in a

reduce cytokinin levels. Furthermore, plants with cytokinin

deficiency show bushy root growth, diminished apical

dominance, and stunted shoot developmental phenotype.

Nishiyama et al. (2011) used gain and loss-of-function

mutants to show that the Arabidopsis cytokinin-

overexpressing plants (35S:CKX1-35S:CKX4) and ipt1, 3, 5, 7

quadruple mutant were more salt and droughts -tolerant than

WT plants. Furthermore, root growth assays and intracellular

electrolyte leakage measurements suggested that cytokinin

deficient plants were more resistant to salinity stress owing to

increased primary root development and more tolerant to

drought because of improved cell membrane integrity

(Nishiyama et al., 2011). Additionally, the reduction in

cytokinin levels shown in AtCKX-overexpressing Arabidopsis

transgenic plants had a major influence on the growth and

development of several tissues, including roots and shoots,

reproductive organs, floral, and vascular development (Werner

et al., 2003). Root-specific expression of CKX inN. tabacum using

theW6:CKX1 construct (expression of CKX1 driven by aWRKY6

promoter) and in A. thaliana using the P10:CKX3 construct

(expression of CKX3 driven by a PYK10 promoter) revealed an

enlargement of the root system architecture (RSA) in the

transgenic lines, which showed similarity to the root feature of

plants grafted between 35S:CKX1 or 35S:CKX3 (Werner et al.,

2010). Furthermore, the transgenic plants accumulated more

minerals, such as calcium, phosphate, molybdenum, and

magnesium when compared with the WT (Werner et al.,

2010). These data collectively support that the root

development improved plants tolerance to water stress and

nutrient deficiency.

Constitutive overexpression of cytokinin gives rise to severe

anomalies in biological processes such as organogenesis, cell

division, meristematic activities, and gametophyte

development (Kieber, 2002). Because of this, organ-specific

and stress-inducible cytokinin synthesis is thought to be more

desirable. Gain-of-function studies, for example, showed that

using stress-inducible promoters alternative to constitutive

promoters might prevent growth abnormalities associated with

endogenous cytokinin overexpression, such as dwarf and limited

root growth phenotypes, results in improved control of cytokinin

biosynthesis (Xing et al., 2009; Peleg and Blumwald, 2011).

Several promoters, such as HSP (heat shock protein), PSARK

(senescence-associated receptor-like kinase), PSAG12 (senescence-

associated genes12), and rd29A (response to dehydration 29A),

have been successfully used to drive conditional expression of the

Agrobacterium tumefaciens mediated IPT gene in A. thaliana

(Zhang et al., 2000), tobacco (N. tabacum) (Rivero et al., 2007;

Rivero et al., 2010), creeping bentgrass (Agrostis stolonifera)

(Merewitz et al., 2010), rice (O. sativa) (Peleg et al., 2011),

peanut (Arachis hypogaea) (Qin et al., 2011), cotton

(Gossypium hirsutum) (Kuppu et al., 2013), and cassava

(Manihot esculenta) (Zhang P. et al., 2010), to increase

tolerance to a variety of stresses, including waterlogging and

drought (Figure 2). Transgenic plants with increased cytokinin

exhibited better adaptive responses to numerous stresses with an

improvement in photosynthesis capacity, transpiration rate,

intracellular water content, and delayed leaf senescence, all of

which shows the potential to be useful and economical in

agriculture.

The promoter PSAG12 deriving the expression of the IPT

gene significantly delayed the onset of leaf senescence but

resulted in an unexpected change in source-sink relationships,

nitrogen (N) mobilization, reproduction and growth in response

to water stress were also reported (Jordi et al., 2000). Thus, an

alternate promoter, PSARK, has been frequently employed to

overcome such a problem, since this promoter may activate IPT

expression prior to the onset of leaf senescence (Rivero et al.,

2007; Reguera et al., 2013). Similarly, A. thaliana stress-induced

rd29A overexpressed the IPT gene to confer salinity stress

tolerance in N. tabacum (Qiu et al., 2012). Salt tolerance in

transgenic G. hirsutum was improved by overexpressing the A.

tumefaciens IPT gene using the Ghcysp (G. hirsutum cysteine

proteinase) promoter, which is from the same family of cysteine

endopeptidase genes as SAG12 (Liu et al., 2012). Furthermore,

when drought stress occurs during the vegetative stage of the G.

hirsutum plant, this strategy proved efficient in enhancing plant

performance, but drought stress after the flowering stage failed to

provide a yield advantage (Zhu et al., 2018). Early flowering and a

later heading date were caused by PSAG39:IPT expression in O.

sativa. Under drought conditions, this was expected to assist

plants to deal with modest water restrictions and increase grain

yields (Zou et al., 2007; Liu et al., 2010). Additionally, increased

IPT expression assisted the plants survival ability under stressful

events and at the recovery stage under waterlogging and

submerging situations (Huynh et al., 2005).

Heavy metal stress (HMs) has a negative impact on plant

metabolic processes, particularly when zinc concentrations are

elevated (Gill, 2014). When compared to WT, PSAG12:IPT

transgenic N. tabacum displayed stronger protection against

high zinc contamination by reducing transpiration rates and

net photosynthetic while retaining free amino acids synthesis,

which is suggestive of appropriate nitrogen (N) metabolism

(Pavlíková et al., 2014). Furthermore, a lack of nutrients,

particularly important minerals like N, may cause massive

self-destructive processes within plant cells. N. tabacum

transformed with the PSARK::IPT construct might aid in the

inhibition of ROS (reactive oxygen species) formation and

prevent the detrimental effects on plants induced by

decreasing the N concentration (Rubio-Wilhelmi et al., 2011).
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Subsequently, another study employed the PSAG12:IPT

construct to produce transgenic A. stolonifera that improved

plant survival in the face of N or phosphate (P) deprivation

(Zhang Y. et al., 2010).

Overexpression of A. tumefaciens IPT gene to increase

endogenous cytokinins level as a countermeasure against

adversarial temperature has also been implicated in many

species, such as generating low temperature-tolerant sugarcane

(Saccharum spp.) and cold-resistant tall fescue (Festuca

arundinacea) using the Arabidopsis COR15a (cold-regulated

gene15a) promoter and the maize ubiquitin promoter,

respectively (Hu et al., 2005; Belintani et al., 2012). In

response to heat stress, an effort was made on A. stolonifera

utilizing HSP and PSAG12 promoters to overexpress the IPT

gene from A. tumefaciens (Xing et al., 2009; Xu et al., 2009).

Furthermore, Xing et al. (2009) have also established that SAG12-

ipt- and HSP18-ipt bearing transgenic A. stolonifera exhibited

significantly longer leaf life-span when compared to WT when

subjected to dark and heat treatment, respectively. Another A.

thaliana SAG family promoter, SAG13, may induce IPT

expression in all mature leaves before senescence, similar to

PSARK expression pattern, but with a more severe altered

source-sink relationship (Swartzberg et al., 2006). Under salt

stress, a modified strategy of employing root-specific cytokinin

overproduction under the direction of a constitutive promoter

might help Solanum lycopersicum (tomato) plants increase plant

growth and yield (Ghanem et al., 2011). In salt-treated S.

lycopersicum plants, root-to-shoot cytokinin transport was

significantly boosted, resulting in better ion homeostasis,

vegetative growth, delayed leaf senescence (in plants with

root-specific HSP70:IPT expression), and increased fruit yield

(Ghanem et al., 2011). Thus, this research proposed a unique

effective technique to reduce salt-induced agricultural yield

constraints.

