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Editorial

Tribute to PROF. NANDADULAL PARIA (01.11.1950-14.01.2023)
— a versatile botanist

The study of plant science remains incomplete without taxonomy. The diversity of plants in our planet needs to
be understood and organized. Taxonomy deals with naming, describing and classification of plants,
Classification is based on behavioural, genetic and biochemical
variations. Characterization, identification, and classification are the
processes of taxonomy. This classification helps us to easily
communicate about plants. Taxonomy identifies and elaborates the
components of biological diversity providing basic knowledge
underpinning management and implementation of the Convention on
Biological Diversity. Not many are there in this branch of botany as the
intricacies of nomenclature and naming are not interesting to many.
Among the list of a handful of plant taxonomists we lost one of the
renowned and distinguished teachers, Prof. Nandadulal Paria of the
Department of Botany, University of Calcutta, on 14th January 2023,
Death has taken away an outstanding academician, genuine gentleman,
a loving husband and father and deprived so many others including us
all. Dr. N.D. Paria, Professor and former Head, Department of Botany,
University of Calcutta, was actively engaged in teaching and research in
Angiosperm Taxonomy, Biodiversity and Conservation,
Biosystematics, Palynology, Ethnobotany, Medicinal Plants, Seed and
Seedling Morphology.

Born in the district of Midnapore in 1950, Prof. Paria obtained his M.Sc. and Ph.D. degree from the University of
Calcutta. He joined the Department of Botany in 1974 as Herbarium Keeper of Calcutta University Herbarium
(CUH) and subsequently held the positions of Lecturer, Senior Lecturer, Reader and Professor of Botany in the
same Department. He was the Head of the Department of Botany and Chairman of the Board of U.G and P.G.
studies in Botany and Dean, Faculty of Fine Arts, Music and Home Science (Calcutta University), Convener,
Ph.D. Committee in Botany, Calcutta University. Subsequently he became the Vice Chancellor of Vidyasagar
University for about a year in 2011. He also served Netaji Subhas Open University and was also a member of
different Selection Committees in colleges and universities.

He was associated with the Botanical Society of Bengal and served in the capacity of President, Secretary,
Executive Council member, as well as Chief Editor, Journal of Botanical Society of Bengal. He was also the
Associate Editor, Science and Culture, Indian Science News Association.

Prof. Paria's notable contribution to floristics includes the account of the "Flora of Ballygunge Science College
Compound', 'Herbaceous flora of South 24 Parganas', 'Chilkigarh' and 'The Flora of Hazaribagh District, Bihar'
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published by the Botanical Survey of India. His interests in medicinal plants led to the publication of 'Medicinal
Plant Resources of South West Bengal' published by the Directorate of Forests, Government of West Bengal. He
was the contributing author for the Botany part of 'A Treatise of Indian Medicinal Plants’ volumes I-VI edited by
Prof. Asima Chatterjree and Dr. S.C. Pakrashi, published by the CSIR. He was the member of the editorial board
of the book "Biodiversity of Raj Bhaban", Kolkata, West Bengal published in 2015. He introduced and
developed the research in seedling morphology in India and is considered as a pioneer in this field of research. He
supervised twenty one Ph.D. theses and published more than 104 articles in national and international journals
and 10 books.

Prof. Paria was the recipient of the Finnish Government Post-Doctoral Scholarship, Prof. V. V. Sivarajan Gold
Medal by Indian Association for Angiosperm Taxonomy (IAAT), Calicut, Kerala, Dr. S.K. Jain Gold Medal from
the Association for Plant Taxonomy, Dehradun. He was the Fellow of the Linnaean Society of London, Indian
Botanical Society, Indian Association for Angiosperm Taxonomy, Association for Plant Taxonomy and West
Bengal Academy of Science and Technology. He was life Member of Botanical Society of Bengal, Indian
Science Congress Association and Indian Science News Association. He visited and studied the boreal flora and
vegetation of Finnish Lapland and Aland Islands, Botanical Garden of Linnaeus in Uppsala in Sweden, the
Palynological Laboratory of Naturhistoriska Riksmuseet (Stockholm), and Institute of Systematic Botany
(Uppsala) for exchange of knowledge; V.L. Komarov Botanical Institute, Leningrad, USSR for academic
interactions; Jordrell Research Laboratory, Royal Botanic Garden and Herbarium in Kew: British Museum of
Natural History, London; Museums, Libraries, Plant Science Laboratory and Herbarium in Department of
Botany, University of Reading, UK. in collaboration with the British Council, Calcutta and London for
academic interactions. He also visited Rijks herbarium and several Research Laboratories in Leiden,
Netherlands for academic interest.

Life can be fleeting, but a life lived to the fullest leaves behind fond memories. Prof. Paria through his charming
personality, decorous behaviour, thoughtfulness, love and concern for others is engraved in our minds. His
untimely and sudden demise has been painful for his family as well as to all the Botany fraternity.

Subir Bera
Ashalata D'Rozario
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Old enemy, new tools: Tackling Late blight epidemics in the genomics era
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Epidemics or pandemics is a term we often associate
with human diseases, especially after COVID-19. But
pandemics aren't just for humans — they also sweep
through the plant world. In an era of animal pandemics
— tuberculosis, smallpox, COVID-19 — it's easy to
overlook the fact that plant epidemics can have an
equal or more devastating impact on human society.
Even though plants are essential not only for over 98%
of the oxygen we breathe and 80% of the food we eat
but also for 70% of the drugs we use, besides a myriad
of other dependent functions, yet, plant health is not a
very familiar term, in contrast to human health.
Human global health and plant global health are
linked. Food security and livelihoods are linked to
agriculture and human health is linked to the food we
consume. While it is pretty obvious that plant
pathogens causing epidemics on food crops compete
with humans for the same food but it still may not be
very apparent in our perceptions that they are therefore
our enemies. Healthy plants hold the key to the
sustainable intensification of agriculture for feeding
the growing global population by 2050. Therefore
recognition, advocacy, and support for the promotion
of plant health are of paramount importance for a food-
secure world based on stable and sustainable
ecosystems.

Ironically, the UN's 2020 International Year of Plant

*Corresponding author : s_guharoy(@wbsu.ac.in

Health (IYPH), whose goal was to bring about
enhanced awareness about plant health, coincided
with the peak of COVID-19 infections around the
world and had to be extended till 2021 and once again
the immediate human health concerns masked the
important issue of plant health. However, the Covid
experience has made humankind wiser to the fact that
animal, human, and environmental health are
interconnected, resulting in the 'One Health' concept.
One Health has been defined as an approach to the
pursuit of public health and well-being that recognizes
the interconnections between people, animals, plants,
and their shared environment (WHO, 2021). This
perspective can help optimize net benefits from plant
protection, realizing food security and nutrition gains,
while minimizing unintentional negative impacts of
plant health practices on people, animals and
ccosystems (Hoffmann et al., 2022) and perhaps,
therefore, is poised to change our understanding
regarding the urgency of protecting plant health for
human existence.

Plant diseases causing epidemics that have societal
impacts are not new (Ristaino et al., 2021; Schumann
and D'Arcy, 2012), but the approaches for its
management have changed which now envisages
having improved early detection systems,
understanding the attributes of genome biology and
population structure of the pathogen related to disease
formation, undertaking routine plant disease
surveillance in crop fields, and followingitup with
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field pathogenomics where feasible; all to help with
better grower decisions resulting in preventing the
build-up of epidemics through an integrated Decision
Support System. Also, as the issues of plant health and
biosecurity are borderless and plant pathogens do not
respect political boundaries, therefore the approach to
tackling them successfully must transcend national
boundaries through international collaborative efforts.
The strategy must be based on three key principles; (a)
risk anticipation (b) risk surveillance and management
(c) risk awareness and communication. These require
considerable resources and as past experiences have
shown, the only way forward is through the formation
of global teams and consortia. The overall goal is to
detect emerging plant disease outbreaks early on - and
contain them — before they begin to spread and cause
severe damage. Reducing crop losses from existing
and emerging plant health threats is critical for
achieving the United Nations Sustainable
Development Goal 2 which strives for zero hunger.

