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ABSTRACT

Enicostema axillare (Lam.) A. Raynal, known as the Indian whitehead, is member of Gentiaceae family and has been used medicinally for
a very long time both in India and around the world. The objective of the present work comprises collection, identification,
macroscopical, microscopical, and phytochemical evaluation and HPTLC fingerprint analysis on Leaves of E. axillare. The surface studies
of the leaf are amphistomatic, with anisocytic stomata and trichome complex absent in both surfaces. The TS of Leaf is slightly flat
adaxially and ribbed on abaxially at midvein, presence of one layered epidermis. Mesophyll is heterogenous, differentiated into palisade
and spongy tissues, and interspersed with sphaerocrystaliferous idioblasts. The ground tissue of the mid vein consists of palisade 1-2
layered and parenchyma 1-3 layered. The midvein consists of a single oval-shaped vascular bundle, at the center. The microscopic and
organoleptic characters of the powder are provided. The phytochemical analysis following hot continuous and successive extraction by
Soxhlet apparatus on various extracts indicates the presence of alkaloids, phenolic glycosides, tannins, steroids and terpenoids
flavonoids, saponins, phytosterols, fixed oils, gums and mucilage’s, etc., It is discovered that the number of spots, and Rf values of HPTLC
are distinct diagnostic features of the plant for identification. The information accumulated through the combination of chemical and
botanical screening could potentially be utilized for establishing pharmacopeial standards as well as creating a standard for the

identification and authentication of E. axillare.
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Introduction

Some traditional healers use secretly declare therapy and rare
remedies. The majority of them may never tell anybody about
this secret, which is why tremendous information and specific
skills often disappear from our world after they pass away. Some
relatively common plants are regarded as weeds until their
medical usefulness is discovered by humans. Until more
research is done, the potency of certain plants is unknown.
Approximately 1100 medicinal plants are used in Indian
medical systems today; they are mostly harvested from their
natural habitats. Many common plants are not included in these
records, even though tribal people sometimes employ them
extensively as traditional remedies or in codified medical
systems. Ayurvedic classics including the Samhitas, Nighantus,
and associated text volumes have listed specific medicinal
plants for therapeutic purposes and counseled doctors to
discover new plant applications from shepherds, cowherds, and
traditional healers to expand their knowledge.

The plants that grow meet all of humanity's requirements,
including those for sustenance, clothing, and a place to live. The
effectiveness of crude medications depends on using authentic
samples, which necessitates plant identification. Studies in
pharmacognosy, focusing on morphological and anatomical
features that aid in the authenticity of crude pharmaceuticals,
areapartofthisfield.[1]. To ensure accurate plantidentification
and to prevent adulterations in the original plant material,
pharmacognostic studies play a crucial role in herbal
technology by providing standardization parameters. With this
data, plantauthenticity can be assured, and the quality of herbal

products can be consistently high, leading to both the safe use of
these items and their continued efficacy [2,3]. Plants with
medicinal properties have a long history of use, and their
abundance of therapeutic substances for the treatment and
prevention of illness is well-known around the globe. [4]. There
are no established criteria for identifying herbs, despite their
centrality to Ayurvedic therapy. Many people turn to botanical
remedies as a treatment for a wide range of illnesses because of
their widespread acceptance, efficacy, affordable prices, and
relative safety [5], approximately 80% percent of the population
in developing nations lives in rural regions and relies on plants
for medicinal purposes. On a global scale, anything from 50,000
to 75,000 plants are utilized in medicinal practices, whether
conventional or alternative. There are still alot of people in more
traditional societies who use herbal treatments for everyday
problems. About 25 percent of today's pharmaceuticals in
industrialized nations include ingredients sourced from plants
traditionally used for medical purposes.[6,7,8].