Transiently increasing the cytokinin level via the crucial

distance between the gene and its promoter is another

application of the genetic engineering method. By utilizing the

constitutive 35S promoter the A. tumefaciens IPT gene was fused

to the downstream of other genes, like AtGolS2 (Arabidopsis

galactinol synthase) or AOC (Bruguiera sexangula allene oxide

cyclase), which were involved in cold and salt stress tolerance,

respectively (Guo et al., 2010). Subsequently, A. thaliana

transgenic plants carrying the pVKH35S-AOC-ipt and

pVKH35S-AtGolS2-ipt genes were able to achieve a small rise

in cytokinin levels, resulting in improved plant development,

higher chlorophyll production, and longer flowering (Guo et al.,

2010). Another method of transiently increasing cytokinin

activity is to modify the expression of O-glycosyltransferase

moderately. In response to the successful isolation of the

ZOG1 (Zeatin O-glucosyltransferase) gene from the Phaseolus

lunatus plant, which codes for the ZOG protein, transgenic N.

tabacum expressing 35S:ZOG1 and SAG12:ZOG1 transgenes

were developed (Martin et al., 1999; Marie et al., 2008).

Therefore, the stress-induced elevation in calcium levels aided

the SAG12:ZOG1-transformed plants in establishing growth

more quickly than the WT plants at the post-drought

recovery stage, as compared to the WT plants. In contrast,

transgenic plants that had the 35S:ZOG1 construct had a

slower recovery rate, which suggests that having more

cytokinin in the plant before a long and severe drought period

could have a negative effect (Marie et al., 2008).

Conditionally or locally boosted cytokinin synthesis has

been shown to improve plant growth and yield in Brassica

napus (canola) and A. stolonifera utilizing various promoter

and IPT gene combinations (Kant et al., 2015; Xu et al., 2016).

In the field, yields of IPT transgenic B. napus were higher in

both stressed and non-stressed conditions (Kant et al., 2015).

The information that cytokinin is a negative regulator of

elongation development of the main root and root

branching has been used to develop another engineering

strategy to increase tolerance to drought in plants (Werner

et al., 2003). A. thaliana, N. tabacum and Hordeum vulgare

roots had lowered cytokinin levels when CKX genes were only

expressed in the roots. This led to a larger root system with

mostly unaltered shoot growth and development (Werner

et al., 2010; Macková et al., 2013; Ramireddy et al., 2018).

A greater survival rate of CKX transgenic N. tabacum plants

under drought stress in an intermixed planting revealed that

these plants were more effective in competing for limited

water resources than WT tobacco plants (Werner et al., 2010).

Increased cytokinin degradation in the roots of transgenic H.

vulgare (barley) resulted in a reduced stress response to long-

term drought conditions which includes increased stomatal

conductance and CO2 assimilation rates, decreased activation

of critical ABA metabolism genes, and decreased build-up of

ABA (Ramireddy et al., 2018). While large soil volume

explored by CKX transgenic plants has been linked to some

of these favourable benefits, other mechanisms, such as

interplay between the cytokinin and ABA signalling

pathways, may also be responsible for the altered response

to drought stress in these plants (Vojta et al., 2016; Ramireddy

et al., 2018).

Cytokinin related gene applications in genetic engineering

have shown considerable promise for stress tolerance, leading

to sustainable agriculture, however, they are primarily

overexpressed research. Therefore, genetic engineering and

breeding strategies leads to increase abiotic stress resistance

by manipulating these genes. Although these molecular players

have been extensively examined in non-crop plants such as A.

thaliana and N. tabacum, they have yet to be investigated in

agronomically important crops. Thus, the mechanism

governing cytokinin signaling in economically significant

crops may be an intriguing topic to investigate for abiotic

stress improvement. Novel technology breakthroughs in the

previous decade have highlighted the potential of de novo

domestication of wild plants as a realistic approach for
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developing abiotic stress-tolerant crops while ensuring food

safety and security. Several biotechnological strategies are being

proposed to get a better knowledge of the cytokinin-related

gene and various phytohormonal pathways involved in plant

responses to abiotic stress. In order to generate stress-tolerant

crops, new generation tools are now accessible that enable

precise genome editing in specific genes. Genome editing is

an excellent approach for speeding up the development of

enhancing tolerance to abiotic stresses. However, there are

only few studies that describe the use of CRISPR and

cytokinin-related genes to enhance abiotic tolerance in

commercially significant crops (Table 2) (Ogata et al., 2020;

Wang et al., 2022). Clustered regularly interspaced short

palindromic repeats (CRISPRs) and CRISPR associated (Cas)

proteins, or CRISPR/Cas, when integrated with de-novo

domestication becomes an ideal strategy for modifying plant

genome that has a potential to be one of the most promising

possibilities to enhance stress tolerance.

Future prospects

There is mounting evidence that cytokinin plays a number of

roles in plant responses to various stress. Stress-related cytokinin

signaling pathways and several genes that encode cytokinin

metabolism enzymes have been identified as functionally

significant, although little is known about their downstream

components. Remarkably, the majority of the same

components engaged in cytokinin regulated development are

also implicated in the stress response. This suggests that there has

been no distinct evolution of stress response modules, but rather

the response to stress is intricately associated with the control of

development. In this regard, a better understanding of cytokinins

interactions with known stress response pathways would

improve our understanding of the hormone’s function in

regulating growth-defense trade-offs. To get a better

understanding of the downstream events of the cytokinin

signaling pathway and to identify linkages to traditional stress

response pathways, refined genetic techniques and system

analysis will be critical.

Many of the cytokinin responsive genes are engaged in

signaling, metabolic, and transport systems that affect plant

growth and development, and next-generation technologies

have revealed insights into global transcriptome alterations in

connection to cytokinin responsive genes (cytokinin response

factors (CRFs), CKXs, ARR1, ARR10, and ARR12) (Shi et al.,

2013; Abdelrahman et al., 2021). At the transcriptome and

proteome levels, genome-wide investigations may reveal

interaction protein–protein networks that regulates

biological development processes in growing crop plants.

Global insights into molecular mechanisms and genes

involved in abiotic stress tolerance are viable targets for the

development of novel strategies for crop improvements.

Furthermore, many studies on the influence of cytokinins

on stress are conducted in controlled conditions, suggesting

that cytokinins are stress modulators that function through a

growth-defense trade-off (Cortleven et al., 2019). Influences of

cytokinins on genotype–environment interactions are still

poorly understood in natural and/or in-field agricultural

settings, and future studies should focus more rigorously

on testing cytokinin stress modulation in natural

environments for agricultural ecosystem management,

especially in the context of climate change. Understanding

the functions of cytokinin, a key growth-regulating hormone

in stress defense is particularly vital for understanding the

influence of a changing environment on plant development

and ensuring the sustainability of food supply.

Concluding remarks

The significance of cytokinins in the regulation of key

developmental processes has become more apparent in recent

years, providing new insights. While significant progress has

been achieved, the true challenge remains in deciphering the

molecular mechanisms by which cytokinins govern these

developmental processes. In general, cytokinin signaling and

metabolism are important for abiotic stress tolerance, and

manipulating genes in the signaling pathway in major crops

might be advantageous for long-term agricultural sustainability.

Furthermore, the growing amount of molecular data adds to our

understanding of cytokinin interplay in its developmental aspects

while also adding a new degree of complexity. In addition, there

are several crosstalk pathways with other plant hormones that

aids to the cytokinin large pleiotropy in stress-induced growth

regulation.

Furthermore, the genetic mechanism behind abiotic stress has

been unravelled with the recent advancement in genomics and

transcriptomics technologies. Stress tolerance genes in CWRs and

other cultivated crops may be mapped using transcriptome

profiling, a powerful tool. Because of recent developments in

next-generation sequencing (NGS) technology, it is now

possible to create high-quality pangenomes for a wide range of

crops, giving researchers a full picture of genetic diversity within

each species as well as the total gene pool for each specific crop. It is

now feasible to implement next-generation breeding effectively for

a complex trait like abiotic stress tolerance by combining de novo

domestication with genome editing tools like CRISPR/Cas system.
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Abstract

Monoamine oxidase (MAO) is capable of catalysing the oxidative deamination of amines and

neurotransmitters. MAO plays a pivotal role in maintaining neurotransmitters linked to neurological

disorders viz. Alzheimer's disease (AD), Parkinson's disease (PD) etc. Therefore, inhibition of MAO can be

implicated to the cure of such diseases. Synthetic MAO inhibitors are known to inhibit MAO activity.