Today, we have several plant health threats which are
existing, emerging and even remerging, all of which
have epidemic potential. However, we also
reassuringly have some recent encouraging examples
of the use of the above-mentioned new tools as well as
active international collaboration which have resulted
in epidemics which were prevented or better managed.
One such example of an emerging disease is that of the
recent 2016 wheat blast (WB) in Bangladesh caused
by a South American lincage of a hemibiotrophic
filamentous fungus Magnaporthe oryzae Triticum
(MoT) pathotype possibly as a result of grain imports
into Bangladesh. (Callaway, 2016; Islam et al., 2016).
The international coordinated efforts not only allowed
detection, strain identification and genome analyses
rapidly within a period of about 6 weeks (diseased
symptoms first seen in early February 2016, field
collection on March 16th and on April 27th 2016
analyses completed) enabling timely management of
the epidemic which would have otherwise threatened
the food security of Bangladesh and also spread to
India. The introduction of WB into Bangladesh had
caused great concern for food security in the South
Asia region, home to 300 million undernourished
people and whose inhabitants consume over 100
million tons of whelat each year. Immediately after the
2016 WB outbreak in Bangladesh, the Government of
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Bangladesh, the International Maize and Wheat
Improvement Center (CIMMYT) and FAO took
prompt action and led to the formation of an
emergency task force to develop immediate and short-
term recommendations for the Ministry of Agriculture
to mitigate WB disease in Bangladesh. The Indian
Government similarly formed expert committees/task
forces and on its part along with other measures
ensured a 'wheat holiday' by banning its cultivation
near the borderline (~2,200 km) and restricting the
movement of wheat grains from the infected area. All
these measures have borne fruit and since November
2019, the 'wheat holiday' is finally over in India.

In this instance, genomic surveillance was rapidly
applied to monitor plant disease outbreaks and provide
valuable information regarding the identity and origin
of the infectious agent. Then field pathogenomics
(transcriptome sequencing of both symptomatic and
asymptomatic wheat leaf samples from fields in
different regions of Bangladesh) was used to create
RNA-seq libraries using Illumina technology and after
trimming, the high-quality reads were aligned to both
the M. oryzae wheat blast fungus BR32 and wheat
genomes. Analyses of the aligned sampled
transcriptome indicated that M. oryzae was present in
symptomatic (infected) wheat samples from
Bangladesh. Thus, the identity of the blast fungus
which was present in the infected wheat fields of
Bangladesh was identified unambiguously and very
rapidly. Further, phylogenomic approaches
determined how related the fungal pathogen detected
in wheat leaf samples from Bangladesh was to M.
oryzae lineages infecting cereals and grasses and the
population genomics analyses allowed insights into
the geographic origin of these Bangladeshi isolates.
Currently, multiple vigorous approaches are on for
identifying wheat blast resistance for rapid varietal
development and dissemination (Juliana er al.,
2020; ACIAR, 2021: Singh et al., 2021). Also,
the EWS or the early warning system
(https://beattheblastews.net/) is in place supported by
a range of international and national funding agencies
as well as research and extension partners [CIMMYT,
United States Agency for International Development
(USAID), Brazilian Agricultural Research
Corporation (EMBRAPA), Climate Services for
Resilient Development (CSRD) and the Bill and
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Melinda Gates Foundation (BMGF) supported Cereal
Systems Initiative for South Asia (CSISA)]. Contrast
this with the Cassava Mosaic Disease (CMD)
outbreak in Southeast Asia a year earlier in 2015, It
could spread because concerns within the region about
the economic implications of recognizing the presence
of the disease led to further delays in issuing a region-
wide alert, allowing CMD to spread into neighbouring
regions and countries. (Guha Roy, 2019¢).

Another example of an existing disease which
benefited from global concerted efforts is the Panama
disease in banana, caused now by a strain of the soil-
borne fungus, Fusarium oxysporum f.sp. cubense
tropical race 4 (TR4). The TR4 strain in recent years is
spreading globally, with a recent introduction into the
Americas. The recent report on the spread of TR4 into
the Indian subcontinent is of major concern since India
is the largest producer of bananas worldwide.
(Thangavelu, et al., 2019). A new initiative under
OneCGIAR titled Plant health and rapid response to
protect food and livelihood security is being
formulated by a team of CGIAR and non-CGIAR
partners, led by CIMMYT and Alliance of
Biodiversity International and CIAT. The Plant Health
Initiative aims to protect agri-food systems of the low-
and middle-income countries in Africa, Asia, and
Latin America from devastating pests and diseases,
including diseases such as Fusarium wilt race TR4 of
banana, by leveraging/building strong surveillance,
diagnostics, and integrated disease/pest management
networks across an array of national, regional, and
global institutions.

A classic example of a remerging pathogen (Fry et al.,
2015) causing epidemics is that of the late blight (LB)
of potato (and tomato) caused by the oomycete
Phytophthora infestans which has plagued humankind
for more than 150 years now. The discovery of P,
infestans as the LB causal organism initiated the study
of the discipline of plant pathology and its detection in
1846 contributed to shaping Louise Pasteur's germ
theory which was announced formally almost 20 years
later. There are earlier recorded instances of this
disease, causing epidemics leading to famines
(Bourke, 1964), deciding the outcome of wars (Millar
and O'Brien, 1955) and being used as a bio-weapon
(Madden and Wheelis, 2003), making it one of those

1

Old enemy, new t0O0IS: .......c..cooveviireeniiiierieieene. genomics era

rare pathogens that have shaped human history and3
continues in current times to not only cause economic
losses but also socio-economic disruptions (Guha Roy
2015; Fry, 2016). The pathogen relies on its genome
architecture driven by a repeat and transposon driven
expansion giving rise to a "two speed genome' which
provides a wide repertoire of ever-changing effectors
(Dong et al., 2015). It's rapid 'polycyclic life cycle'
enables the production of large amounts of inoculum
in a short period. These make it an effective and
aggressive pathogen and the high mutation rate of its
effectors enables it to remain as a reemerging pathogen
across the years.

Similar to most other eukaryotic phytopathogens, one
mode of propagation is through the sexual cycle, and
in this case, they produce oospores mediated by the
presence of two opposite mating types Al and A2 and
the other is through a clonally propagated asexual
cycle. Sexually propagated lineages carry with them
the emergent possibility of having new genotypic and
phenotypic variations giving rise to better-adapted
pathogens, and thereby a higher risk of epidemics.
While sexual reproduction is yet to be detected in India
to date, worldwide it is mostly restricted to Eastern
European and South American locations. P. infestans
populations are therefore subjected to mating type
determination tests as a part of any routine
biosurveillance to understand the possibility of arising
of new lineages through sexual reproduction. PCR-
based marker mating type detection (Jong et al., 2005;
Lee and Kim, 2002) needs only a couple of hours to
detect the mating type, in contrast to the older culture-
based method requiring almost a week. Similarly,
mitochondrial haplotyping allows detection of the
identity and tracing of the strains, again done with a
combination of PCR-based markers and restriction
digestion-based assay (Griffith and Shaw, 1998).

The repertoire of genomic resources currently
available for the genus Phytophthora in general and P,
infestans in particular (Haas et al., 2009) has allowed
us to further understand the nature of the populations
causing the epidemics. It has made it possible to
include the survey of effector sequences of candidate
effectors/Avirulence homologues (Avh) in the
biosurveillance routine as effectors have a role in
virulence (Bosetal., 2010; Whisson etal., 2016). A

€
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large no. of them have been found in P infestans
[Avr2, Avr4, Avr-blbl, Avr-blb2 (Armstrong et al.,
2005; van Poppel et al., 2008; Vleeshouwers et al.,
2008; Oh et al., 2009) and IPI-O family of effectors
(Chen et al., 2012)]. Regional variations in isolates
have also been found. These effectors affect the
pathogenicity and fitness and may be under specific
selective pressures after mutation, being disseminated
through genetic drift, in response to host populations
or other local factors. Local adaptation seems to be
playing an important role in the diversification and
distribution of the effector alleles/haplotypes in
natural and agricultural environments. (Stukenbrock
et al., 2009). Therefore, knowing about the effectors
harboured by the regional P. infestans isolates will
bring about an informed choice about the type of host
cultivars to be sown as the functionality of R genes and
effector allele combination will be known, and thereby
lessen the chances of crop failure due to late blight.
The knowledge will also be informative about the
adaptive history of P. infestans in this region.

The availability of these genomic resources have
further allowed the designing of specific multiplexed
SSR markers (Li et al., 2013) for genotyping of P
infestans populations, capable of detecting the
variations at clonal and even sub-clonal levels.
Detection of such variation is extremely important to
delineate and identify the Multi Locus Genotypes
(MLGs)/clonal lincages in epidemic populations.
Genotyping cfforts worldwide have identified more
than 80 genotypically distinct clonal lineages and
many 'unknown' genotypes are yet to be formally
designated while 'new’ clones and sub-clones continue
to arise. In India, the aggressive, European-origin
13_A2 clonal lineage continues to dominate for the
last couple of years and a similar situation exists in the
Indian subcontinent (Dey et al., 2018; Guha Roy et al.,
2021).