The term "enicostemma" describes a wreath-like arrangement
of 20 blooms at each node of the stem; the word "en" means
"inside," "icos" means "twenty," and "stemma" means "wreath."
[9,10,11]. Enicostema axillare (Lam.) A. Raynal is a perennial
glabrous medicinal herb of the family Gentianaceae [12,13].
This plant is common in wastelands, along riverbanks, in
grasslands, and on the coastlines of saltwater lakes; it thrives in
extremely acidic environments. Tropics of Southeast Asia,
Malaysia, and Africa (including the Lesser Sunda Islands) are the
original habitats of this plant. Across India, you can find it.

The therapeutic effect of E. axillare in the treatment of humans is
significant. In conventional medicine, E. axillare was utilized for
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curing a variety of illnesses, including type 2 diabetes, leprosy,
problems with the skin, the detrimental effects of malaria, and
more. The low in glucose, antioxidant, hepatoprotective, and
hepatomodulatory effects of the leaf contribute to its weightloss
benefits. [14]. The therapeutic substances extracted from this
plant were highly regarded for their efficacy because of their low
toxicity, lack of adverse effects, pleasant taste, longer shelf life,
and lack of environmental impact. [15].

E. axillare is traditionally used in India as a stomachic, bitter
tonic, carminative to reduce fever [16], and as a tonic for
appetite loss [17], antidiabetic, diastolic blood pressure and
pulse rate [18], anti-inflammatory, anti-malarial,
hepatoprotective, anti-hyperglycemic, hypoglycemic,
antioxidant, antitumor, hypolipidemic and anthelminthic
activities [19,20,21,22] and Antimicrobial [23].

Traditional medicinal uses of Enicostema axillare

In traditional Indian medicine, this plant has several uses,
including for the prevention of liver illnesses, purification of the
blood, and snake bites [24]. Traditional healers along the
western coastline of India utilize a potion made out of its leaves
to treat a variety of medical conditions, including diabetes,
stomach ulcers, hernias, and malaria. [25]. Its leaves are used by
indigenous healers in southern India to cure male infertility.
[26]. Traditional herbal practitioners often employ the full plant
as a means of elimination to alleviate rheumatism, skin
conditions, bruising, and itching. [27,28,29].

MATERIALS AND METHODS

Chemicals

The high-quality analytical chemicals were acquired from
Sigma-Aldrich, India; Thermo Fisher Scientific India Pvt.
Limited; and Hyderabad Rankem laboratory reagent.

Collection and Authentication of Plant Material

In the rainy season months of July and August 2023, healthy,
fresh plant materials were collected for research purposes, from
many different of locations in the Eturnagaram Wildlife
Sanctuary, located in the Mulugu District of Telangana, India, at
latitude 18°20'28 N and longitude 80°19'48 E. The
Eturnagaram Wildlife Sanctuary has year-round heat, with
summers reaching very high temperatures and winters being
"okay-ish." During the summer, the temperature may get as high
as 44°C. The sanctuary is known to be affected by the Northeast
and Southwest monsoons from October to December. The
herbarium specimen had been made and submitted to the
Herbarium, Hyderabadensis Department of Botany, Osmania
University, Hyderabad, Telangana, India. The submitted plant
species was identified and authenticated by the Botanical
Survey of India, Deccan Regional Centre, Hyderabad, Telangana,
with detailed taxonomic study and given the herbarium voucher
number (Voucher Number- BSI/DRC/2023-
24 /ldentification/403).

Drying of Plant Material.

The newly picked leaves were cleaned and then cut into very
small bits using sharp tools. The final measurements of these
partswere 0.5 x 1.5 x1 x0.2 x 3cm. The blotting paper was spread
outinthe shade during the 10 days that they were exposed to air.
The leaves were dried for an hour using hot air in an oven set at
40 °Cbefore the anatomical studies and extraction process could
start.

The newly picked leaves were cleaned and then cut into very
small bits using sharp tools.

Macroscopic evaluation

Observed macroscopic characteristics of a fresh Enicostema
axillare leaf included the characteristics of the lamina, the
presence of the petiole, and the leaf base. Venation, shape,
texture, apex, phyllotaxis, petiole, margin, and surface
distinguish laminae. Other distinguishing characteristics
comprise [30].