However, there are safety issues with synthetic MAO inhibitors and many of their effects are non-selective

and irreversible. Contrasting synthetic drugs, plant-derived natural products have been popularized globally

owing to their extensive acceptability and applicability, therapeutic potency and minimum side effects

which potentiated the possibility of developing reversible, promising MAO inhibitors based on natural

products. The present review comprehensively elucidates plant -derived natural reversible MAO inhibitors

using the literature from the popular databases such as Google Scholar, Scopus, PubMed and Web of

Science. This literature review reports approximately 51 plants that have been evaluated for MAO inhibitory

activity. In addition, 93 plant-derived natural compounds were retrieved as MAO inhibitors. Majority of

these investigations predominantly utilized an in vitro approach to evaluate the MAO inhibitors in relation

to the developing treatments of related neurological diseases. However, in vivo studies and clinical trials are

still lacking in evaluating the botanical-based MAO inhibitors. The aim of this review is to retrieve the recent

literature to explore the in vitro and in vivo studies of plant-based natural products as MAO inhibitors, their
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structure-activity relationship and relevant molecular docking analyses and their roles in the emerging

therapy against disorders like AD, and PD. Further, the review also discusses the shortcomings in the

existing research in order to generate more coordinated and focused research in future.
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Introduction

The enzyme monoamine oxidase (MAO, EC 1.4.3.4) was discovered by Mary L.C. Hare in 1928 in rabbit liver

and was originally named tyramine oxidase (Hare, 1928). MAO is located on the inner side of the outer

mitochondrial membrane which contains conserved flavin adenine dinucleotide (FAD) binding domains. It

contains diverse substrate-binding sites and holds membrane-binding domain (Ma et al., 2004). It catalyses

the oxidation of amines (primary, secondary and tertiary), amino acids and neurotransmitters (Gaweska and

Fitzpatrick, 2011). The oxidation of amines via MAOs leads to the production of hydrogen peroxide (H O )

and aldehydes that further cause oxidative stress leading to health problems such as neurological damage,

cardiovascular diseases, obesity, and cancer (Deshwal et al., 2017; Kaludercic et al., 2014; Timisoara et al.,

2019; Vindis et al., 2000; Wu et al., 2014). MAO enzymes represent two subtypes viz. MAO-A and MAO-B,

encoded by two distinct genes with 73% identity and are regulated by substrate specificity and sensitivity in

humans (Bach et al., 1988; Ma et al., 2004; Weyler et al., 1990). These subtypes vary in substrate specificity,

amino acid numbers, susceptibility, and distribution in tissues. MAOs are present in various tissues like

intestinal mucosa, liver, lungs, placenta, lymphocytes and brain (Kalgutkar et al., 2001). MAO-A and MAO-B

are present in most mammalian tissues. Rat MAO-A is dimeric whereas human MAO-A is monomeric that

oxidizes the serotonin, norepinephrine, tyramine, and dopamine neurotransmitters. Human MAO-B is a

dimeric enzyme that oxidizes benzylamine, dopamine, tyramine and phenylethylamine neurotransmitters

(Binda et al., 2004; De Colibus et al., 2005; Tong et al., 2013; Wang and Edmondson, 2007). The alternation of

MAO levels in human tissues is associated with several neurological diseases such as Brunner syndrome,

autism, schizophrenia, depression etc. (Brunner et al., 1993; Cohen et al., 2011; Tong et al., 2013; Wyatt et al.,

1979).

MAO inhibitors, first introduced in the 1950s, are known to guard neurons from exogenous amines in the

central and peripheral nervous systems (CNS and PNS). They also restrict the movements of amine

2 2
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neurotransmitters and terminate dietary amines. Inhibitors of MAO are linked to the treatment of anxiety

disorders, obesity, cardiovascular diseases, cancer, depression, glaucoma, PD, and AD (Bolasco et al., 2010;

Corbineau et al., 2017; Peehl et al., 2008; Pletscher, 1991). MAO-A inhibitors possess antidepressant activity

that increases 5-hydroxytryptamine (5-HT) in the brain (Youdim et al., 2006). MAO-B levels are known to

rise with age and thus are linked to age-related neurodegenerative diseases, such as AD and PD. Inhibitors of

MAO-B are shown to possess curative properties against the progress of PD and AD (Drozak and

Kozłowski, 2006; Tzvetkov et al., 2017). MAO inhibitors are categorized into three classes such as first-

generation (irreversible non-selective; isoniazid, tranylcypromine, iproclozide, and isocarboxazid), second-

generation (irreversible, selective; selegiline, rasagiline, bilobalides, and mofegiline), and third-generation

(reversible, selective; moclobemide, amiflamine, lazabemide, toloxatone and brofaromine) used against

neurological or psychiatric diseases (Laux et al., 1995; Tzvetkov et al., 2017). Off late a number of promising

lead compounds as MAO inhibitors have been cited in the recent literature such as 3-(N-cyclicamino)

chromone derivatives (Takao et al., 2020), chromone and donepezil hybrid (6-OBn) (Wang et al., 2020), b-

carbolines from Psilocybe “magic” mushrooms (Blei et al., 2020) etc. Earlier, MAO inhibitors have been

administered as the first clinically used antidepressants. However, due to severe side effects and food-drug

interactions, their use had been discontinued (Blackwell et al., 1967; Helguera et al., 2012). Irreversible MAO

inhibitors are known to cause severe adverse effects viz. hepatotoxicity, hypertensive crisis, haemorrhages,

dizziness, nervousness, insomnia, muscle aches, sleep disturbances, weight gain, and serotonin syndrome

(Amsterdam and Shults, 2005; Kumar et al., 2016).

Globally, depression, anxiety, AD and PD have become a huge public health problem. Worldwide depression

has been increased by 49.86% from 1990 to 2017 (Liu et al., 2020). AD is one of the major common forms of

dementia syndrome, which affects around 50 million people globally and nearly every year 10 million new

cases are reported

(https://www.who.int/newsroom/factsheets/detail/dementia#:∼:text=Worldwide%2C%20around%2050%20

million%20people ,dependency%20among%20older%20people%20worldwide). Onset of PD is age-related

and around 7–10 million people worldwide are living with the disease (Porter, 2020). The treatment of these

diseases causes a huge economic and emotional taxation to the family members and the care-givers. It is

estimated that, in 2020, the total cost for AD treatment is about $305 billion, and it is expected that the cost

continues to increase as the age of the current population increases (Wong 2020). The cost is also massive

for the treatment of PD and depression (Dahodwala et al., 2020). Hence, the demand for alternative cost-

effective drugs or treatments with low side effects has been increasing. In this context, bioactive

compounds from natural sources appear to be promising candidates for such treatment. Earlier, a few

reviews were published on the topic such as MAO inhibitors from natural products (Carradori et al., 2014),

marine natural products (Hong et al., 2020), herbal natural products (Erdogan Orhan, 2016), 3D-QSAR and in-

silico studies on MAO inhibitors from natural products and related derivatives (Dhiman et al., 2018). A

number of in vitro as well as in silico analyses and molecular modelling studies have proven the efficacy of

such natural products as promising MAO inhibitors (De Monte et al., 2014; Carradori et al., 2016; Gidaro et al.,

2016). The present review encompasses the role of plant-derived natural products as MAO inhibitors. After

analysing all published research works, it can be assumed that plant-based natural products could become

promising alternatives for the development of safe MAO inhibitory drugs. This review, further enumerates

different types (flavonoids, alkaloids, caffeic acids, coumarins, fatty acids, glycosides, esters, pyrones,

terpenoids and xanthones) of botanical-derived MAO inhibitors, related in vitro and in vivo studies and

structure-activity relationships.

https://www.who.int/newsroom/factsheets/detail/dementia#:~:text=Worldwide%2C%20around%2050%20million%20people
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Section snippets

Methodology

The information on plant-derived natural products as MAO inhibitors was retrieved from different

electronic databases such as Google Scholar, PubMed, Research Gate, ScienceDirect, Web of Science, Scopus

and SpringerLink. The span of cited articles was 1987–2020. Examples of the keywords and terminologies

such as “plant natural products”, “medicinal plant extract”, alkaloids, coumarins, xanthones, terpenoids,

pyrones and benzopyrans, glycosides, fatty acids, ester, caffeic acid,…

In vitro studies on plant-derived MAO inhibitors

The role of metabolites isolated from the plant for the treatment of depression, AD, and PD based on their

ability to inhibit MAO has been widely explored. In this review, 93 compounds isolated from different plants

showed varying degrees of MAO inhibitory activity. All isolated compounds were categorised based on their

diverse structural skeletons.…

In vivo studies on the plant-derived MAO inhibitors

Pre-treatment with the G. biloba extract, EGb 761 was found to inhibit cerebral MAO of rat. The extract was

found to contain a mixture of both flavonoids and terpenoids as the major active compounds.