These genotypically delineated MLGs/clonal lineages
can then be further characterized for their field
attributes like fungicide sensitivity, growth
temperature, and host specificity, all of which are
important paramctelrs for determining the possibility
of formation and determining the severity of an
epidemic. For example, the European lineage,
EU 33 A2 is resistant to the fungicide fluazinam

[J. Botan. Soc. Bengal:

(Schepers et al., 2018), similarly, EU_43_ Al lineage
is resistant to fungicide mandipropamid (Abuley et al.,
2023). There are also several host-specific lincages,
US lincages like US-8, US-14, and US-24, are
predominantly virulent on potatoes, while US-23
infects both tomato and potato (Seville and Ristaino,
2019). Similar variations also exist at even sub-clonal
P. infestans populations in India (Dey et al., 2018).
These temporal and spatial variations of phenotypic or
field attributes amongst lincages within P. infestans
makes it essential to characterize the lineages for
disease management. Knowledge of the fungicide
sensitivity and host specificity of the lineages
infecting the field will allow precise spraying
schedules and reduced management costs. Similarly,
knowledge of growth and sporulation temperatures of
the lincages affecting the crop will allow precise
prediction about the 'disease window' when correlated
with the prevailing or predicted weather conditions,
and thereby again, reduced management cost. All
these measures in combination would reduce the
possibility of the formation of an epidemic. Routine
biosurveillance and genotyping are necessary as not
only do the populations change both genotypically and
phenotypically but also become genotypically
complex over time (Guha Roy 2019b; Guha Roy et al.,
2021). To ensure the correct management options, the
identity of the disease causing lineages of P. infestans
populations in the target region must be accurately
known. Genotyping of isolates with a uniform set of
these 12-plexed SSR markers not only identifies the
lineages but also allows tracing of migration patterns
around the globe and standardization of data across
genotyping centres/laboratories worldwide, thereby
enabling strengthening of quarantine procedures
where needed, and also, addressing biosecurity
concerns. Furthermore, the linkage of their genotypic
and phenotypic attributes, allows management
options to be replicated from elsewhere and applied
quickly (Guha Roy. 2019a). Once the invading
disease-causing specific P. infestans clonal lineage/(s)
is/are detected by its SSR profile, and since the clonal
lineage already has the management option mapped
onto it, which had been derived from its linked
phenbtypic data, the fungicide options and other
attributes become immediately available and can be
applied directly to the new population, thereby
preventing the formation of an epidemic.
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Phenotypic or field attributes were traditionally used
for management, but the recent advancement which
allows the identification of genotypic clonal lincages
and mapping their specific attributes have made
disease management more precise. The underlying
crux of these modern bio-surveillance routines (which
integrates genotypic population data as discussed
above with phenotypic or field attribute data) is to
detect the population changes both spatially and
temporally for effective management as pathogen
populations cause epidemics rather than a single
pathogen. This was a paradigm shift in the
management of LB disease. This information has now
been mapped onto existing Decision Support Systems
(DSS) to provide location-specific precise
management options not only for preventing disease-
associated economic losses but also for preventing
inoculum build-up towards an LB epidemic (Small ez
al.,2015; Fry,2016).

Translating these outputs from the laboratory (derived
from routine bio-surveillance of farmers' fields in
potato growing areas) back to the farmer is a major
achievement towards preventing crop loss and LB
epidemics. However, international cooperation and
coordination are necessary which are an integral part
of disease management to trace migrating populations
and rapidly share epidemic outbreaks by new clones or
information about fungicide insensitivity and
aggressive clones arising elsewhere. Various regional
consortia like the EuroBlight, for Europe
(https://agro.au.dk/forskning/internationale-
platforme/euroblight/); USABIlight, for USA
(https://usablight.org/); Tizon Latino, for South
America (https://tizonlatino.github.io/quienes-
somos/); AfricaBlight (for Africa) and AsiaBlight, for
Asia (https://www.asiablight.org/) integrate not only
biosurveillance but also all other activities related to
control of the Late blight disease and is involved in
cross-talk with each other. EuroBlight has been
functioning since 1996 and is a very active multi-
disciplinary, multi-actor consortium and network
launched with initial funding from the EU. USA Blight
was created with funding from UDSA's Agriculture
and Food Research Initiative (AFRI) grants. A late
entrant is the Tizon Latino cooperation network which
was established in 2014 within the framework
of the XXVI Congress of'the Latin American Potato
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Association in Bogota, Colombia. The Africa Blight,
however, is yet to take off fully.

AsiaBlight too was similarly launched in 2014 and
from 2018 is being mentored by International Potato
Center (CIP), Lima — Pera (https://cipotato.org/)
which is an international legal personality duly
registered with the Secretariat of the United Nations
under Art 102 of the UN Charter and is one of the 15
CGIAR Research Centers spread worldwide
(https://www.cgiar.org/) which are independent, non-
profit research organizations, conducting innovative
research and is the world's largest global agricultural
innovation network. India, represented by the author,
(https://www.asiablight.org/the-team/) is a member
country of AsiaBlight along with China, Japan, the
Republic of Korea, Bangladesh, Pakistan, Nepal,
Vietnam, Georgia, Indonesia, Tajikistan, Kyrgyzstan,
Uzbekistan, and the Philippines. AsiaBlight is
extremely relevant for India as not only is it the 2nd
largest potato producer in the world (China is ranked
1st) and eastern India (with West Bengal contributing
the major share) but also, Late blight is the most
serious limiting factor for potato crop cultivation.
Accordingly, of the nine Late blight genotyping
centres in the world, two are in Asia. India has one
situated in the author's laboratory at West Bengal State
University which is also an additional hub for
SAARC nations, the other is in China at the
CIP-China Center for Asia-Pacific (CCCAP)
(https://www.asiablight.org/genotyping-labs/).

Elvin C. Stakman, an internationally renowned
pioneering plant pathologist of American origin who
worked on stem rust of wheat (another disease with
epidemic potential), is credited with improving crop
yields both in North America and worldwide as part of
the Green Revolution, and was also Norman Borlaug's
mentor influencing him to pursue a career in
phytopathology. He gave a speech in 1938 entitled
"These shifty little enemies that destroy our food
crops". Stakman's adage, “Plant diseases are shifty
enemies” interestingly holds even today, 85 years
after, primarily because pathogens will continue to co-
evol¥e. In the case of P. infestans, the high rate of
effector evolution is an added concern and is one of the
reasons why it has been so successful over centuries.
Therefore to 'know thy enemy', surveillance and
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detection along with genotypic and phenotypic
characterizations must not cease neither should
international coordination efforts, if we are to defeat
this enemy soon.
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The bioassay and drug evaluation of medicinal plants of various herbal systems is getting more
momentum throughout the world. Now it is very important to validate the data stored in different
herbal medicine systems scientifically in respect of their pharmacognostic, phytochemical, and
pharmacological attributes. Evaluation of the quality and purity of crude drugs targeting various
parameters is the most important aspect of pharmacognosy. The current study focuses on many
pharmacognostic features of the leaf and bark of B. acuminata, a medicinal plant of the family
Fabaceae. The leaves and bark are used in folk medicine to cure malaria, as anti-nociceptive,
astringent, cooling agent, in ulcer and asthma. The micromorphological, organoleptic, physical
and chemical parameters, and antioxidant activity have been considered for the
pharmacognostical evaluation of the leaf and bark parts of this medicinal tree. The plant bears
amphistomatic leaves and stomata were mainly of paracytic type with a minimum occurrence of
anomocytic type. Palisade ratio was 4.52+0.21 and stomatal index was 29.8542.31. Chemical tests
of both bark and leaf methanol extracts highlighted the presence of alkaloids, flavonoids, reducing
sugars, tannins and saponins. Ash value and moisture content of bark part were estimated as
9.1%=0.11 and 10.4%=0.3, respectively which are higher than the values of respective parameters
of the leaf. Quantitative chemical analysis of leaf and bark extracts showed the higher amounts of
phenolics and flavonoids in leaf that straightly corresponded with its higher antioxidant activity
than the activity of bark. Most of these findings could provide the scientific criteria for correct
identification and establishment of the standard of both drug parts of B. acuminata.

Keywords: Bauhinia acuminata L., pharmacognostic characters, phytochemical contents,
antioxidant activity.