Microscopicevaluation

Before the leaves are encased in paraffin wax, they are boiled,
fixed in F.A.A. (Formaldehyde-Acetic Acid-Alcohol), and
dehydrated with a sequence of xylene and alcohol. The leaves
are then encapsulated with paraffin wax. To analyze sections cut
at 10-12 m with an Optica rotating microtome, crystal violet,
and basic fuchsin combination staining was conducted,
followed by Canada balsam mounting. The microscopical
examinations conducted included both quantitative and
qualitative evaluations. The microphotographs were captured
using a digital Sony camera and a trinocular Olympus BX-53
microscope.

Qualitative microscopy

Using a microscope, the surface and cross-section of the leaf
were observed and analyzed in great detail. According to the
method, the segment was stained with a 1:1 mixture of
chloroglucinol and hydrochloric acid. Numerous microscopic
structures were meticulously analyzed and photographed
[31,32,33].

Surface view ofleaf

Before creating epidermal peels, the skin was scratched and
peeled with a razor blade. The peels were then stained with
safranine and suspended in glycerin. After being submerged for
several hours in a 4% sodium hypochlorite solution, the leaflost
all of its chemicals and color as a consequence of the treatment.
The works from [34]. Various aspects of bleached leaves,
including the lamina, midrib, and petiole, were examined in
greatdetail under amicroscope.

Transverse section (T.S.) of Leaf

After submerging the new leaf in water, we randomly divided it
along its midrib to produce cross-sections. Fine sections were
fixed on a glass plate with glycerin in the absence of a staining
agent, and the resulting images were then examined under a
microscope. Two components were used to produce the tissue
section stain: phloroglucinol and concentrated hydrochloric
acid. Trichomes, stomata, and several other distinguishing
characteristics were observed [35,36].

Organoleptic parameters
Parameters like color, odor, and taste were evaluated
organoleptically

Powder microscopy

There was a microscopic examination of desiccated, finely
powdered leaves lignified substances that can be distinguished
from other kinds of substances using a coloring solution
(phloroglucinol and hydrochloric acid, mixed in a 1:1 ratio).
When viewed through a microscope, a minute amount of foliage
that had been reduced to a granular consistency was observed.
After mounting the powder in glycerol with 1-2 drops of
phloroglucinol solution (0.1% w/v) and concentrated
hydrochloricacid, a coverslip was positioned on top.
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Before the material was examined under a microscope, this was
performed. There were indications of trichomes, stomata,
epidermis cells, xylem arteries, fibers, and additional structures.
As a direct result, photomicrographs of the cellular structures
were able to be taken for use in subsequentresearch [37].

Quantitative microscopy

Estimation of the stomatal number and stomatal index

The stomatal number is the average number of stomata present
in the epidermis of a leaf, measured in millimeters squared.
Calculating the stomatal index of a leaf involves dividing the
total number of stomata on the leaf by the total number of
epidermal cells in a particularlocation and expressing the result
as a percentage. The following algorithm will be utilized to
calculate the

stomatal index: SI = (S / S +EP) x100 Where SI represents the
stomatal index, S represents the number of stomata per unit
area, (stomata/ mm’,) EP represents the number of epidermal
cells per unitarea (epidermal cells/ mm®)

"A sample of a leaf was extracted with care to segregate the
upper and lower epidermis sections separately utilizing
tweezers. The piece was then immersed in glycerol on a slide.
Placing the slide on a microscope stage, four identically sized
sections measuring 4 mm2 were marked with black paper to
outline the stomata and epidermal cells using a camera lucida.
The total count of stomata and epidermal cells in each
demarcated area was calculated. The average number of
stomata per square millimeter was computed, and
subsequently, the stomatal index was determined for both
upper and lower epidermis individually following the steps
outlined above." [38].