Administration of EGb761 produced reversible inhibition of MAO activity in vivo (in C-57 black mice).

EGb761 also enhanced dopamine (DA) metabolism thus preventing neurotoxicity (Rojas et al., 2004). In

contrast, a single dose of EGb761 (100 mg/kg body wright) showed no effect on MAOs levels.…

Molecular docking studies on plant-derived MAO-inhibitors

Inhibition of MAO by the phytochemicals seems to be dependent on the presence of a phenyl or

hydroxyphenyl ring. Rationalized docking studies enumerated the inhibitory properties of quercetin,

myricetin, genistein, and chrysin against the isoforms of hMAO-A and hMAO-B. Quercetin and myricetin

both interacted with Ala111, Ile180, Asn181, Thr336, and Phe208 amino acids of MAO-A. Additionally,

quercetin was found to bind to extra amino acids Gln215, Thr336, and Tyr444 of MAO-A. 4-hydroxyphenyl…

Discussion and future perspectives

Examples of plant-derived reversible MAO inhibitors viz. quercetin, myricetin, mulberrofuran G, harmine, 4-

hydroxy-3-methoxy-8,9-methylenedioxypterocarpan, genistein, (-)-maackiain, desmethoxyyangonin,

angustine, isopsoralen, psoralen, biochanin-A, luteolin, chrysoeriol and apigenin, as antidepressants and

possible anti-PD agents are mentioned in this present review. Besides competitive inhibition, the

importance of dose-dependence of such inhibition has also been discussed. Natural products…

Conclusion
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This review presents a comprehensive account towards the development of efficacious therapy of different

privileged scaffolds, including botanical-derived natural components, as potent inhibitors of different MAOs.

The current review attempted to elucidate the pharmacological profile of the different classes of natural

plant products in MAO inhibition. Considering the present guidelines for MAO inhibitors as third-line or

fourth-line treatment, it is too early to suggest their broader…
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Introductions: Mainly since the establishment of Maharashtra, Sangli
district is known as the leading district in sugarcane production. A large amount of
sugarcane has been produced from alluvial soils along the banks of rivers in Sangli
district. Co-operative sugar factories located in Sangli district depend on this
sugarcane producer. Sugarcane growers are the primary source of raw material to
the sugar factory. This is the second pillar of the sugar industry. The prosperity of
the sugar industry depends on the regular and continuous supply of sugarcane during
the harvest season. Although the farmers have a stake in the factory, they have
many options to supply sugarcane for the mill. A farmer is always aware of the
production and income of the farm, because they have invested heavily in sugarcane
cultivation. The factory should maintain good relations with the farmers to achieve
the highest target of sugar production. Sugarcane growers have some problems
with sugar mills. This study focuses on the life and work of sugarcane farmers. He
expects that first priority should be given to farmers. The factory should implement
a welfare approach for the development of farmers.

Review of Literature:
1) Jha T.N. Viswanathan K.U. (1999), published an article entitled

“Problem and Prospects of Agricultural Development in Bihar”. In this paper he
has observed the relation between irrigation and crop diversification in Bihar state.
Formation of irrigation latent involves personal and public investment. As a natural
consequence, the farmer will not only make good use of irrigation, but will also
use it in agriculture, which increases farm income

2) Patil P.V. (2002), his thesis is on “Geographical Analysis of Agricultural
Technology in Sangli district”. He analyzes the changes in farm technology and
technical equipment is inevitable as to how changes in agriculture are done.

3) S.T. Arote and Dr.S.M. Lawande (2011), studied the “Agricultural
Problems and Prospects of Yeola Taluka”. his emphasis on agriculture problems
in Nashik district of Maharashtra and Prospectus in Yeola Taluka. They said that
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Introduction : Poverty eradication is a crucial goal for any nation, and in
the context of India, addressing rural poverty is of utmost importance. The Unified
Payments Interface (UPI) has emerged as a transformative digital payment system
that has played a significant role in eliminating poverty from rural areas. This article
explores the impact of UPI in empowering rural communities, facilitating financial
inclusion, and driving socioeconomic development.

Review of Literature :
Research Articles:
1. Kumar V., (2021). “ Adoption Of Digital Payment System In Rural Area:

A Study At Ramanagara District” New Horizons XVIII, 308-310; In this research
article, Kumar V. explore the role of UPI in enhancing financial inclusion in rural
India through a case study on Ramanagara District. They examine the adoption of
UPI in rural areas and its impact on expanding access to financial services and
promoting inclusive growth.

2. Ravi, C.S. (2017). “Digital payments system and rural India: A review of
transaction to cashless economy”. International Journal of Commerce and
Management Research, 3(5), 169–173; Ravi, C.S. investigate the specific role of
UPI in enhancing financial inclusion and cashless economy in rural India. They
analyze the factors influencing the adoption and usage of UPI among rural
populations and explore its implications for inclusive economic development.

3. Rangaswamy, N., & Arora, P. (2016). “The mobile internet in the wild
and every day: Digital leisure in the slums of urban India”. International Journal
of Cultural Studies, 19(6), 611–626; Rangaswamy, N., & Arora, P. present a case
study that highlights how UPI has facilitated  entrepreneurship in urban slum
population in India. They examine how UPI-enabled digital payments have
empowered slums of urban India, facilitated market access, and contributed to income
generation and poverty reduction.

4. Ali S., & Akhtar W., (2017) “Digital Payments For Rural India - Challenges
And Opportunities”, International Journal of Management and Applied Science,
Volume-3,35-40; Ali S., & Akhtar W.,conduct an analysis of UPI adoption in rural
India, with a specific focus on its impact on financial inclusion & challenges as
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Introduction : The post-2014 period in India marked a crucial juncture in
its economic history, characterized by a series of ambitious reforms and policy
shifts aimed at revitalizing the nation’s economy and enhancing its global
competitiveness. These transformative changes, including the “Make in India”
campaign, the implementation of the Goods and Services Tax (GST), and efforts
to improve the ease of doing business, were intended to unlock India’s immense
economic potential and align it with contemporary global economic trends.

As India navigated this evolving economic landscape, it became imperative
to evaluate the resilience of its trade sector in the face of various global challenges
and opportunities. This research paper embarks on an intricate journey to
comprehend how India’s international trade dynamics evolved post-2014 within
the context of ever-changing global economic trends. We aim to explore the
multifaceted aspects of India’s trade resilience, analyzing not only its ability to
withstand external shocks but also its capacity to seize emerging opportunities.

Global economic trends have been dynamic and sometimes unpredictable,
encompassing the rise of protectionism, the growth of digital commerce, shifts in
global supply chains, and the disruptive effects of the COVID-19 pandemic.
Understanding how India responded and adapted to these trends is pivotal for
policymakers, businesses, and researchers alike. This study aspires to provide a
comprehensive assessment by examining shifts in trading partners, export-import
patterns, trade policy reforms, and the role of India in the global economic landscape.

By investigating these intricate dynamics, we intend to contribute valuable
insights that can inform future policy formulation and strategic decision-making
in both the public and private sectors. Moreover, this research aims to uncover
critical factors that have enabled India to maintain its trade resilience and identify
areas where further improvements are needed to maximize its potential on the global
stage. In doing so, we hope to illuminate the path forward for India’s trade in an
increasingly interconnected and dynamic world economy.