INTRODUCTION

Plants harbor a great variety of chemical compounds
that manifest wide range of structural and
physicochemical characteristics, as well as many
significant biological activities. In numerous cultures
around the world, medicinal plants have been

*Corresponding author : habibur_cri@rediffmail.com

recognized as reliable sources of medications used for
treatment of a variety of diseases, including
inflammatory problems, auto-immune discases,
diabetes, obesity, cancer, and many more. Many of the
commercial pharmaceuticals (e.g., atropine, aescin,
digoxin, reserpine, silymarin, teniposide, and others)
were developed from plants and other biological
sources used in the conventional medicine.
Knowledge of the traditional uses of crude plant
products plays a large role in drug discovery and
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development (Garzon-Castano et al., 2018). Many
significant therapeutic plants have already had their
pharmacognostic and phytochemical analyses.
However, there are still a huge number of traditionally
used medicinal plants that are unexplored,
necessitating a thorough scientific investigation to
assess their pharmacognostic standards,
phytochemical characteristics, and diverse biological
activities, Accurate knowledge of such crude
medications is crucial for the manufacture, safety, and
effectiveness of herbal products. In order to
authenticate the herbal raw ingredients, it is therefore
important to standardize and document the
characteristics of raw materials used in production of
the herbal medicines. Pharmacognostic criteria
essentially give complete details of the unprocessed
medications for their accurate identification and
quality maintenance (Ray and Rahaman, 2018).

B. acuminata L. belongs to the family Fabaceae of
flowering plants. Itis native to tropical south- eastern
Asia. Different parts of this plant such as bark, roots,
leaves and flowers have been used in traditional
medicine for curing a wide range of health conditions
namely digestive disorders, leprosy, tuberculosis,
asthma, fever, stones in urinary bladder and many
more. Among the parts used, bark and leaves of B.
acuminata are very commonly employed as an
effective cure for most of the diseases reported
(Kirtikar and Basu, 1935; Khare, 2007). For this
reason these two plant parts have been targeted by the
scientists for their chemical and pharmacological
evaluation.

Previously, scientists have reported that the methanol
extract from the leaf part of this plant has significantly
displayed certain biological activities such as
antioxidant, anti-inflammatory, antimicrobial, and
membrane stabilizing functions (Khan er al., 2014;
Ferdous er al., 2014). The aqueous and alcoholic
extracts of leaf showed anti-nociceptive activity and
an acute toxicity study displayed that the extracts are
nontoxic (Padgaonkar er al., 2018). The ethanolic
extract of leaves had exhibited effectiveness against
diarrhea (Islam and Fahad, 2014).

Despite its above mentioned studies on
phytochemistry and bioactivity, a few pharmaco-
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gnostic studies of only the leaf part of this plant have
been conducted (Gupta et al., 2018; Sebastian and
Nirmal, 2020). However, there are some gaps in the
detailed pharmacognostic evaluation of leaf part, and
also no studies on pharmacognostic parameters of the
bark have been performed earlier. Consequently, the
main objective of this study was to investigate the
pharmacognostic, phytochemical, and antioxidant
profiles of both leaf and bark parts of B. acuminata as
these two parts of the plant are very commonly used as
crude drugs for various healing purposes.

MATERIALS AND METHODS
Material

Scientific name: Bauhinia acuminata L.

Synonyms: Alvesia bauhinioides Welw., Bauhinia
candida Roxb., B. grandiflora Juss., B. linnaei Ali.
Common English name: Mountain ebony, Dwarf
white orchid tree.

Bengali vernacular name: Swet Kanchan.

Parts used: Leaf, rootand stem bark.

Botanical characters: A small tree, 2.5-3.5 m tall.
Stem smooth, upright, with messy slender branches.
Leaves bi-lobed, obovate, 3.5-9 cm x 0.8-1.2 cm;
petiole long, pubescent, 2-3 cm: stipule 6-7mm.
Flowers large, cream or white, in axillary racemes;
bracts lanceolate, 6-7 mm. Calyx spathaceous,
connate below, cleft into 5 subulate teeth at tip. Petals
5, unequal, elliptic to oblanceolate. Stamens 10,
anthers 4-7 mm long with puberulent connective. Fruit
legume, linear and flat, glabrous, dark brown. Seeds 5-
13, small, flat, suborbicular and smooth (Fig.1A).
Flowering and Fruiting time: February - May.
Distribution: It is widely distributed in Southeast
Asia such as Indonesia, Philippines, Malaysia. In
India, the plant is found in Maharashtra, Pune,
Karnataka, Kerala, Assam, Meghalaya, Uttar Pradesh,
West Bengal and some other states.

Medicinal uses

Bark: Bark serves as a cooling and astringent agent.
Decoction of it is used to treat dysentery. Additionally,
it works well for strangury, leukoderma, biliousness,
tuberculosis, asthma, cough, ulcers, vaginal
discharges, and as an anthelmintic (Kirtikar and Basu,
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1935; Sanjeev and Raphael, 2017).

Leaves: Decoction of leaves is used to cure malaria. In
folk medicine, the paste of leaves and calcium
hydroxide is applied to abscesses for quick opening
and clearing of pus. Leaf paste is applied to sores,
wounds, itch, bone fractures, and skin diseases. The
leaf is used in curing urinary bladder stones, fever,
throat infection, chicken pox, venereal diseases,
leprosy, asthma, and digestive diseases (Khare, 2007;
Sanjeev and Raphael, 2017).

Root: The root parts work wonders for curing ulcers
and inflammation, as well as cough, cold, and sore
throat. Roots are also applied to cure burns (Sebastian
and Nirmal, 2020).

METHODS

Collection and sample preparation: The fresh leaves
and bark of B. acuminata were collected from the
plants grown in Mrinalini Girls' Hostel area,
Santiniketan (23.6803°N, 87.6888°E) in the month of
January, 2021. The plant materials were properly
washed with tap water and dried in the shade. Then the
dried materials were coarsely powdered and further
utilized for preparation of extracts. The nomenclature
of the identified plant species has been updated
following the standard website like Plants of the World
Online (https://powo.science.kew.org/).As future
reference, a herbarium was prepared using the
collected plant specimens and stored in the
Department of Botany at Visva-Bharati, Santiniketan,
India. [Voucher specimen number: INDIA, West
Bengal, Birbhum district, Santiniketan, 14.04.2021,
CHRZA 100(VBH)].

Study of foliar micromorphology: For mounting a
drop of 10% glycerine and 1% aqueous safranin was
added to the cleared leaf samples on a slide. Then this
slide was examined under a compound light
microscope. Leaf-clearing was done by Bokhari's
method (1970). In this method leaf pieces (apical,
middle & basal part regions) were treated with KOH
(1020 %) solution for 1012 h. in a petridish. Pieces
were washed with distilled water. Few drops of
hydrogen peroxide were added to the distilled water
taken in a petridish and pieces were kept in it for 3 — 4
h. Again, the pieces were washed with distilled water
and transferred to the petridish containing Eau de
Javelle solution (50g CaCl,+100gNa,CO,+ 1000mL

Pharmacognostic study .....
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Distilled water) tih the removal of chlorophyll.
Vegetative anatomy (stem bark and leaf):
Anatomical study was done by free hand sections of
the leaf lamina, and stem bark of the selected plant,
stained suitably following safranin-light green
staining schedule (Johansen, 1940) and studied under
a compound light microscope (ZEISS, AXIOSTAR
plus, 176045).

Bark maceration study: The small pieces of barks
(lem long) were macerated following the standard
method (WHO, 1998). The macerated sample was
washed several times with distilled water, teased with
needles, stained in 1% safranin solution and mounted
on the slide with 10% glycerine and observed under
microscope. The measurements were taken with
standardized ocular micrometer.

Organoleptic study: Organoleptic study of the
powdered samples of bark and leaf has been
performed using sensory organs following the
standard method which includes colour, odour, taste,
exterior morphology and other properties (Alam and
Saqib, 2015).

Physicochemical evaluation: Following the WHO
norms, various physicochemical characteristics,
including moisture content, ash value (total ash, acid
insoluble ash, and water soluble ash), and extractive
value of the powdered plant samples were
determined.(Majid et al., 2021).

Determination of extractive value: 10 g of powdered
samples were extracted separately with four different
solvents (Methanol, Chloroform, Ethyl acetate, and
Hexane). of 100 mL for 48 h. in a continuous shaking
condition at room temperature. The extract was
filtered and then it was dried in a vacuum using a rotary
evaporator at a temperature of 45°C. After drying,
weight of each solvent extract was noted and the
extractive value was determined by the following
formula (Borhade eral.,2014):

Weight of extracted
residue obtained

Extractive value (%) = X 100

Weight of the plant
material taken

Histochemical study: One to two drops of specific
reagents (Wagner’s, Dragendorff's, Mayer’s, Lugol's,
Millon's, Ferric chloride, Phloroglucinol, 1% lead
acetate, etc.) were added to the transverse sections of
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the bark and leaf petiole. Then it was kept for a few
minutes to allow the specific reaction between
reagents and phytochemicals present in the cells of the
sections. Samples were then observed under the
compound light microscope to detect different
phytochemical groups localized in various tissue
zones of the sections (Harborne and Williams, 1994;
Trease and Evans, 2008).

