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ABSTRACT

The study of leaf venation pattern helps us to identify some evolutionary clues and the
taxonomic studies. The venation patterns in the leaves differentiate the species from each
other and helps in identification of new plant species. In herbal trade, leaf based herbal
materials are need to be identified due to its adulteration and misidentification. In this
study, 15 different medicinal and aromatic plant species were collected from Guntur
region of Andhra Pradesh (India) and the leaf venation characteristics were studied. The
leaves are analyzed for macroscopic and microscopic characteristics such as leaf size,
shape, margin, type of leaf, major and minor venation pattern. In all the evaluated plant
species pinnate type of venation was observed except in Mangifera indica, Rosa
damascena (reficulate) and Centella asiatica (palmate). The minor venation pattern is
unicostate in all plant species except Centella asiatica which is a multicostate. Compound
type of leaf was observed in Azadirachta indica, Rosa damascena and Jasminum
officinale and the remaining plant species have simple type of leaf. The macro and
microscopic studies of leaves help in identification and differentiation of plant species and
the venation pattern would significantly contribute to enrich the taxonomic attributes of
the plants studied.

Key words: Adulteration, Aromatic plants, Botanical identification, Herbal trade, Leaf
venation pattern, Medicinal plants, Taxonomic studies
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INTRODUCTION

In recent years, the medicinal and
aromatic plant species are attracting the
attention of more and more researchers
due to their commercial potential [1]. Over
centuries, the people around the world
have used medicinal and aromatic plants
to fight against various illnesses and
maintained the overall health [2,3]. Every
part of the medicinal and aromatic plant
including seeds, roots, stem, leaves, bark,
flowers and fruits are said to have
medicinal value [1]. Among these, leaves
are most frequently used for the treatment
of various diseases followed by other parts
of the plant [4]. Traditionally, the
morphological features such as size and
shape of the leaf are used to differentiate
various plant species [5]. Leaves vary
among each other by their size, shape and
other characteristics like the blade margin
and the venation patterns of the leaf
lamina [6]. The architecture of the leaves
shows a great variance in the angiosperms
[7]. The veins in the leaves act as a support
to the leaf lamina helping the leaf to
maintain its three-dimensional structure
and also the transportation of water from
roots to leaves [8]. Leaf shapes vary
accordingly and include oval, linear,
elliptic, cordate, reniform and so on [9].
Veins confribute to the taxonomic
character of the leaf through which one
can differentiate different species of plants
[6].

Phenotypic characters of the plants are
important to be studied as it helps us to
differentiate among the plant species by
their physical appearance such as texture,
color, size, shape and venation pattern
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[10,11]. The study of leaf venation and its
pattern provides information related to
photosynthetic performance and it has
several applications in plant technology,
agriculture and paleobiology [12]. Leaves
possesses characteristic aroma, flavor and
pungent taste due to the presence of
aromatic compounds [13]. Leaves are
used as herbal teas, beverages, spices,
churnas and powders [14]. In economical
point of view, the leaves are adulterated
with other plant leaves which upon
consumption results info adverse effects
[15]. Commercially, the medicinal and
aromatic plants leaves are the most used
parts followed by stem, roots and flowers
[16]. Despite the wide wuse and
commercialization of medicinal and
aromatic plants, the botanical quality of
the samples is not always genuine or pure
due to adulteration and plant
misidentification [15]. These often results in
poor quality of the sample, substituted
sample and adulterated sample that
affect the effectiveness and safety of the
product [17]. The morphological and
organoleptic evaluation of the raw
material of medicinal herbs and spices are
essential in view of herbal adulteration [18].
ldentifying the spurious plant,
authentication of the authentic plant is
required in herbal raw material trade [19].
The morphological features evaluating the
leaf based herbal raw materials are leaf
size, shape, petiole, venation, leaf base
and leaf apex [20,21].

A few studies are reported related to the
venation pattern of medicinal and
aromatic plants compared with other
plant species [22-24]. Foliar venation helps
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in the study of wvarious species to
specifically identify or describe a particular
species collected [25]. In the present study,
the morphological features such as leaf
size, shape, pefiole and leaf venation
pattern in fifteen different plant leaves
belonging to eleven taxa of medicinal and
aromatic plants category are reported.
The findings of venation pattern may help
to identify an adulterated herbal material
and also helps in the authentication of the
authentic plant material in herbal trade.
MATERIALS AND METHODS