Literature Review :
1. Working paper of Embassy of India Washington (2017)”Brief on India-

U.S. Relations”, Ministry of external affairs [https://www.mea.gov.in/Portal/
ForeignRelation/India_US_brief.pdf]
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Introduction : Coumarin are an important class of benzopyrones being the
core unit of different natural products and exhibit a spectrum of biological activity’.
Naturally occurring Coumarin are found in many plants, notably in high concentration
in Tonka bean, woodruff, lavender, licorice, strawberries, apricots, cherries,
cinnamon, sweet clover and bison grass having vanilla like flavor, Coumarin be bound
their class name to ‘coumarou’ the vernacular name of the Tonka bean (Dipteryx
odorata willd, Fabaceae), from which Coumarin itself was isolated in 1820 by Vogel².
Due to the potential application in fragrance, pharmaceutical and agrochemical
industries it occupies an important position in natural and synthetic organic chemistry.
Coumarin comprises a vast array of biologically active compounds with several types
of pharmaceutical agents possessing anticancer, anti-HIV, anticoagulant, spasmolytic
and antibacterial activity, and cytotoxic activity in vitro and in vivo”. Natural
Coumarin, such as calanolides, isolated from Calophyllum genus has shown potent
anti-HIV activity. Wedelolactone 1(Figl) is another naturally occurring product that
is used as a venomous snake-bite antidote; and Novobiocin 2 (Fig 1) is an antibiotic,
which acts as a competitive inhibitor of the bacterial ATP binding gyrase B subunit.
Many synthetic compounds, which contain the Coumarin moiety, are well known
for their odor, stability to alkali, and availability. They are widely used in perfume,
soaps and detergents and in the preparations of insecticides, optical brightening
agents”. Coumarin was once used as a food flavoring, but was banned by the FDA
due to carcinogenicity. Some 3-substituted and 7-hydroxycoumarins have been shown
to act as photo table laser dyes that emit in the blue-green region of the visible
spectrum. The emission range increases when the 3-substituent is a heterocyclic
moiety9, Coumarin also act as intermediates for the synthesis of furocoumarins,
chromenes, coumarone and 2- acylresorcinols.

Because of their varied biological activities, the preparation of Coumarin and
its derivatives has attracted the attention of organic chemists. Various synthetic methods
have been developed for the synthesis of Coumarin. These include use of the
Knoevenagel condensation, Wittig reactions, Perkin reaction and Pechmann reaction.
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Introduction: Nanoparticles are tiny particles with dimensions in the
nanometer range, typically between 1 and 100 nanometers. They can be composed
of various material, including metals, semiconductors, polymers, and organic or
inorganic compounds.1 The unique properties of nanoparticles arise from their
small size, which leads to a high surface area-to-volume ratio and quantum effects.2

Key Characteristics of Nanoparticles:
1. Size: Nanoparticles are extremely small, often on the scale of atoms and

molecules, ranging from 1 to 100 nanometers.
2. Surface Area: Due to their small size, nanoparticles have a high surface

area relative to their volume, which makes them highly reactive and useful for
various applications.

3. Quantum Effects: At the nanoscale, materials exhibit quantum effects
that differ from the properties observed in bulk materials. These effects can include
changes in optical, electronic, and magnetic properties.

4. Versatility: Nanoparticles can be engineered to have specific properties
by manipulating their size, shape, and composition. This versatility makes them
valuable in a wide range of applications.

5. Interactions: Nanoparticles can interact with biological systems, tissues,
and cells in ways that larger particles or bulk materials cannot. This property is
exploited in various fields, including medicine and biotechnology.3

Objectives:
• Provide an overview of major nanoparticle synthesis methods.
• Explore recent advancements in nanoparticle synthesis techniques.
• Discuss the potential applications of nanoparticles synthesized through

different methods.
Challenges and Concerns:
1. Toxicity: The potential health and environmental impact of nanoparticles is

a concern, especially when they are used in consumer products or medical applications.
2. Regulation: Due to the unique properties of nanoparticles, regulatory

frameworks may need to be adapted to address their specific challenges and ensure safety.
3. Ethical Considerations: The ethical implications of using nanoparticles
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Introduction : The national educational policy 2020 is the first education
policy of the 21st century and aims to address the many growing developmental
imperatives of our country. This policy proposes the revision and revamping of all
aspects of the education structure, including its regulation and governance, to create
a new system that is aligned with the aspirational goals of 21st century education,
including SDG4, while building upon India’s traditions and value systems. The
National Education Policy lays particular emphasis on the development of the
creative potential of each individual. It is based on the principle that education
must develop not only cognitive capacities- both the ‘foundational capacities’ of
literacy and numeracy and ‘higher-order’ cognitive capacities such as critical
thinking and problem solving- but also the social, ethical and emotional capacities
and dispositions.

The purpose of the education system is to develop good human beings
capable of rational thought and action, possessing compassion and empathy,
courage and resilience, scientific temper and creative imagination, with sound
ethical moorings and values. It aims at producing engaged, productive and
contributing citizens for building an equitable, inclusive and plural society as
envisaged by our constitution. A good education institution is one in which every
student feels welcomed and career for, where a safe and stimulating learning
environment exists, a wide range of learning experiences are offered, good physical
infrastructure and appropriate resources conductive to learning are available to
all students. Attaining these qualities must also be seamless integration and
coordination across institutions and all the stages of education.

The fundamental principles that will guide both the education system at
large, as well as the individual institutions within are: recognising, identifying
and fostering the unique capabilities of each student, by sensitizing teachers as
well as parents to promote each student’s holistic development in both academic
and non- academic spheres. According to highest priority to achieving foundational
literacy and numeracy by all students by grade 3. Learners have the flexibility to
choose their programmes, their own paths in life according to their talents and
interests. There is no hard separations between arts and sciences, between curricular
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The present paper focuses on Racial Discrimination in Dennis Brutus’s Poem
Letters to Martha.  Dennis Brutus is a South African poet. His poetry is the proof
of the fact that the artist in him has always functioned in African society and as the
voice of vision in his own times. Dennis Brutus was in exile. He was arrested,
imprisoned and shot while trying to escape from South African police. He had an
active political life. He was the president of the South African Non-Racial Olympic
committee. He wrote about what he had seen around him. He wrote about racial
discrimination, apartheid regime and white supremacy in South Africa. He fought
for freedom, justice and peace in South Africa. His poetry is a direct response to a
horrible socio-political situation. Every page of his poetry bristles with images of
searing pain, spilling blood, contorting hearts or wracking nerves, His poetry
shocks, stimulates, agitates, educates and activates us about the South African
society and South African reality. His voice is the voice of the people. His poetry
is a socio-political discourse of the South African situation.

 Dennis Brutus’s A Simple Lust was first published by Heineman Educational
Books in 1973. It’s Part I contains Sirens, Knuekles, Books and Other Early Poems.
And part II consists of Letters to Martha. This second section includes early poems,
poems about prison, poems written while arrest and into exileDennis Brutus fights
with fear of the coloured South Africans about the whites in his poetry. His
understanding of ‘the anonymous powers of fear and its corrosive action makes it
easier for him to forgive treacherous and indifferent South African blacks. In Letters
to Martha, there are eighteen letters along with Early Poems, ‘Poems about prison’
and ‘Postscripts’. The first letter is about the fear of the inmates in prison. Even in
prison the inmates are full of apprehensions that arise from

The load of approaching days
Apprehension-
The hints of brutality
After the sentence, there is a feeling of fear and the prisons are appalled to

see the nails and screws of steel. They are filled with ‘the steel-bright horror’ to
see the knives in the morning air.
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Introductions: Mainly since the establishment of Maharashtra, Sangli
district is known as the leading district in sugarcane production. A large amount of
sugarcane has been produced from alluvial soils along the banks of rivers in Sangli
district. Co-operative sugar factories located in Sangli district depend on this
sugarcane producer. Sugarcane growers are the primary source of raw material to
the sugar factory. This is the second pillar of the sugar industry. The prosperity of
the sugar industry depends on the regular and continuous supply of sugarcane during
the harvest season. Although the farmers have a stake in the factory, they have
many options to supply sugarcane for the mill. A farmer is always aware of the
production and income of the farm, because they have invested heavily in sugarcane
cultivation. The factory should maintain good relations with the farmers to achieve
the highest target of sugar production. Sugarcane growers have some problems
with sugar mills. This study focuses on the life and work of sugarcane farmers. He
expects that first priority should be given to farmers. The factory should implement
a welfare approach for the development of farmers.