Phytochemistry

Preliminary phytochemical screening: In
accordance with accepted practices, methanolic
extracts of powdered bark and leaf samples were
utilized in various chemical colour reaction
experiments with the aid of various reagents to
identify various phytochemical groups present in the
powdered samples (Pal et al., 2014).

Estimation of total phenolic content: 0.5 g of
powdered plant material was mixed with 5 mL of 80%
methanol in a centrifuge tube. The mixture was then
homogenized at 10,000 rpm for 20 minutes at room
temperature. Supernatant was collected in a petriplate
and it was allowed to dry at room temperature (24 to
26°C) for 5-6 h. After drying, the residue was taken in
a test tube and dissolved in 5 mL of distilled water.
Then 0.5 mL of folin-ciocalteau reagent was added to
the test tube and volume was made up 10mL with
distilled water. After 3 minutes, 2mL of 20% sodium
carbonate was added to the test tube and mixed it
thoroughly. The mixture was then boiled for one
minute in a water bath and cooled it at room
temperature. Then absorbance was measured at 650
nm wavelength against a blank containing the mixture
of folin- ciocalteau reagent, distilled water and sodium
carbonate reagent except the plant extract (Ainsworth
and Gillespie, 2007).

Estimation of total flavonoid content: It was
estimated by employing the aluminum chloride
method. 100 mg of extract from each plant part was
dissolved in 5 mL of methanol to make a stock
solution, and 10 mL of methanol was added to make
the volume. A test tube containing 0.5 mL of the
sample extract was then filled with 1.5 mL of
methanol, 0.1 mL of 10% aluminum chloride solution,
2.8 mL of distilled water and 0.1 mL of 1M potassium
acetate solution. All the contents were then properly
mixed by shaking the test tube. Using a Shimadzu UV-

[J. Botan. Soc. Bengal:

Vis1800 double beam spectrophotometer, absorbance
was measured at 415 nm against the appropriate blank
(Rayetal.,2018).

Estimation of total tannin content: The powdered
plant sample of 500 mg and 75 mL of distilled water
was taken in a conical flask. It was then boiled for 30
minutes. After cooling, the boiled plant sample was
centrifuged at 2000 rpm for 20 minutes. The residue
was discarded and the volume of supernatant was
adjusted to 100 mL with distilled water. The extract
was then used for estimation of the tannins, One mL of
the plant extract was taken in a volumetric flask
containing 75mL distilled water. Then SmL of Folin-
Denis reagent and 10mL of sodium carbonate solution
were added to the flask and volume was adjusted to
100 mL with distilled water. Content in the flasks was
thoroughly mixed, kept 30 minutes and absorbance
was measured at 700 nm on Shimadzu UV-Vis1800
double beam spectrophotometer. A blank was
prepared with distilled water instead of the sample.
Tannins were estimated after a calculation made with
the help of standard curve of tannic acid (0.Img/mL)
and expressed as mg of TAE/g (Selvakumar er al.,
2019).

Estimation of total alkaloid content: The 1,10-
phenanthroline method reported by Singh et al. (2004)
was employed to measure the total alkaloid content of
the plant samples with a few minor changes. 10mL of
80% ethanol was used to extract 100mg of powder
materials. After filtering the mixture via filter paper,
this liquid sample was centrifuged at 5000 rpm for 10
minutes. The recovered supernatant was utilized to
estimate the total alkaloids in more detail. ImL of
plant extract, ImL of 0.025M FeCl, in 0.5M HCI, and
ImL of 0.05M 1,10-phenanthroline in ethanol made
up the reaction mixture. The mixture was incubated in
a hot water bath for 30 minutes at a continuous
temperature of 72°C. At 510 nm, the absorbance of the
red-coloured compound was measured in comparison
to a reagent blank. With the aid of the pilocarpine
standard curve (10 mg dissolved in 10 mL ethanol,
then 100 mL of distilled water added to make 0.1
mg/mL), the alkaloid contents were assessed and
computed. Alkaloid were estimated after a calculation
made with the help of the standard curve of
Pilocarpine (0.1mg/mL) and expressed as mg of PE/g
Antioxidant activity study.
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DPPH radical scavenging activity: The
conventional approach was used to determine DPPH
radical scavenging activity (Karadag er al., 2009). To
make the stock solution, 24 mg of DPPH was
dissolved in 100 mL of methanol. Using a UV-Vis
spectrophotometer, the working solution was created
by combining 10 mL of the stock solution with 45 mL
of methanol to produce an absorbance of 1.1+ 0.02 at
515 nm. 0.015 mLplant extract mixed with .85mL of
DPPH solution was kept in dark for 24 hours. At 515
nm the absorbance was measured. Ascorbic acid was
used as a standard compound and the standard curve of
it was generated. The results were expressed as a
percentage of scavenging activity. The same
experiment was performed in three sets. Percentage of
DPPH radical scavenging activity was estimated by
the following equation: DPPH radical scavenging
activity (%e)=(A,~ A,/4,) *100
where, A, is the absorbance of the plant extracts or
standard and A, is the absorbance of the control.
ABTS Radical Scavenging Assay: ABTS (2.2"-
azino-bis (3-ethylbenzothiazoline-6-sulfonic acid)
radical scavenging activity was determined following
the standard method (Thaipong et al., 2006). The stock
solution was prepared by 7.4 mM ABTS+ dissolved in
2.6 mM potassium persulfate solution. The working
solution was made by mixing 10 mL stock solution
with 40mL methanol to obtain an absorbance of 1.1+
0.02 at 734 nm using the UV-Vis spectrophotometer
(UV1800). Plant extracts of 0.15 mL volume were
then allowed to react with 2.85 mL of the ABTS
solution for 2 hrs in a dark condition. Then absorbance
was taken at 734 nm using the UV-Vis
spectrophotometer (UV1800). The standard curve was
prepared with ascorbic acid. Results were expressed in
percentage of scavenging activity. Each experiment
was carried out in triplicate. Using the formula given
below, the percentage of ABTS radical scavenging
activity was determined.
ABTS radical scavenging activity (%) =

(A,— A/ A,) =100
where, A, is the absorbance of the plant extracts or
standard and A, is the absorbance of the control.

Statistical Analysis

One-way analysis of variance was performed on all
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data (ANOVA) given as the mean+standard deviation
of three copies. Difference among the average values
of all the resulting data was compared using Tukey's
HSD test (honestly significant difference; level of
significance p < 0.5). The best fit method and
regression equation were used for calculating IC,,
values.

RESULTS

Foliar micromorphology: It gives a general
description of the epidermal cells, trichomes and
stomata with their measurements (Fig. 1 B-D).
Epidermis cells: Both leaf surfaces contain irregular-
shaped epidermal cells. Cell wall of the epidermal
cells was wavy. On the upper leaf surface, frequency
of the epidermal cells was 834.55/mm’ and it was
721.97/mm’ in case of lower leaf surface. The size of
the epidermal cells on lower surface was 93.13+£3.78
pm * 47.90£2.65 um and it was 56£1.76 pm *
34.214£3.9 um on the upper surface of the leaf.
Palisade ratio was 4.52+0.21 (Fig.1B and C).
Stomatal complex: Leaf is amphistomatic type.
Stomata are mainly of paracytic type distributed with
few anomocytic stomata. The value of stomatal
frequency of upper epidermis and lower epidermis
were 198.77+1.2/mm’ and 234.65+2.4/mm’
respectively. In the upper leaf surface, length and
breadth of the stomata were 43.89+0.22 pm and
20.71+0.12 um, respectively where as in case of lower
leaf surface, size of the stomata was 56+0.21pm x
32.54+0.17um. Stomatal index was 9.85%+0.31 on
the upper surface and value of stomatal index was
13.05%=0.1 for the lower surface of leaf (Fig.1B and
C).

Trichomes: Trichomes are non-glandular, unicellular,
horn shaped with pointed tips and present in both the
surfaces of the leaf. The size of trichomes of the
adaxial surface was 120.65£3.44 um x 18.67+0.11
pm. [t was 89.814£3.91 pmx 19.2940.48 um in case of
abaxial leaf surface. The trichome frequencies were
6.97+0.47/mm’ and 3.77+0.31 /mm’ for adaxial and
abaxial surfaces, respectively (Fig.1D).