Collection of Plant material

A total of fifteen different medicinal and
aromatic plants leaves are collected from
different habitats. The selected plants are
Mytragyna  speciosa (Korth) Havil.,
Mangifera indica L., Coleus blumei
(Synonym:Coleus Scutellarioides) (L.) Benth,
Azadirachta indica A. Juss., Rosa
damascene Mill., Jasminum officinale L.,
Allamanda  cathartica L., Tecoma
gaudichaudi (Synonym: Tecoma stans (L.)
Juss. ex Kunth), Nerium oleander L.,
Ocimum tenuiflorum L., Pentalinon luteum
(L.) B.F.Hansen & Wunderlin, Andrographis
paniculata  (Burm.f.) Nees, Centella
asiatica (L.) Urban, Ruellia tuberosa L. and
Hibiscus longifolius (Willd.). The leaves are
collected in the month of January-
February from Guntur region of Andhra
Pradesh, India. The microscopic studies are
done using Stereo zooming microscope
with CMOS camera (Lawrence and Mayo)
and Trinocular microscope with CMOS
camera (Lynx model 1803).

Chemicals and Reagents

The chemicals, solvents and reagents used
in the present work are of A R grade
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(Merck, Qualigens, Loba and SLR
purchased from local supplier.

Leaf clearing and Venation

The fresh leaves are collected from
different medicinal and aromatic plant
species and the major venation patterns
are traced out. In addition to this, leaf
clearing studies are performed to observe
the minor venation pattern clearly. These
leaves are placed in a beaker and are
washed thoroughly under running tap
water to remove the debris and the dust
on the leaves. In this method, the reagents

phenol and trichloro acetic acid are used

in equal proportions (1:1). The crystals
formed in the mixture are melted at 60°C in
hot air oven. Then, the leaves are

immersed in this solution and incubated at
60°C for an hour. Leaving in this solution
digests the parenchymatous tissues of the
leaves which makes the leaves transparent
and the veins remain intact such that the
venation pattern and the epidermis can
be seen clearly. This freatment helps us to
get a proper view of the venation patterns
in the leaf including secondary and tertiary
venations, and also provides a proper
glance of the epidermal layer of the leaf.
The solution is poured out and the leaves
are washed with water carefully to remove
the fraces of phenol and fri chloroacetic
acid. Further, the leaves are stained with
1% ink pad ink of blue color by diluting it in
water and left aside for 10-15 minutes.
Excess stain has been removed by washing
with water. Next, 50% ethyl alcohol solution
added to the leaves and kept for 10-15
minutes. After this freatment, the leaves
are washed under running tap water,
treated with lactophenol for 5 minutes and
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the excess stain is removed by pressing
with filter paper. The leaves are observed
under stereo zoom microscope to get the
microphotographs at desired
magnification [26].

RESULTS AND DISCUSSION

During the present investigation on the
study of leaf architecture, major and minor
venation patterns for fifteen varieties of
medicinal and aromatic plants (Figure 1)
are analyzed. The results of this analysis
showed the important anatomical features
of the medicinal and aromatic plants.
Medicinal and aromatic plants have long
been used by people for treating various
diseases in tfraditional health practice [19].

Mitragyna speciosa Mangifera indica
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Coléus blumei

Jasminum officinale Allamanda cathartica Tecoma gaudichaudi Nerium oleander Ocimum tenuiflorum

Pentalinon luteum Andrographis paniculata Centella asiatica

In recent vyears, the herbal frading is
exponentially increased globally, herbs
and spices have become prone to
adulteration by deliberate or unintentional
means [27]. The deliberate adulteration is
economically motivated to get more
profit, whereas unintenfional adulteration is
attributed fo improper harvesting,
processing of raw material and substituting
with close or related plant species [27]. The
morphological and organoleptic
evaluation of herbal raw materials is

essential for identifying and evaluating the
authenticated
adulterants [21].

plant species from

Azadirachta indica Rosa damascena

Ruellia tuberosa Hibiscus longifolius

Figure 1. Leaves of medicinal and aromatic plants selected for leaf venation studies.

The qualitative features of leaf architecture
of selected plants are listed in the Table 1.
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The plants scientific name, common name,
family, order, phyllotaxy and type of the

.com | Innovative Association
') (@S

Indira et al.,



leaf details are listed. The selected plant
species belong to the families namely
Rubiaceae, Anacardiaceae, Lamiaceae,

Meliaceae, Rosaceae, Oleaceae,
Apiaceae, Bignoniaceae,
Apocyanaceae, Acanthaceae and

Malvaceae. The leaf type for all plant

J.Bio.Innov11(3), pp: 733-745, 2022 |ISSN 2277-8330 (Electronic)