Review of Literature:
1) Jha T.N. Viswanathan K.U. (1999), published an article entitled

“Problem and Prospects of Agricultural Development in Bihar”. In this paper he
has observed the relation between irrigation and crop diversification in Bihar state.
Formation of irrigation latent involves personal and public investment. As a natural
consequence, the farmer will not only make good use of irrigation, but will also
use it in agriculture, which increases farm income

2) Patil P.V. (2002), his thesis is on “Geographical Analysis of Agricultural
Technology in Sangli district”. He analyzes the changes in farm technology and
technical equipment is inevitable as to how changes in agriculture are done.

3) S.T. Arote and Dr.S.M. Lawande (2011), studied the “Agricultural
Problems and Prospects of Yeola Taluka”. his emphasis on agriculture problems
in Nashik district of Maharashtra and Prospectus in Yeola Taluka. They said that
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Introduction : The most valuable natural resource for our daily life is water.
Even while water makes up almost the entire land surface, only a small percentage
of it is actually available, making it an essential resource. Water resource are limited,
so, must be used with carefully. Water must be careful before use. Polluted water
and water bodies is not good indicator for environmental degradation, it is also a
dangers for the human being and ecosystem also. There for Water sources checked
for the regular uses it’s for good to human life or industries also. Good Water quality
always better for human being and environment also. Water quality related to the
content of physical, chemical and biological in water. Polluted water and water
bodies is harmful to the ecology as well as being a sign of environmental
degradation. In the industries there were water quality are very hard or poor so
that is very bad significant to financial loss. So Examine or Analysis of the water’s
quality is necessary before using. We use water for a various purpose; hence we
must be careful to when using it. Water can be used for drinking, everyday tasks of
our life, industry, agriculture, and other purposes. In other word chemical, physical,
and biological standards are required for each use in order to achieve the objective
that was set. Standards for water quality are implemented to guarantee that water
is used appropriately and efficiently for intended purposes. The purpose of a water
quality analysis is to measure the necessary. Water parameters are using for the
accepted practices and determine if the results meet standards. The primary function
of water quality analysis is monitoring. Among the significance of this evaluation
are followings:

· To determine if the water quality satisfies the requirements and is thus
appropriate for the intended application.

· To monitor the water quality and efficiency of the system.
·  To keep an eye on whether the requirements for water quality can be

achieved. Analysis of water quality is important for the public health and industrial
use.

Water Quality Analysis Procedures :
The processes for an analysis of the general water quality is following.
1. Collect the Water Sample
2. Selection of Methods
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Introduction: The novel Tracks argue that the space between the Native
and Western world’s demands re-conception of home. It also suggests a type of
warning to Natives who lose their connections to land, family, culture, language
i.e. home. Home is not just a restoration but its power should not be transgressed,
or the price of it may be too dear. Louise Erdrich’s novel emphasizes the undeniable
link between culture, place, heritage, people, imagination and time. Evers continues,
‘By imagining who and what they are in relation to particular landscapes, cultures
and individual members of cultures form a close relation with those landscapes.

The present novel relates the consequences of Fleur Pillager’s selfish quest
for revenge on the man named John James Mauser who stole her land. In order to
enter Mauser’s residence to kill him, Fleur changes her appearance as a maid in
need of work. She is successful in this initial task. Her desire to make Mauser
suffer all the more, ironically, ends with her accepting Mauser’s an emotional
request for life. She offers to take her as his new wife. Her decisions are distinct
disadvantages to her, her family, and community. Fleur’s temporary stay leaves
her an alcoholic, daughterless, and the mother of Mauser’s mixed-blood, mentally
deficient son. Only in coming home does Fleur survive the ordeal, some pieces of
her life never return.

In Tracks, Natives negotiate the conflicting forces of Native and Western
ideologies to ensure their cultural, social, and economic survival. Tracks portray
home theme in its most traditionally Native sense. The plot centres on the seemingly
hopeless fight to keep Pillager and Kashpaw homelands. This struggle is worsened
by in-clan fighting and the eventual split of mixed-blood families as Morrissey
and Lazarus who wish to sell their lands.

John Gamber have done much to argue similar points, it is also beneficial
to view Erdrich’s Tracks in light of Edward Said’s understanding of Poetics of
Space. Said contends ‘The objective space of a house its corners, corridors, cellar,
rooms are far less important than what poetically it is endowed with, which is
usually a quality with an imaginative or figurative value we can name and feel’.
Erdrich’s Tracks is the creation of the world and its people with such fidelity and
power that they become part of the common memory. Place, Imagination, people,
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Introduction : AI is driving personalization and recommendation systems,
enabling e-commerce platforms to deliver tailored shopping experiences. Machine
learning algorithms analyze vast amounts of data, considering user behavior,
preferences, and browsing history to offer product recommendations that enhance
customer satisfaction and boost sales. This customization not only increases
conversion rates but also fosters customer loyalty. Furthermore, AI-powered
chatbots and virtual assistants are improving customer service, providing immediate
responses to inquiries, resolving issues, and even assisting with purchase decisions.
These conversational AI agents are available 24/7, delivering a more efficient and
engaging shopping experience. Supply chain management is another area where
AI is making a profound impact. Predictive analytics and AI-driven demand
forecasting optimize inventory levels, reduce warehousing costs, and minimize
stock outs. Additionally, AI enhances logistics and delivery through route
optimization, real-time tracking, and last-mile delivery solutions, leading to faster
and more cost-effective shipping. AI’s data analytics capabilities are revolutionizing
marketing strategies. It enables businesses to segment their target audience, develop
hyper-personalized marketing campaigns, and analyze customer sentiment through
sentiment analysis. AI-driven marketing automation tools also streamline marketing
efforts, allowing e-commerce platforms to reach their audience at the right time
with the right content.

1. Meaning of E-Commerce : E-commerce, an abbreviation for electronic
commerce, enables the exchange of goods and services over the internet. It’s akin
to operating a virtual store where individuals can peruse items, make transactions,
and finalize purchases without the necessity of visiting a brick-and-mortar location.
E-commerce has revolutionized the way people shop and conduct business,
providing the convenience of online shopping and transactions around the clock,
all from the convenience of their homes.

1.2 Meaning of Artificial Intelligence : Artificial Intelligence, commonly
known as AI, is a branch of computer science dedicated to designing intelligent
systems that mimic human-like thinking. This involves the creation of software
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Introduction :  When a light source interacts with a material’s surface (i.e.
semiconductor materials) the process or activity known as “photocatalysis. For this
process, at least two processes must occur at the same time; an oxidation reaction
using photogenerated holes and a reduction reaction using photogenerated electrons.
The photocatalyst species itself should not alter in any way while the process is
underway, hence the two aforementioned processes must precisely synchronize at
the same time. Earle 1972, Fujishima and Honda are recognized as the pioneering
scientists who successfully accomplished electrochemical photocatalysis of water
at a semiconductor electrode.1 Subsequent research revealed that TiO

2
 (titanium

dioxide) aids in the breakdown of cyanide in water, which in turn led to an increase
in interest in the material’s potential environmental uses.

Fig,1- Basic reaction mechanism of photocatalysis
The decomposition of various pollutants and improvement of atmospheric

quality are both possible in a real-world setting through the effective and practical
application of photocatalysis. As a result, the building and construction sector can
employ the photocatalysis process to enhance indoor air quality. With the aid of
doped or undoped nanostructure materials, possible photocatalytical applications
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Abstract: 

 In modern English, digital technology represents a significant advancement. Technology helps students 

learn more effectively and enables teachers to improve their instruction and whole process of teaching and 

learning. Modern English teachers fully embrace a number of educational promotion strategies. The present paper 

presents how literature and culture combined with technology can be used to improve student learning effectively. 