Petiole anatomy: In T.S., outline of petiole is circular.
The epidermis is single-layered, consisting of small
rhomboidal cells. The cuticle is relatively thick.
Beneath the epidermis atwo-cell layered hypodermis
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is present. Below the hypodermis 5-6 layers of
parenchymatous cells are present. A large circular
ring-like vascular bundle is present at the centre and it
is opened at one point with strongly incurved ends. Itis
composed of xylem tissue present in inner side and
phloem on the outer side. Above the phloem, a distinct
collenchyma zone is observed encircling the vascular
bundle. Pith is scanty, comprised of 2-3 layers of
parenchyma cells (Fig. 1E).

Leaf anatomy: Upper and lower epidermises of the
leafare uniseriate in nature with thick cuticles on outer
walls of the epidermal cells. Mesophyll showed upper
palisade cells, single layered, elongated and
compactly arranged; and lower spongy parenchyma
cells, more or less spherical in shape. The vascular
bundle is composed of xylem tissue present on the
lower side of itand phloem on the upper side.

Bark anatomy: The stem bark surface is fairly
smooth and whitish grey in colour. The bark consists
of periderm and secondary phloem. The sections of the
bark cut in the transverse, tangential longitudinal and
radial longitudinal planes (T.S., T.L.S. & R.L.S.)
exhibited the following anatomical features (Fig.11-
K).

T.S.: The transverse section of bark showed several
outer most layers of typical cork or phellem cells. The
cells are thick walled, polygonal, closely packed, dead
at maturity, arranged in regular radial rows. Cork cells
are tangentially elongated due to the secondary growth
of the plant body. A multilayered zone of phellogen
was situated between the outer phellem and inner
phelloderm. Phellogen cells are rectangular in shape
and compactly arranged. The phelloderm was of two
to many layers of rectangular cells. Scattered patches
of the stone cells were found in the secondary phloem
region.

T.L.S.: Ray structures are uniseriate, long, and
elliptical in shape. The frequency of the ray structure
was 2.5440.4/mm’. The height and width of the ray
structure were 311£9.32 pum and 7.9+0.56um,
respectively. Number of the cells per ray structure was
varied from 14-17. Fibers are lignified with very thick
wall, packed closely on either side of ray structure.
Rays are mostly uniseriate and are less frequently
biseriate. The biseriate rays were 310£1.3 pm in
heightand 20+£7.85 um in width

R.L.S.: Radial longitudinal section exhibited the
internal structure of ray. It was homogeneous and had
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thin-walled, rectangular, ray parenchyma cells. Fibers
were elongated with thick, lignified walls,
longitudinally arranged.

Bark element study: Different cell types were
observed in the bark. The phloem fibres were long,
thin-walled with broad lumen, tapered at both ends,
with blunt end. Sometimes septate fibres were
observed. The size of phloem fibre was 836.87+13.89
pm x 26.78+1.69 um. The frequency of it was
6.54+1.07/mm’. Sclereids are of brachysclereid type,
with highly thick lignified cell walls. Length of the
sclereid was 27.43+0.32 pum and breadth was
24.240.15 pm. Cork cells are polygonal in shape with
moderately thick wall. Length of the cork cell was
30.16+0.28 pm and breadth was 10.56+0.11 pm (Fig.
1F-H).

Foliar micromorphological studies of the B.
acuminata revealed certain characteristics which will
be very useful in taxonomic identification of the leaf
drug obtained from this medicinal plant. Palisade ratio
of B. acuminata was 4.52 £+ 0.21 and it is distinct
among the values of palisade ratio estimated earlier in
some other species of Bawhinia by different workers.
Stomatal indices of upper and lower epidermises in
leaf part of our investigated plant were 9.85+0.31%
and 13.05+0.1%, respectively which are very different
from the stomatal indices recorded in earlier research
done on many Bauhinia species. In the leaf of B.
acuminata only non-glandular unicellular type of
trichome was noticed and this attribute of trichome
makes this species unique among the different species
of Bauhinia, except B. tomentosa studied previously
where non-glandular, uniseriate and multicellular
trichomes were recorded. Presence of uniseriate
palisade layer in the leaf makes our plant species
distinguished from the B. variegata which exhibited
biseriate palisade layer. A typical circular vascular
bundle opened at one point of its ventral side with
distinctly two incurved ends was noticed in the petiole
of our plant which is not found in other genera of
Leguminosae including other species of Bauhinia
studied so far.

Organoleptic features of the powdered plant samples:
The colour, odour, taste and texture of the two parts of
the investigated plant have been presented in the table
below (Table 1).



77(1), June, 2023]

Table 1. Organoleptic features of leaf and bark powder
of B. acuminata
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Table 3. Extractive value of leaf and bark of the
studied plant

Organoleptic Leaf powder Bark powder
features
Colour Greenish Brownish
Odour Odourless Odourless
Taste Acrid Acrid
Texture Powdery Fibrous

Physicochemical evaluation: Moisture content and
ash value of the leaf and bark powder drugs are given
in tabular form (Table 2). Percentage of moisture
contents of leaf and bark powder were 8.89%+0.4 and
9.1%+0.11, respectively. Ash values in leaf and bark
were 7.5%+0.12 and 10.4%+0.3, respectively. In leaf,
percentage of acid insoluble and water-soluble ash
was 2.2%=0.16 and 2.5%+0.02, respectively.
Percentage of acid insoluble and water-soluble ash in
bark was 3.5%+0.22and 1.8%=0.15, respectively.
Determination of extractive value: The type of
solvents basically determines the extractive value of
the crude drug. The extractive value of the leaf and
bark parts was maximum in methanol among other
solvents such as ethyl acetate, chloroform, and hexane
(Table 3).

Histochemical study: A histochemical analysis was
done to identify different phytochemical groups that
were concentrated in specific tissue zones of bark.
Numerous phytochemical groups, including tannins,

Table 2. Moisture content and ash values of leaf and
bark parts of the studied plant

Powdered | Moisture | Total Water Acid
plant content ash Soluble |insoluble
Samples (%) (%) ash (%) | ash (%)
Leafl 8.89+0.4 [7.5+0.12 | 2.5+0.02 | 2.2+0.16
powder
Bark 9.1+0.11 |10.4+0.3 | 1.8+0.15 | 3.5+0.22
powder

Extractive values (%)
Plant - -
parts Methanol Ethyl | Chloroform | Hexane
acetate
Leaf 2,65+0.2 | 1.7620.08 | 1.44£0.07 |0.53+0.05
Bark 1.90+0.17 | 1.26£0.1 | 1.77+0.19 | 0.30+0.02

proteins, alkaloids, lignin, and saponins, have been
located in various bark tissue zones. Additionally, it
has been noted that in the leaf petiole, cortical and
vascular bundle zones serve as the active sites for the
localization of various phytochemical groups (Table 4,
Fig.2A-D).

Preliminary phytochemical screening

In order to find new sources of chemicals that are
important both therapeutically and commercially,
medicinal plants must undergo a phytochemical
examination first. Initial chemical analysis of the
methanol extracts of bark and leaf revealed the
presence of primary and secondary metabolites
including sugar, carbohydrate, amino acid, lipid,
quinone, steroid, phenol, saponin and alkaloid (Table
5, Fig.3Aand B).

Table 4. Histochemical localization tests for leaf and
bark portions

Test Test/ Leaf petiole Bark
for reagent
Alkaloids | Wagner’s Xylem tissue | Cork cells
reagent and cortex Secondary
Dragendorffs | zone phloem
reagent Sclerenchyma
zone
Lignin Phloroglucinol| Sclerenchyma | Phelloderm
+HCI zone
Tannins 1% lead Vascular Few
acetate bundle pheloem
solution Cortex zone | and cork
FeCl, test cells
Few phloem
fibre cells
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Fig. 1. Bauhinia acuminata L. A. Plant habit, B. Lower epidermis with paracytic type stomata, C. Upper epidermis with
anomocytic type stomata, D. A foliar trichome, E. T.S. of petiole: Vascular bundle (enlarged view), F. A portion of bark fibre,
G. Cork cells. H. Brachysclereids of bark, I T.S. of bark, J. T.L.S. of bark, K. R.L.S. of bark.
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Table 5. Microchemical tests of leaf and stem bark methanol extracts of B. acuminata

Chemical groups Tests Colour change Leaf Stem Bark
DragendorfI’s reagent Cream colour +++ +++
Alkaloids Wegner’s reagent Orange brown +++
Mayer's reagent Reddish brown + -
Fehling’s reagent Red like brick ++ ++
Reducing sugars - - -
Benedict’s reagent Red like brick + +
_ Reddish blue green
Steroids Salkowaski test _ +
fluorescence
Anthraquinones Bontrager’s test Upper red lower pink _ _
Lugol’s reagent Faint yellow ++ _
Proteins - -
Millon’s reagent White _
Saponins 1% Lead acetate solution White _ _
Amino acids Ninhydrin solution Violet color + +
Lignin Phloroglucinol + HCI Red ++ +
10% NH;OH solution Yellow fluorescence ++ +
Tannins 10% lead acetate solution White + +
5% FeClysolution Blackish green + ++
Flavonoids Shinoda test Crimson red +++ +++
Glycosides 10% NaOH solution White + -

Fig. 2. Histochemical localization test. T.S. of bark: (A)
Dragendorft's test, (B) FeCl, test, and T.S. of petiole: (C)
Wagner's test, (D) FeCl, test.