For the plant species Mitragyna speciosa,
Mangifera indica, Azadirachta indica,
Rosa damascena, Centella asiatica and
Hibiscus longifolius. The plants such as
Azadirachta indica, Rosa damascena and
Jasminum officinale have compound type
of leaf whereas remaining plant species

species is foliage and the phyllotaxy of the have simple type of leaves.
plant leaves was alternate and opposite.
Common . Leaf
Name name Family Order type Phyllotaxy | Type of leaf
Mitragyna Kratom Rubiaceae Gentianales | Foliage | Alternate Simple
speciosa
Mangifera indica | Mango Anacardiaceae | Sapindales | Foliage | Alternate Simple
Coleus blumei Painted Lamiaceae Lamiales Foliage | Opposite Simple
nettle
Azadirachta indica | Neem Meliaceae Sapindales | Foliage | Alternate Compound
Rosa damascena Damask Rosaceae Rosales Foliage | Alternate Compound
rose
Jasminum Jasmine Oleaceae Lamiales Foliage | Opposite Compound
officinale
Allamanda Golden Apiaceae Apiales Foliage | Opposite Simple
cathartica trumpet
Tecoma Yellow Bignoniaceae | Lamiales Foliage | Opposite Simple
gaudichaudi bells
Nerium oleander Oleander | Apocyanaceae | Gentianales | Foliage | Opposite Simple
Ocimum Holy basil | Lamiaceae Lamiales Foliage | Opposite Simple
tenuiflorum
Pentalinon luteum | Hammock | Apocyanaceae | Gentianales | Foliage | Opposite Simple
vipers’ tail
Andrographis Green Acanthaceae Lamiales Foliage | Opposite Simple
paniculata Chiretta
Centella asiatica Gotu kola | Apiaceae Apiales Foliage | Alternate Simple
Ruellia tuberosa Meadow Acanthaceae Lamiales Foliage | Opposite Simple
weed
Hibiscus Hibiscus Malvaceae Malvales Foliage | Alternate Simple
longifolius

Table 1 — Qualitative features of leaf architecture of selected medicinal and aromatic plants plant species.
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The macro and microscopic analysis of
leaves such as size, shape, petiole,
phyllotaxy and venation helps us to study
the orientation of the veins in the leaves
and the leaf lamina for identification and
characterization of particular medicinal
and aromatic plant species [21, 28]. The
organoleptic, MACroscopic and

mMicroscopic combination help in
identification and evaluation of raw
materials that provide high degree of
confidence [21]. The shape, length,
breadth, margin, petiolate, major and
minor venation patterns of leaves studied
under current investigation are listed in
Table 2.

Table 2. Leaf venation pattern in the presently studied medicinal and aromatic plant species

Indira et al.,

Major Minor
Length | Breadth
Shape Margin | Petiolate | venation | venation

(mm) | (mm)
Plant Name pattern pattern
Mitragyna speciosa Ovate 9.5 4.9 Entire + Pinnate Unicostate
Mangifera indica Elliptical 11.6 2.3 Entire + Reticulate | Unicostate
Coleus blumei Ovate 4.5 2.4 Dentate + Pinnate Unicostate
Azadirachta indica Lanceolate 5.8 2.5 Dentate + Pinnate Unicostate
Rosa damascena Ovate 3.1 1.6 Serrate + Reticulate | Unicostate
Jasminum officinale Lanceolate 7.2 3.6 Entire + Pinnate Unicostate
Allamanda cathartica Lanceolate 6.5 1.6 Entire + Pinnate Unicostate
Tecoma gaudichaudi Elliptical 9.2 35 Serrate + Pinnate Unicostate
Nerium oleander Lanceolate | 11.0 1.9 Entire + Pinnate Unicostate
Ocimum tenuiflorum Ovate 4.9 2.9 Crenate + Pinnate Unicostate
Pentalinon luteum Elliptical 7.0 4.9 Entire + Pinnate Unicostate
Andrographis Lanceolate 4.1 1.4 Entire + Pinnate Unicostate
paniculata
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Centella asiatica Reniform 3.4 3.7 Crenate + Palmate Multicostate
Ruellia tuberosa Elliptical 5.4 2.3 Undulate + Pinnate Unicostate
Hibiscus longifolius Elliptical 7.0 4.0 Serrate + Pinnate Unicostate