Keywords: Multimedia, ICT, technology, literature, e-book, computer, book, Internet, web, etc.  

Introduction: 

Technology is an integral part of students‘ life, which is why they seek to find it in the teaching process 

as well. As a result, the academic staff has begun to develop educational programs that offer a variety of 

didactics. Community activities, group projects, online platforms and other teaching strategies motivate students 

to study in ways similar to their individual preferences. In this scenario, the introduction of technology into 

learning programs is no longer a choice but a necessity, a very important tool for both students and academic 

staff. The generation of digital born uses the technology, by transforming different occasions, sounds and images 

from one territory to another, from one screen to another, in notebooks, smartphones, iPods, iPads, etc. This 

generation has a different perception of time. It is ‗multitasking‘, which means that they can accomplish many 

things at the same time, such as: studying, sending messages, chatting with others; everything at the same time 

and in a very astonishing way. Innovative processes, nowadays, are becoming everyday more and more main 

components of the educational system as students, being most of them part of the ‗digital migrants‘, are urging 

their lecturers to be included in their world, which changes very quickly and continuously. Education starts from 

communication. The current generation of students is always asking lecturers to undertake new roles. They are 

asked to introduce the new materials in a new format, more communicative and direct, through which they can be 

accessible and exchanged mutually. 

In the field of literature these challenges reinforce the perspective that literature is at the same time a 

place of communication and an expression of artistic expression created through the science of linguistics. By 

communicating, the lecturers convey knowledge and achieve feedback from the students, and then this enriched 

knowledge is brought back to them by creating complete exchange cycles. Constantly, conversations extend 

beyond classes through forums in all types of media.  

The Impact of digital technology in literature:  
The technology and tools provided by it provide a unique platform for both the well-known authors and 

ordinary people. People today freely express their thoughts using electronic media such as blogs and social 

networks. Technology today also enables one-to-one correspondence between an author and a reader, simplifying 

access to and understanding of literature by students, researchers, and readers.  Online literature access by 

academics is increasing day by day. An increasing number of academic institutions are designing their online 

courses such as courses in literature, linguistics, creative writing, etc. Among the key events that characterize the 

rapid development of technology, there is the development of multimedia, a technology that brought together 

hardware and software. It was called digital fusion: the melting of digital technologies based on computer usage. 

The development of multimedia, featuring Hypertext and E-books, brought radical changes in the field of 

literature because they revolutionized the way of writing and reading. 

Contribution of Technology in the study of literature: 
By using technology, students acquire a higher level of control on sharing knowledge: they can access 

information, learning fields, as well as other sources in the most appropriate time for them and according to their 

engagements and lifestyle. Technology helps them to choose the time of accessing information sources, which 

can be integrated within the study course and can be completed after the auditoriums, in libraries or with standard 

methods of knowledge distribution.Even if they are not physically (or temporarily) together, they can 

communicate and discuss their ideas with each other. Technologies such as emails or other communication 

platforms provide them with precious environments in which communication can continue even outside 

university auditoriums. The study of literature through multimedia represents a new technique, which is more 

attractive compared to traditional books where verbal comprehension is predominant. It creates interactive 
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activities and provides students with opportunities to study authors and textbooks using a variety of media and 

sources of information. It involves collaborative work and turns out to be a powerful catalyst for cooperative 

learning. Students use a wide range of strategies to experience, understand, interpret, and evaluate the 

texts.Students and their lecturers share sources of information by encouraging a way of interdisciplinary thinking 

as well as a cross-curricular approach. The style of studying is best suited to teaching methods and thus becomes 

more effective and more efficient. The variety of materials and integrated methods motivates students more. They 

manage to create their ideas in a new format, using visual language, in addition to spoken and written language. 

The use of multimedia supports constructive learning - students build thinking patterns to understand the world 

around them, or else they manage to build knowledge structures. Moreover, multimedia supports learning 

independently through information and events control. However, today we can use a list of more developed 

applications to help students and lecturers.These applications do not only offer students free of charge a 

significant number of texts in differentformats, but also provide information on how to understand these 

textbooks by developing their desire for reading and literature. I am mentioning some of these applications: 

Goodreads – Designed to help find and use shared books. Students can exchange recommendations for different 

books or suggest new books based on the preferences they have expressed in online communities. In addition, 

they can categorize and make reviews of favourite books, or keep book entries in reading. This app contains over 

2000 eBooks. 

Audible – It is quite valuable, especially for those students who have difficulty concentrating. Through the 

application, users can hear hundreds of thousands of audio books, enabling labeling of different parts while 

reading. This application, giving students the opportunity to earn different badges, motivates them to read / listen. 

SparkNotes – through this application, students can read book reviews, character reviews, and general analysis of 

literary works. If a copy of a current book is not available, the application helps students in the best sense of a 

reading or finding information to include in their literary theses. 

Literary Analysis Guide – an application to assist in the preparation of literary analysis theses or any other 

related activity. It is equipped with three mechanisms that contain information about poetry, prose, and rhetoric. 

Using these mechanisms, students can access summaries and examples of more general literary terms that help 

them further in performing their literary assignment. 

Literary Review – professors who are increasingly looking for the latest developments in the world of literature 

can use this application. Although full access requires subscription in the Literary Review, the cost is personal, 

nominative and gives access to the latest publications in many genres and critical literary discussions. The 

application also provides the ability to search previous publications to find teaching-related articles. 

Kindle – an app that gives users the ability to download eBooks from Amazon directly to a  

smartphone or tablet. To read eBooks the app is also equipped with a vocabulary and offers the ability to read and 

transfer to PDF format. 

Conclusion: 
Today we can say with conviction that the time of literary teaching based solely on literary text is 

ending. It is true that the teaching of literature in today's world, dominated by technology and multimedia, is 

becoming more and more complicated. But at the same time information and communication technology sources 

can be the solution to the challenges faced by professors in order to incorporate and motivate their students in 

literary studies. Technology provides ways to find the best research methods and techniques, the method for 

disseminating study material, provides advanced search tools, and can also provide the page that helps the teacher 

guide the student in implementing new techniques. It helps to studying and experimenting; a new teaching 

method adds an interest to the subject. But we should bear in mind that technology is only one approach that 

needs to be adopted, the success of this method is not guaranteed at all costs, but with a well thought-out use and 

appropriate integration in the subject matter, it can become an extremely effective tool important for both the 

lecturer and the student. 
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Introduction : One of the essential aspects of human existence is travel.
Travelling is a trip, whether it is across town or to a distant country, and it alters
history, the person telling the stories, and themselves.

According to its etymology, the word ‘travel’ comes from the verb ‘travailen,’
which means ‘to make a journey.’ Its original meaning was ‘to toil, labour.’ Therefore,
the idea of ‘go on a difficult journey’ may have contributed to the semantic evolution.
In the richness of the English language, there are even phrases that signify “travel,”
such as ‘movement,’ ‘mobility,’ ‘tour,’ ‘errand,’ ‘wandering,’ ‘trip,’ and so on. Almost
every one of these words refers to moving from one location to another.

In Xanadu: A Quest, William Dalrymple makes his literary career as a travel
writer who is expected to become a bright star. Published in 1989, the book
embodies all the characteristics of travel writing, with Dalrymple’s clever adoption
of Marco Polo’s route—from Jerusalem to Shang tu in China, known in the West
as ‘Xanadu,’ a term Samuel Taylor Coleridge used to refer to the region—following
Marco Polo’s footsteps from the Middle East into China.

In addition to being a bestseller and winning the Yorkshire Post Best First
Work Award and Scottish Arts Council Spring Book Award in 1990, the book gained
enormous popularity. After learning about the proposed opening of the Karakoram
Highway in eastern Asia during his final year of study, William decides to follow the
entire Marco Polo route, which he initially claims to be the first of its kind. He says,
“It was my then girlfriend Louisa who spotted the small article in the New York
Herald Tribune which announced the opening of the [Karakoram] highway and
together we decided to mount an expedition to follow in the Venetian’s footsteps.”