(A) (B-)V

Fig. 3. Microchemical colour reaction test of methanol
extracts: (A) Leaf, and (B) Bark.

Estimation of total phenolic content: The amounts
of total phenolic compounds estimated in the leaf and
bark extracts were 143.67+1.3 mg of GAE/g tissue and
101.34+1.5 mg of GAE/g tissue, respectively (Fig.4.).

Estimation of total flavonoid content: Methanol
extracts of leaf and bark have total flavonoid levels of
33.24+0.3 mg of CE/g tissue and 32.56+0.2 mgof
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Fig. 4. Phytochemical profiles of the methanolic extracts of
leafand bark.
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Fig. 5. DPPH free radical scavenging activity of the leaf
and bark extracts.

CE/g tissue, respectively. Leaf showed slightly higher
total flavonoid content than bark (Fig. 4).

Estimation of total tannin content: The tannin
content in the bark extract was estimated to be greater
(24.870=0.12 mg of TAE/g) than the tannin content of
the extractof leaf (18.760+0.21 mg of TAE/g) (Fig. 4).

Estimation of total alkaloid content: Here leaf part
showed slightly higher content of alkaloids (7.8£0.02
mg of PE/g) than the alkaloid content of bark
(5.3+0.01 mg of PE/g) (Fig. 4).

Fig. 6. ABTS radical scavenging activity of leaf and bark
extracts.

Antioxidant activity

DPPH radical scavenging activity: Reduced
absorbance, which indicates quenching of the free
radicals by the plant extracts, was used to measure the
reduction of DPPH radicals. The leaf extract was
found to have a lower IC,, value of 72.40£0.45 pg/mL
than the IC,, value of bark i.e., 81.25%0.78 ng/mL. At
100 pg/mL concentration, the scavenging activity of
the leaf was found to be 77.88+1.6% which is higher
than the scavenging activity of bark i.e. 71.65+1.98%
at the same concentration, when compared to the
reference compound ascorbic acid (Fig. 5).

ABTS radical scavenging activity: The scavenging
activity of the leaf was found to be 72.88+0.21% at
100 ug/mL concentration, which is higher than the
scavenging activity of the bark (67.99+0.33%)
measured at the same concentration. The IC., values of
the bark and leaf extracts were estimated as
93.35£0.41 pg/mL and 82.97+0.19 pg/mlL,
respectively. ABTS radical scavenging activity was
significantly high for leaf methanol extract of the
studied plant species. Here also ascorbic acid was used
as standard (Fig.6).
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DISCUSSION

Pharmacognostic characters elucidate the specific
information necessary for identification and
authentication of crude drugs obtained from plants,
which include macromorphology, micromorphology,
physicochemical parameters, and qualitative
estimation of phytochemical groups.

Some of the characteristics of the present studied plant
conform the features identified in other members of
the family Fabaceae by earlier workers (Metcalf and
Chalk, 1950). Studies in leaf micromorphology can
have great taxonomic as well as pharmacognostic
value in identification of different plant taxa,
including medicinal plants (Ray eral., 2018).

In our present experiment, it has been observed that
epidermal cell's shape is irregular and cell wall outline
is nearly wavy for both the epidermal layers of leaf.
Palisade ratio is 4.52+0.21, which is also a very
distinctive character for this medicinal plant species
because it varies from species to species but it is
specific to a particular taxon. The palisade ratio
remains constant as it is the ratio of the palisade and
epidermal cells present in leaf. It is used as one of the
reliable taxonomic character for identification of leaf
drug as well as corresponding plant species. For
example, the palisade ratio of B. variegata is 7.6
(Gupta et al., 2009) and it differs from the palisade
ratio of our investigated plant B. acuminata
(4.52+0.21) which is a species of the same genus
Bauhinia. Stomatal characters have immense
importance while identifying the plant taxa and
evaluating the leaf drugs. Although paracytic, and
anomocytic types of stomata are found in the members
of Fabaceae, but anomocytic type is most frequently
observed in this family (Albert and Sharma, 2013). In
B. acuminata both paracytic and anomocytic types of
stomata were found in upper and lower surfaces of
leaf. This finding conforms the observation made in
the previous works on stomatal types of other species
of Bauhinia (Albert and Sharma, 2013). The stomatal
index is 9.85%=0.31 in the upper leaf surface and the
value of stomatal index is 13.05%=0.1 in the lower
surface, such differences in quantitative values of
stomatal index for both epidermal surfaces of leaf
make this taxon very distinct among other studied
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species of Bauhinia. Trichome features also serve as
marker parameter for identification of leaf drugs. A
wide range of structural variation in both glandular
and non-glandular types of trichome is observed in
different species of Bawuhinia (Albert and Sharma,
2013). Here, in B. acuminata only non-glandular type
of trichome was noticed.

Physicochemical parameters are also vital for
standardization and quality control of herbal drugs,
which include loss on drying and ash content. Loss on
drying is a commonly used test procedure for
determination of moisture content in a powdered drug
sample. Moisture content of drugs should be at
minimal level to discourage the growth of bacteria and
fungi during its storage. In present work, the higher
percentage of moisture in bark than the leaf indicates
that self-life of bark drug would be short as high
moisture content of bark degrades its quality
assurance more quickly than leaf.

Ash value, one of the physicochemical criteria is
employed to check quality and purity of crude drug. It
provides a distinct quantitative value which is specific
to a particular crude drug. Ash value bears an official
standard articulated for a crude drug material. Total
ash value indicates the presence of various impurities
like dirt, mud in the form of silicate matter mainly and
few other mineral groups such as carbonate,
phosphates, ete. In present study, the total ash value of
the leaf part in our studied plant species is 7.5 +£0.12 %
which is very much distinct from the other two
species, such as B. variegata (8.15%) (Khare et al.,
2017) and B. purpurea (11%) (Pahwa er al., 2014).
The total ash value of bark powder (10.4+0.3%) was
higher than the leaf part (7.5+0.12%) of the studied
plant, Here, leaf and bark parts studied for their ash
value bear two different quantitative values (for total
ash, water soluble and acid insoluble ash) that make
these two crude drug samples distinct from each other.

The water soluble ash, one of the portions of total ash,
highlights the amount of inorganic salts such as
phosphate and carbonate present in drug sample.
These salts have been identified with various
therapeutic properties such as anti-cancer, anti-
obesity, protection against cardiovascular diseases,
bone and dentin formation (Yu et al., 2020). Inpresent
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study, content of water soluble ash in leaf part
(2.5+0.02%) 1s higher than the bark part (1.8+0.15%)
which gives an impression about presence of greater
amount of therapeutically important inorganic salts
like phosphate and carbonate in leaf sample of this
studied plant. So, in respect of bioactivity of minerals,
the crude drug of leaf'is in more advantageous position
than bark drug. Although therapeutic performance of
the crude drug is not only associated with certain
mineral salts, but with many other groups of bioactive
chemicals presentin it.

The acid insoluble ash consists of mainly silica in the
form of sand material and other type of silicate matter
which may present in the cell wall and as infillings of
the cell lumen, and/or may adhere in trace amount to
the plant sample even after its thorough washing.
There are two possible contributory sources of acid
insoluble ash content estimated in the crude plant
sample - one is the cellular source and another
contribution may come from the adherent matter. Like
total ash, content of acid insoluble ash also provides a
very confirmatory character that helps in
authentication and quality control of the plant-based
crude drug. Our result showed that the acid insoluble
ash value of the leaf part is very low i.e., 2.24£0.16% in
comparison to the foliar acid insoluble ash value
(5.5%) of B. variegata (Khare et al.. 2017).
Quantitative values for foliar acid insoluble ash of two
species of Bauhinia are found very distinct.