The main shapes of the leaves are ovate
(Mitragyna speciosa, Coleus blumei, Rosa
damascena, and Ocimum tenuifolium),
elliptical  (Mangifera indica, Tecoma
gaudichaudi, Pentalinon luteum, Ruellia
fuberosa and Hibiscus longifolius),
lanceolate (Azadirachta indica, Jasminum
officinale, Nerium oleander and
Andrographis paniculata) and reniform
(Centella asiatica). The length of the
selected leaves ranges from 3.1mm -11.6
mm and breadth ranges from 1.4mm to 4.9
mm which are represented in the Table 2
for each leaf. All the plant species are
petiolate and the margins varied from one
plant to another plant. The plants such as
Mitragyna speciosa, Mangifera indica,
Jasminum officinale, Allamanda
cathartica, Nerium oleander, Pentalinon
luteum and Andrographis paniculata
leaves have entire margin. The plants
Coleus blumei, Azadirachta indica have
dentate type of margins. Serrate type of
margin is observed in plants such as Rosa
damascena, Tecoma gaudichaudi,
Hibiscus longifolius. Crenate type of margin
is observed in Ocimum tenuifolium and
Centella asiatica. Ruellia tuberosa has
undulate type of wavy margin.

The design and venation pattern of leaf is
very important for plant photosynthesis
performance in agriculture and plant
technology [29]. Leaf veins are essential for
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structure of a leaf to maintain its three-
dimensional structure, orientation and
mechanical support to leaves [30]. The leaf
veins are responsible for transport of water,
nutrients and biological products by photo
assimilation process due to the presence of
xylem and phloem [6, 31]. Leaves have
many features for taxonomic significance
and herbal trade [32]. Out of all features,
leaf venation has potential significance
and the venation pattern vary strongly
across the major plant lineages but
reficulate venation evolved frequently [6].
Typically, three orders of venation have
been observed which includes first order
veins (major veins) run from petiole to the
leaf apex, second order veins branching at
intervals and the third order veins
branching in between the leaf lamina [33].
The venation pattern is mainly pinnate,
reticulate and palmate (Figure 2). Pinnate
type of venation has been observed in 12
species of plants such as Mitragyna
speciosa, Coleus blumei, Azadirachta
indica, Jasminum officinale, Allamanda
cathartica, Tecoma gaudichaudi, Nerium
oleander, Ocimum tenuiflorum, Pentalinon
luteum, Andrographis paniculata, Ruellia
fuberosa and Hibiscus longifolius.
Reticulate type of venation is observed in
two plant species namely Mangifera
indica and Rosa damascena. Centella
asiatica has palmate type of venation. In
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the present study, the macro and
microscopic analyses of fifteen different
medicinal and aromatic plants are
performed and different venation patterns
have been evaluated microscopically
using trinocular and stereo zoom
microscopes. The study has significant
importance because the presently studied
medicinal and aromatic plant varietfies
provided valuable information on their vein

CAI

Coleus blumei

Mitragyna speciosa

Mangiferaindica

Jasminum officinale Allamanda cathartica

Pentalinon luteum

Andrographis paniculata

Tecoma gaudichaudi

Centella asiatica

architecture and venation patterns. The
results obtained in this study helps in
identification, purity and effectiveness of
herbal materials developed as a
botanical. There are a few studies related
to venation pattern in medicinal and
aromatic plants [34, 35]. The selected
plants have simple and compound type of
leaf belongs to foliage category.

Azadirachta indica

Rosa damascena

Nerium oleander Ocimum tenuifolium

Ruellia tuberosa Hibiscus longifolius

Figure 2. Leaf venation pattern of selected medicinal and aromatic plants.

The plant leaves have  bioactive
compounds  with  various  biological
activities and effective for various diseases
[36]. The plants such as Rosa damascena,
Jasminum officinale, Ocimum tenuiflorum
and Hibiscus longifolius produce bioactive
compounds with aroma and flavor. They
are used in food, pharmaceutical and

cosmetic industries [37-40]. The other plants
such as Mifragyna speciosa, Coleus
blumei, Mangifera indica, Azadirachta
indica, Allamanda cathartica, Tecoma
gaudichaudi, Nerium oleander, Pentalinon
luteum, Andrographis paniculata, Centella
asiatica and Ruellia tuberosa are having
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medicinal importance used for various
pharmacological activities [41- 50].
Conclusion

The leaf venation pattern contributes as a
marker in plant systematics and also
helpful for cataloguing medicinal and
aromatic plants. The importance of leaf
venation as taxonomic entities can be
preserved for longer period of time and for
systematic evidence also. The results of
minor venatfion patterns obtained in this
study are wuseful for studying various
characteristic  features, identifying and
classifying  different  medicinal  and
aromatic plant species. For preserving the
plant ecosystem, plant conservation and
trading of herbal materials, the scientific
data related to classical techniques like
morphological, macroscopic, microscopic
and organoleptic studies are essential and
provides the idenfification, purity and
quality assessment of medicinal and
aromatic plants. Proper identification of
botanical ingredients in medicinal and
aromatic plants is critical for maximizing
their efficacy and minimiziing the
adulteration. Further, the addition of
research on medicinal and aromatic
plants leaf venation will speed up the
discoveries and generates the scientific
knowledge in plant biology, agriculture
and herbal tfrade.