Many had, like us, set off in his tracks but no one had ever managed to
complete the journey. … But in the spring of 1986 the opening of the Karakoram
Highway, the mountain road which links Pakistan with China, made it possible
for the first time, perhaps since the thirteenth century, to plan an overland route
between Jerusalem and Xanadu and to attempt to carry a phial of Holy Oil from
one to the other. The war in Afghanistan prevented the whole of Polo’s journey
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Abstract 

 In the 21th century, every aspect of human life has been reshaped by technology. Man‘s curiosity about 

life and unquenched thirst for power causes unending cycle of progress and has made us what we are. It gives rise 

to life full of complexities and unresolved knots. People are entangled in co-constitutive relationships with nature 

and the environment with other animals and organism with medicine, technology, and science. It creates many 

questions before humanity. Humanity means the things that make us human. The writers have the power to heal 

and guide the society with their words and insights. Even writers can offer a sense of solace and expose the needs 

that make world better. They have power to change the culture. Writers through their writing also explore their 

view about humanity and post-humanity. The present paper tries to explore the feminist posthumanism in 

Manjula Padmanabhan‘s dystopian novel Escape. 

Keywords: Posthumanism, dystopian, utopia,feminism , patriarchy 

 Because of this during the last years, there is a sudden increase in the popularity of a particular genre 

within Science Fiction that is dystopia. Nowadays the dystopian genre is almost familiar to every one of us. There 

are also some movies that based on literary dystopia which attract the attention of researchers. The most common 

feature of dystopian is the lack or degradation of moral values. The present research work focuses on feminist 

post-humanism in Manjula Padmanabhan‘s  dystopian novel Escape. The analysis has focused on some specific 

dystopian features like image of post-human women, journey of female characters from non-human to post-

human, the hierarchy and gender roles in novel. A feminist is someone who supports equal right for women 

means a person who believes in and supports feminism. The word feminist comes from feminism, which 

originally meant simply ―being feminine‖, or ―being women‖. If person believe that women should have the same 

political, social and economic rights as men, then that person is feminist. Feminist theory is the extension of 

feminism into theoretical, fictional or philosophical discourse. It examines women‘s and men‘s social roles, 

experiences, interests, chores and feminist politics in variety of fields such as sociology, home economics, 

literature, education, philosophy  and other. In literature feminist theory often focuses on analyzing gender 

inequality. It generally explored the themes like discrimination, oppression, sexual objectification, patriarchy and 

comodification of women. The present paper tries to explore the dystopian society in which gender inequalities 

are intensified.  

 There is combination of three terms in post humanism. First is human, which marked by his thinking / 

intelligence, who is able to plot his / her own course of action on needs, desires, wishes. Second term is 

humanism which means the study of individual subject and composite features. It treats the human subject as at 

the centre of the human‘s thoughts and actions. It is a rational philosophy informed by science, inspired by art, 

and motivated by compassion. It gives emphasis on the principle that human beings have the right and 

responsibility to give meaning and shape to  their own lives. It emphasizes a concern for humans in relation to the 

world.Post humanism is a recent trend in literature which means ―after humanism‖ or beyond humanism. It refers 

to technologically engendered nonhumans or post humans.  Post humans are smarter than humans like aliens.  

Common human beings can‘t understand them. Post humanism explores the nature of the human in the age of 

advanced biotechnology, genetic engineering, and computers. Posthumanism refers more advanced human. Sci-fi 

dystopian novels describe the future course of human evolution.  Posthimanism   tries to explain the new 

conceptualization of humans and their ultramodern avatar. Posthumanism states that the future doesn‘t belong to 

human kind. Human may be replaced by robots, aliens or evolved, enhanced animals, isolation in the virtual 

world and   digital sexuality.  

 The roots of feminist post humanism can be found  in the early thoughts and works of Simone de 

Beauvoir, Helene Cixous, Jacques Derrida, Micheal Foucault, and also in feminist movement, studies and 

philosophy. Feminist post humanism theory separates the human from all those considered non-human. There is 

complex entanglement between humans and non-humans, machines, human animals. It made dualistic divisions 

and hierarchies between organism and machine, mind and body, nature and culture, human and animals, male and 

female.  

 Dystopia means an imagined world or society in which people lead wretched dehumanized and fearful 

lives. It is a very bad or unfair society in which there is a lot of suffering, especially an imaginary society in the 

future, after something terrible has happened. It is a literary device and genre used by writers to present a vision 








	Piper longum L.: A comprehensive review on traditional uses, phytochemistry, pharmacology, and health-promoting activities
	1  INTRODUCTION
	2  METHODOLOGY
	2.1  Search engines
	2.2  Inclusion criteria
	2.3  Data extraction

	3  DISTRIBUTION, CULTIVATION, TAXONOMY, AND MORPHOLOGICAL DESCRIPTION
	3.1  Geographical distribution
	3.2  Cultivation and propagation
	3.3  Morphological description

	4  TRADITIONAL USES
	5  PHYTOCHEMISTRY
	5.1  Phytochemicals identified from the whole plant
	5.2  Phytochemicals identified from the stem
	5.3  Phytochemicals identified from the leaf
	5.4  Phytochemicals identified from the inflorescence
	5.5  Phytochemicals from the fruits
	5.6  Phytochemicals identified from the seed
	5.7  Phyochemicals identified from the roots

	6  PHARMACOLOGICAL ACTIVITIES
	6.1  Antiproliferative, anticancer, and antitumour activities
	6.2  Neuro-pharmacological activity
	6.2.1  Anti-Alzheimer's disease activity
	6.2.2  Anti-Parkinson's disease activity
	6.2.3  Antidepressant activity
	6.2.4  Antistress activity
	6.2.5  Central nervous system depressant activity
	6.2.6  Nootropic effect
	6.2.7  Anticonvulsant and antiepileptic activities

	6.3  Antiinflammatory, analgesic, antiarthritic, and antiosteoporotic activities
	6.4  Antihyperglycaemic activity
	6.5  Antihyperlipidaemic activity
	6.6  Antioxidant activity
	6.7  Hepatoprotective activity
	6.8  Antiulcer activity
	6.9  Biocidal activities
	6.9.1  Antibacterial activity
	6.9.2  Antifungal activity
	6.9.3  Antiparasitic activity
	6.9.4  Scolicidal activity
	6.9.5  Anthelmintic and insecticidal properties
	6.9.6  Acaricidal activity
	6.9.7  Antiamoebic activity
	6.9.8  Mosquito larvicidal and adulticidal activities
	6.9.9  Molluscicidal activity

	6.10  Miscellaneous biological activities
	6.10.1  Antifertility activity
	6.10.2  Cardio-protective and coronary vasodilating activity
	6.10.3  Vas0-relaxant activity
	6.10.4  Antiplatelet activity
	6.10.5  Melanin inhibitory activity
	6.10.6  Melanin stimulatory activity
	6.10.7  Antiobesity effect
	6.10.8  Antiangiogenic activity
	6.10.9  ACE inhibitory activity
	6.10.10  Radioprotection
	6.10.11  Anti-snake venom activity
	6.10.12  Immunomodulatory activity


	7  PIPER LONGUM IN GREEN SYNTHESIS AND NANOTECHNOLOGY
	8  CLINICAL STUDIES
	9  TOXICITY PROFILE
	10  PIPER LONGUM AS BIOAVAILABILITY ENHANCER
	11  CONCLUSIONS AND PERSPECTIVES
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	REFERENCES

	Cytokinin and abiotic stress tolerance -What has been accomplished and the way forward?
	Challenging environmental factors and cytokinin
	Plant mechanisms for sensing and response to abiotic stress
	Cytokinin in plant development and stress adaptation
	Role of cytokinin in plant response and regulation to abiotic stress
	Nutrient deficiency stress
	Light stress
	Cold stress
	Heat stress
	Salt stress
	Drought stress

	Interactions of cytokinin with other phytohormones under abiotic stresses
	Priming as a strategy to develop abiotic stress tolerance
	Genetic engineering of cytokinin for improving or redesigning plant abiotic stress tolerance
	Future prospects
	Concluding remarks
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References