In our study, the value of acid insoluble ash of leaf
(2.240.16%) was found lower than the acid insoluble
ash value of bark powder (3.5+0.22%). This result
indicates a high content of acid insoluble ash estimated
in bark sample which means this plant sample
contains more residue of extrancous matter (such as
sand, dust, etc.) adhering to it even after the thorough
washing performed before its drying. There may also
be a possibility regarding contribution of silica matter
to acid insoluble ash by the cell walls of bark tissue as
presence of silica has been evidenced in the cell walls
as well as in the in fillings of cell lumen of many plant
families namely Poaceae, Cyperaceae, Urticaceae,
Cucurbitaceae and others (Currie ef al., 2007; Prychid
et al.,2003; Hodson et al., 2005).There is a difference
in quantitative values at all three levels of ash content
of the two pdant parts studied and such differencein
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ash value will be very helpful in identification of leaf
and bark drugs of the investigated medicinal plant.

Estimation of extractive values determines the amount
of the active constituents in a given amount of plant
material when extracted with a particular solvent. The
extraction of any crude drug with a particular solvent
yields a content of different phytoconstituents. The
compositions of these chemical constituents depend
upon the nature of the drug and the solvent used. Italso
provides an indication whether the crude drug is
exhausted or not. Here in our study, methanol solvent
showed the greatest extractive value for both leaf and
bark parts among the other three solvents used. This
result illustrates that among four solvents methanol is
the best one for extraction of maximum amounts of
different phytochemical groups soluble in this solvent.
Such trends in extractive values are noticed in many
previous works where highest extractive values of
crude drugs in methanol solvent had been recorded
(Ray et al., 2018; Tatiya et al., 2012). Quantitative
scores of extractive value in different solvents are also
considered one of the diagnostic features for raw drug
sample identification. Here leaf exhibited greater
extractive value than the bark sample in case of all
used solvents except chloroform, where bark showed
the extractive value (1.77+0.19 %) higher than the leaf
(1.44+0.07%). Such difference in extractive value
makes the leaf and bark samples of this medicinal
plant very distinct and it will be very useful in
identification of these two drug samples of the studied
plant.

From the histochemical localization test, it is observed
that alkaloids, saponins, proteins, tannins, lignin,
reducing sugar, amino acids are present in detectable
amount in different tissue zones of the leaf and bark
(Kadam et al, 2013). In case of bark, this test
highlights the secondary phloem zone as the main site
for storage of different phytochemicals. Various
phytochemical groups have also been detected mostly
in the cortical zone of leaf petiole.

Preliminary phytochemical screening is useful in
prediction of chemical nature of crude drug and it is
also valuable for detection of chemical constituents
present in it (Pal and Rahaman, 2015). In present
study, the important phytochemical groupsidentified
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both in leaf and bark samples were alkaloids, tannins,
steroids, glycosides, flavonoids, etc. Though the
earlier studies performed by other workers had
recorded therapeutically significant only one chemical
group, i.e., saponin and some primary metabolite
groups namely carbohydrates, proteins and amino
acids from this plant (Anjukrishna et al., 2015). In this
case, our study reveals the presence of medicinally
important several chemical groups in different parts of
this medicinal tree and it clearly elucidates the
therapeutic attributes of the studied plant. Detection of
some important bioactive chemical groups in the bark
and leaf samples of this investigated plant also
addresses the rationale of its wide range of
ethnomedicinal uses.

Among all secondary metabolites present in plants,
phenolics are recognized as one of the most
therapeutically important phytochemical groups.
Phenolic compounds in plants are further classified
into different groups such as simple phenolics,
anthocyanins, isoflavones, hydroxycinnamic acid
derivatives and flavonoids. All these classes of
phenolics have gained extensive attention because of
their wide range of bioactivities including free radical
scavenging, anti-inflammatory, and anti-carcinogenic
effects (Tungmunnithum et al., 2018). It has been
reported that the antioxidant activity of phenolic
compounds is mainly due to their redox potential, and
hydrogen donating properties (Chen er al., 2020).
From this study, it is evident that both parts of B.
acuminata contain quite good amounts of phenolics
(101.34=1.5 to 143.67x1.3 mg GAE/g), and
flavonoids (32.56+0.2 to 33.24=0.3 mg CE/ g), which
highlight the medicinal properties of this plant used as
an antioxidant, anti-inflammatory agent. Phenolic
contents of both parts are nearly equal or in some cases
higher than the phenolic contents of some common
fruits like grapes (126-195 mg GAE/g), cherry (94.3
mg GAE/g), and pear (69.2 mg GAE/g) (Brat et al.,
2006; Wu et al., 2004). It is also well established that
phenolics, flavonoids and tannins are very much
effective against various types of inflammation,
diabetic effects, wounds and body pain (Mutha et al.,
2021; Das et al., 2020). Presence of good amount of
these therapeutically active compounds also
highlights the prospect of this plant to be an effective
anti-oxidangand anti-inflammatory drug source.

Pharmacognostic study .....
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Here antioxidant activities of the methanol extracts of
selected plant parts were assessed using the DPPH and
ABTS methods. Plant extracts rich in phenolics and
other antioxidant phytochemicals exhibited
significantly high scavenging value. In this research,
we determined the scavenging properties of leaf and
bark extracts using DPPH and ABTS radical
scavenging assays. The scavenging activity of test
samples is expressed by its estimated IC,, values,
which highlight the ability of test samples to scavenge
50% of the free radicals existing in the reaction
mixture at a specific concentration of it. High IC,,
values indicate the low antioxidant activity of the plant
sample. The IC,, values were 72.40:0.45 pg/mL for
leaf and 81.25+0.78 pg/mL for bark in the DPPH
method. In the ABTS assay, the estimated IC,, values
for bark and leaf part were 93.35+0.41 and 82.97+0.19
pg/ mL, respectively. In both antioxidant assays, the
leaf was estimated to have a lower IC,, value than the
bark part of the investigated plant. It may be due to
presence of more amount of phenolics in the leaf
(143.67 =1.3 mg of GAE/g tissue) than bark part
(101.34 +£1.5 mg of GAE/g tissue) which further
indicates a positive correlation between the
antioxidant activity of plant extract and its total
phenolic content. The antioxidant property of
phenolics is related to their redox properties. Presence
of hydroxyl groups in phenolics allows them to act as
reducing agents, metal chelators, and single oxygen
quenchers.

Both the parts of the investigated plant manifested
variable scavenging values which are due to unequal
distribution of antioxidant molecules such as
phenolics, flavonoids, etc. identified in those different
parts of this medicinal plant. Based on the results
obtained here in this study, it was found that the
methanol extracts of leaf showed greater antioxidant
activity in the both methods employed, than the
antioxidant activity recorded in bark part of the plant.
The higher antioxidant activity of leaf is correlated
with its higher contents of phenolics and flavonoids
estimated. The compounds of different phenolic
groups have various functional groups including
hydroxyls that are responsible for their radical
scavenging activity (Chen ef «al., 2022). This result
confirms the importance of different groups of
phenolics as the potential antioxidant agents.
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Antioxidant activity of both parts of B. acuminata is
nicely correlated with the total phenolic and total
flavonoid contents of leaf and stem bark which
illustrate the species as a potent source of antioxidant
substances and simultaneously encourages the
scientific world to investigate novel antioxidants as
well as therapeutically active natural products. Among
the leaf and stem bark parts, it was found that the leafis
more potent in respect of its phytochemical content
and antioxidant activity. Hence, this plant could be
used as an easily accessible source of natural
antioxidants in the pharmaceutical industries. For this
reason, further scientific studies of these two parts of
the investigated medicinal plant are highly
recommended to standardize noble antioxidant
phytochemicals. The present study provides valuable
preliminary data through a demonstration of its
efficient antioxidant capacity. Some of the
pharmacognostic characters obtained through present
study will be used as marker in proper identification of
the crude drugs obtained from the leaf and stem bark of
B. acuminata.

CONCLUSION

The diagnostic features derived from this
pharmacognostic investigation are found effective in
proper identification and quality control of
unprocessed crude drugs of leaf and bark obtained
from B. acuminata L. Phytochemical analysis
revealed that the studied plant contains a good amount
of therapeutically important chemical groups such as
phenolics, flavonoids, tannins, and alkaloids in its
stem bark and leaf. The presence of such
phytochemicals in significant amounts clearly
indicates the healing potential of this medicinal tree
used traditionally in a varied range of health
conditions and elucidates the rationale for
investigating its various medicinal uses. Presence of a
good amount of phenolics and flavonoids in the
investigated two plant parts co-relates their
satisfactory antioxidant activity. Finally, present study
highlights some promising areas for further
investigations of its chemical and pharmacological
profiles.
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