Conflict of Interest

The authors declare no conflict of interest,
financial or otherwise.

ACKNOWLEDGEMENTS

The authors acknowledge the
management of VFSTR (Deemed to be
University) for providing a platform to

J.Bio.Innov11(3), pp: 733-745, 2022 |ISSN 2277-8330 (Electronic)

2022 May Edition | www.jbin

. Karunamoorthi K,

. Sack L,

carryout research work. This work was
supported by DST FIST networking facility
project LSI-576/2013 and Centre of
Excellence in Biotechnology Department
at VFSTR University, India.

References

. Sofowora A, Ogunbodede E, Onayade A.

The role and place of medicinal plants in

the strategies for disease
prevention. African journal of fraditional,
complementary and alternative
medicines. 2013; 10(5): 210-229.

https://doi.org/10.4314/ajtcam.v10i5.2

Jegajeevanram K,
Vijayalakshmi J, Mengistie E. Traditional
medicinal plants: a source of
phytotherapeutic modality in resource-
constrained health care settings. Journal of
Evidence-Based Complementary &
Alternative Medicine 2013; 18(1): 67-74.
https://doi.org/10.1177/2156587212460241

. Petrovska BB. Historical review of medicinal

reviews.
1-5.

plants  usage. Pharmacognosy
2012; 6(11):
https://doi.org/10.4103/0973-7847.95849

. Pathirana CK, Madhujith T, Eeswara, J. Bael

(Aegle Marmelos L. Correa), a Medicinal

Tree with Immense Economic
Potentials. Advances in Agriculture. 2020;
Arficle ID 8814018.

https://doi.org/10.1155/2020/8814018

. Viscosi V, Cardini A. Leaf morphology,

taxonomy and geometric morphometrics:
a simplified protocol for beginners. PloS
one. 2011; 6(10): €25630.
https://doi.org/10.1371/annotation/bc347a
be-8d03-4553-8754-83f41a9d51ae

Scoffoni, C. Leaf venation:
structure, function, development,
evolution, ecology and applications in the

.com | Innovative Association
ot e

Indira et al.,


https://doi.org/10.1177%2F2156587212460241
https://doi.org/10.4103/0973-7847.95849
https://doi.org/10.1155/2020/8814018

J.Bio.Innov11(3), pp: 733-745, 2022 |ISSN 2277-8330 (Electronic) Indira et al.,

past, present and future. New phytologist.
2013; 198(4): 983-1000.
https://doi.org/10.1111/nph.12253

Nicotra AB, Leigh A, Boyce CK, Jones CS,
Niklas KJ, Royer DL, Tsukaya H. The
evolution and functional significance of
leaf shape in the angiosperms. Functional
Plant  Biology.  2011; 38(7):  535-552.
https://doi.org/ 10.1071/fp11057

Katifori E. The ftransport network of a
leaf. Comptes Rendus Physique.
2018; 19(4): 244-252.
https://doi.org/10.1016/j.crhy.2018.10.007
Niinemets U, Portsmuth A, Tobias M. Leaf
shape and venation pattern alter the
support investments within leaf lamina in
temperate species: a neglected source of

leaf physiological
differentiation2 Functional Ecology.
2007; 21(1): 28-40.

https://doi.org/10.1111/j.1365-
2435.2006.01221 x

10.Badron UH, Talip N, Mohamad AL, Affenddi

11

AEA, Juhari, AAA. Studies on leaf venation
in selected taxa of the genus Ficus L.
(Moraceae) in peninsular
Malaysia. Tropical life sciences research.
2014; 25(2): 111.

.Ambarwari A, Adria QJ, Herdiyeni Y,

Hermadi, |. Plant species identification
based on leaf venation features using
SVM. Telkomnika.  2020; 18(2): 726-732.
http://dx.doi.org/10.12928/telkomnika.v18i
2.14062

12.Zhang L, Yang J, Huang Y, Jia Z, Fang Y.

Leaf venation variation and phenotypic
plasticity in response to environmental
heterogeneity in Parrotia subaequalis (H. T.
Chang) R. M. Hao et H. T. Wei, an endemic

2022 May Edition | www.jbin

= {8

and endangered tree species from
China. Forests. 2018; 9(5): 247.
https://doi.org/10.3390/f9050247

13.Kumar Y, Prakash O, Tripathi H, Tandon S,
Gupta MM, Rahman LU, Khan F. AromaDb:
A database of medicinal and aromatic

plant’s aroma molecules with
phytochemistry and therapeutic
pofentials. Frontiers in  plant  science.
2018; 9: 1081.

https://doi.org/10.3389/fpls.2018.01081

14.Chandrasekara A, Shahidi F. Herbal
beverages: Bioactive compounds and
their role in disease risk reduction-A
review. Journal of traditional and
complementary medicine. 2018; 8(4): 451-
458.
https://doi.org/10.1016/j.jtcme.2017.08.006

15.Ekor M. The growing use of herbal
medicines: issues relating to adverse
reactions and challenges in monitoring
safety. Fronftiers in pharmacology.
2014; 4:177. https://doi.org/
10.3389/fphar.2013.00177

16.Barboza GE, Cantero JJ, Nunez C, Ariza
Espinar L, Pacciaroni, ADV. Medicinal
plants: A general review and a
phytochemical and
ethnopharmacological screening of the
native Argentine Flora. 2009.

17.Fortunato RH, Varela BG, Castro MA, Nores
MJ. Leaf venation pattern to recognize
austral South American medicinal species
of" COW'S hoof"(Bauhinia L.,
Fabaceae). Revista Brasileira de
Farmacognosia.  2017;  27: 158-161.
https://doi.org/10.1016/.bjp.2016.10.007

18.Santhosh Kumar JU, Krishna V, Seethapathy
GS, Ganesan R, Ravikanth G, Shaanker RU.
Assessment of adulteration in raw herbal

g).com | Innovative Association
Mo



https://doi.org/10.1111/nph.12253
http://dx.doi.org/10.1071/fp11057
https://doi.org/10.1111/j.1365-2435.2006.01221.x
https://doi.org/10.1111/j.1365-2435.2006.01221.x
http://dx.doi.org/10.12928/telkomnika.v18i2.14062
http://dx.doi.org/10.12928/telkomnika.v18i2.14062
https://doi.org/10.3390/f9050247
https://doi.org/10.3389/fpls.2018.01081
https://doi.org/10.1016/j.jtcme.2017.08.006
https://doi.org/10.3389/fphar.2013.00177
https://doi.org/10.1016/j.bjp.2016.10.007

J.Bio.Innov11(3), pp: 733-745, 2022 |ISSN 2277-8330 (Electronic)

trade of important medicinal plants of
India using DNA barcoding.3 Biotech.
2018; 8(3): 1-8.
https://doi.org/10.1007/s13205-018-1169-3
19.Mitra SK, Kannan R. A note on unintentional
adulterations in Ayurvedic
herbs. Ethnobotanical Leaflets. 2007; 11:
11-15.
Khan SA, lbrar M, Barkatullah, B.
Pharmacognostic evaluation of the leaf OF
Rhus succedanea Var. Himalaica. J. D

20.

Hooker. African  Journal of Traditional,
Complementary and Alternative
Medicines. 2016; 13(6): 107-120.

https://doi.org/10.21010/ajtcam.v13i6.16
.Upton R, David B, Gafner S, Glasl, S.
Botanical ingredient identification and
quality assessment: strengths and
limitations of analytical
techniques. Phytochemistry Reviews.
2020; 19(5): 1157-1177.
https://doi.org/10.1007/s11101-019-09625-z
22.Praveen D, Asha KJ. Leaf venation studies
in the species of Ipomoea Linn.
International Journal of Botany Studies.
2020; 5(2): 119-121.
23.Nitu SK, Tarigue H, Islam SMS. Leaf
epidermal anatomy of Cynodon dactylon
(L.) Pers. in relation to ecotypic
adaptation. Bangladesh Journal of Plant
Taxonomy. 2021; 28(1): 171-193.
https://doi.org/10.3329/bjpt.v28i1.54216
24.Kiledar SG, More HN, Nadaf SJ.
Microscopic evaluation of leaves of
Memecylon umbellatum Burm. Advances
in  Agriculture. 2014;  Article 1D 104849.
https://doi.org/ 10.1155/2014/104849
25.Rao VS, Shenoy KN, Inamdar JA. Clearing
and  staining  technique  for leaf

21

2022 May Edition | www.jbin

= {8

architectural studies. Microscopica acta.
1980; 83(4): 307-310.

.Ram HY, Nayyar VL. A leaf-clearing
techniqgue with a wide range of
applications. In Proceedings of the Indian
Academy of Sciences-Section B.
1978; 87(5): 125-127. Springer India.

Osman AG, Raman V, Haider S, Ali Z,
Chittiboyina AG, Khan IA. Overview of
analytical tools for the identification of
adulterants in commonly fraded herbs and
spices. Journal of AOAC International.
2019; 102(2): 376-385. https://doi.org/
10.5740/jaoacint.18-0389.

Mukherjee PK. Morphological  and
microscopical evaluations. Quality Control
and Evaluation of Herbal Drugs, Elsevier.
2019; 151-193. https://doi.org/10.1016/B978-
0-12-813374-3.00016-8

Liu J, Ye W, Zhang Z, Yu Z, Ding H, Zhang C,
Liu S. Vein distribution on the deformation
behavior and fracture mechanisms of
typical plant leaves by quasi in situ fensile
test under a digital microscope. Applied
Bionics and Biomechanics, 2020; Article
ID 8792143.
https://doi.org/10.1155/2020/8792143

27.

28.

29.

30.Sharma B, Albert S, Dhaduk H. Leaf
venation studies of 30 varieties of
Mangifera indica L.
(Anacardiaceae). Webbia. 2016; 71(2):
253-263.
https://doi.org/10.1080/00837792.2016.
1175092

31.Scarpella E, Meijer AH. Pattern formation in
the vascular system of monocot and dicot
plant species. New Phytologist.
2004; 164(2): 209-242.
https://doi.org/10.1111/j.1469-

8137.2004.01191.x

g).com | Innovative Association
Mo

Indira et al.,


https://dx.doi.org/10.1007%2Fs13205-018-1169-3
https://dx.doi.org/10.21010%2Fajtcam.v13i6.16
https://doi.org/10.3329/bjpt.v28i1.54216
https://doi.org/%2010.1155/2014/104849
https://dx.doi.org/10.1016%2FB978-0-12-813374-3.00016-8
https://dx.doi.org/10.1016%2FB978-0-12-813374-3.00016-8
https://doi.org/10.1155/2020/8792143
https://doi.org/10.1080/00837792.2016.%201175092
https://doi.org/10.1080/00837792.2016.%201175092
https://doi.org/10.1111/j.1469-8137.2004.01191.x
https://doi.org/10.1111/j.1469-8137.2004.01191.x

J.Bio.Innov11(3), pp: 733-745, 2022 |ISSN 2277-8330 (Electronic)

32.Song JH, Yang S, Choi G. Taxonomic
implications of leaf micromorphology using

MICroscopic analysis: A  tool for
identification and  authentication  of
Korean Piperales. Plants. 2020; 9(5): 566.

https://doi.org/10.3390/plants2050566
33.Sack L, Scoffoni C, McKown AD, Frole K,
Rawls M, Havran JC, Tran T.
Developmentally based scaling of leaf
venation architecture explains global
ecological patterns. Nature
Communications. 2012; 3(1): 1-10.
https://doi.org/ 10.1038/ncomms1835
34.Arun CH, Emmanuel WS, Durairaj DC.
Texture feature extraction for identification
of medicinal plants and comparison of
different classifiers. International Journal of
Computer Applications. 2013; 62(12): 1-9.
35.Kumar S. Leaf Color, Area and Edge
features-based approach for Identification
of Indian Medicinal Plants”. International
Journal of Computer Science and
Engineering. 2012; 3(3): 436-442.
36.Mustafa G, Arif R, Atta A, Sharif S, Jamil, A.
Bioactive compounds from medicinal

plants and their importance in drug
discovery in Pakistan. Matrix Science
Pharma. 2017, 1(1): 17-26.

https://doi.org/10.26480/msp.01.2017.17.26
37.Mahboubi M. Rosa damascena as holy
ancient herb with novel
applications. Journal of traditional and
complementary medicine. 2016; 6(1): 10-
16. https://doi.org/
10.1016/j.jtcme.2015.09.005

38.Takahashi JA, Rezende FAGG, Moura MAF,
Dominguete LCB, Sande D. Edible flowers:
Bioactive profile and its potential to be
used in food development. Food Research

2022 May Edition | www.jbin

= {8

International. 2020; 129: 108868.
https://doi.org/10.1016/j.foodres.2019.1088
68

39.Mousavi L, Salleh RM, Murugaiyah, V.
Phytochemical and bioactive compounds
identification of Ocimum  tenuiflorum
leaves of methanol extract and its fraction

with an anti-diabetic
potential. Infernational Journal of Food
Properties. 2018; 21(1): 2390-2399.
https://doi.org/10.1080/10942912.2018.1508
161

40.So0d SK, Gupta P, Kumar S. Flavouring and
fragrant resources of India. Scientific

Publishers. 2010.

.Gogineni V, Leon F, Avery BA, McCurdy C,

Cutler SJ. Phytochemistry of Mifragyna

speciosa. Kratom and Other Mitragynines.

2014; 77. https://doi.org/ 10.1201/b17666-7

42.Bauer N, Vukovi¢ R, Likic S, Jelaska, S.
Potential of different Coleus blumei tissues
for rosmarinic acid production. Food
technology and biotechnology. 2015;

41

53(1): 3-10. https://doi.org/
10.17113/f1b.53.01.15.3661

43.Ediriweera MK, Tennekoon KH,
Samarakoon SR. A review on

ethnopharmacological applications,
pharmacological activities, and bioactive
compounds of Mangifera indica
(Mango). Evidence-based complementary
and alternative medicine. 2017; Article
ID 6949835.
https://doi.org/10.1155/2017/6949835

44, Alzohairy MA. (2016). Therapeutics role of
Azadirachta indica (Neem) and their
active constituents in diseases prevention
and tfreatment. Evidence-Based
Complementary and Alternative

g).com | Innovative Association
Mo

Indira et al.,


https://doi.org/10.3390/plants9050566
https://doi.org/10.1038/ncomms1835
https://doi.org/10.26480/msp.01.2017.17.26
https://doi.org/10.1016/j.jtcme.2015.09.005
https://doi.org/10.1016/j.foodres.2019.108868
https://doi.org/10.1016/j.foodres.2019.108868
https://doi.org/10.1080/10942912.2018.1508161
https://doi.org/10.1080/10942912.2018.1508161
http://dx.doi.org/10.1201/b17666-7
https://dx.doi.org/10.17113%2Fftb.53.01.15.3661
https://doi.org/10.1155/2017/6949835

J.Bio.Innov11(3), pp: 733-745, 2022 |ISSN 2277-8330 (Electronic) Indira et al.,

Medicine. 2016; Arficle ID 7382506. tuberosa. Journal of Chemistry, 2022;

https://doi.org/10.1155/2016/7382506 Article ID 4644641.
45.Peftricevich VL, Abarca-Vargas R. https://doi.org/10.1155/2022/ 4644641.

Allamanda cathartica: a review of the

phytochemistry, pharmacology,

toxicology, and biotechnology. Molecules.

2019; 24(7): 1238. https://doi.org/

10.3390/molecules24071238

46. Abhimanyu KK, Ravindra CS, Avanapu RS.
Application of Digital  (Motic) and
Scanning electron microscope in
histological study of leaf of Tecoma
gaudichaudi DC (Bignoniaceae). Beni-Suef
University Journal of Basic and Applied
Sciences. 2016; 5(1): 97-101.
https://doi.org/10.1016/].bjbas.2015.11.005

47.Al-Snafi  AE. Bioactive ingredients and
pharmacological effects of  Nerium
oleander. IOSR Journal of Pharmacy.

2020; 10(9): 19-32.
https://doi.org/10.30574/gscbps.2021.17.1.0
319

48.Mussard E, Jousselin S, Cesaro A, Legrain B,
Lespessailles E, Esteve E, Toumi H.
Andrographis paniculata and its bioactive
diterpenoids protect dermal fibroblasts
against  inflammation and  oxidative
stress. Antioxidants. 2020; 9(5): 432.
https://doi.org/ 10.3390/antiox?060530

49.Kunjumon R, Johnson AJ, Baby S. Centella
asiatica: Secondary metabolites, biological

activities and biomass
sources. Phytomedicine  Plus.  2022; 2(1):
100176.
https://doi.org/10.1016/j.phyplu.2021.10017
6

50.Thi Pham TN, Nguyen TT, Le Thi Nguyen T,
Nguyen Tran AM, Nguyen TN, Tong DT, Tien
Le D. Anfioxidant and Anti-Inflammatory
Activities of Phytochemicals from Ruellia

2022 May Edition |Www.jbikn§>r.\com | Innovative Association
oyt (=



https://doi.org/10.1155/2016/7382506
https://doi.org/10.3390/molecules24071238
https://doi.org/10.30574/gscbps.2021.17.1.0319
https://doi.org/10.30574/gscbps.2021.17.1.0319
https://dx.doi.org/10.3390%2Fantiox9060530
https://doi.org/10.1016/j.phyplu.2021.100176
https://doi.org/10.1016/j.phyplu.2021.100176
https://doi.org/10.1155/2022/%204644641