Estimation of vein termination and vein-islet number

Leaf characteristics such as the ending of veinlets and the
number of vein-islets per square millimeter of leaf surface from
the border to the midrib were examined. To capture this, a
drawing apparatus called a camera lucida and black paper were
set up. A 4 mm square was established at the center of the area.
The veins situated within the square were traced, encompassing
overlapping islets between the square's adjacent sides. The
average counts of vein islets and veinlet endings in the four
neighboring squares were documented. [38].

Estimation of palisade ratio

A portion of a leaf was utilized to examine the presence of
palisade cells beneath each epidermal cell. Subsequently, the
layer of palisade cells under the epidermal cells was outlined
using a camera lucida on drawing paper. Four epidermal cells,
each comprising five groups, were counted from various parts of
the leaf, and the average count was determined as the palisade
ratio.[38].

Determination of width and length of vessels and fibers
Xylem vessels were isolated from other plant structures by
utilizing Schze's maceration solution. This solution was created
by combining an ample amount of potassium chlorate with a
nitricacid solution (50%v/v) and then heating itin a water bath.
A piece of the leaf was immersed in the solution mentioned
above. Potassium chlorate was periodically added to promote
the breakdown and softening of leaf tissues. Subsequently, the
treated leaf tissues were placed on a slide, delicately separated
usinganeedle, and rinsed multiple times with water to

eliminate any remaining acid. The width and length of the
vessels were measured using a calibrated eyepiece micrometer.
The measurements of 50 xylem vessels and fibers were
documented. [39].

Determination of biocrystals of leaf

After treating with bleach, calcium oxate crystals were isolated
and examined under a microscope. The crystals' shapes sizes
were captured in photomicrographs. Various biological
processes play a role in the creation of crystals in leaves, where
they are primarily stored in the cytoplasm and cell vacuoles.
Typically, crystals are made up of calcium salts such as calcium
carbonate and calcium oxalate. As stated by Mazen in 2003,
leaves contain a significant number of prismatic-shaped
intracellular calcium oxalate crystals, with the conclusion that
only aluminum is incorporated into these crystals. [41].

Phytochemical screening

The therapeutic effects of a drug can frequently be attributed to
its secondary metabolites. Alkaloids, flavonoids, saponins,
steroids & terpenoids, phenolic compounds, tannins, glycosides,
coumarins, phytosterols, and resins were found in the
powdered medicine extract when it was analyzed in alab setting
in ether, chloroform, ethyl acetate, and methanol [42,43].

Successive Extraction Using Soxhlet Apparatus

The Soxhlet apparatus was utilized for the successive extraction
process. E. axillare leaf powder weighing 20 grams was placed
inside a Wattmans No. 1 filter paper, inserted into the Soxhlet
thimble, and 200ml (w/v) of solvent was poured into the round
bottom flask (still pot). The extraction of the leaf powder
occurred in a series with hexane at 70°C, chloroform at 61°C,
ethyl acetate at 77°C, and Methanol at 65°C. The extraction
temperatures were adjusted to the boiling points of the solvents
to facilitate a quicker cycling of fresh solvents. Each solvent was
allocated a five-hour duration for the hot continuous and
successive extraction process. After extraction, the extracts
were cooled, and filtered through Whatman No.1 filter paper,
and the extraction followed the order of increasing polarity of
the solvents, starting from hexane to methanol, and then
proceeded for phytochemical screening [44].

Calculation of percentage yield

The dried extracts obtained with each solvent were weighed and
yield was calculated concerning the air-dried weight of the plant
material.

Percentage Yield = Weight of the crude (mg/g)

x100
Weight of the plant material

Screening of Phytochemicals

To detect secondary metabolites, a phytochemical screening
was performed on the leaf samples. The well-established
methods were used for conducting the phytochemical analyses.
Several qualitative investigations have been carried out to
ascertain the presence or absence of functional chemicals.

Detection of Alkaloids

For Mayer's Test to identify alkaloids, samples were dissolved in
adiluted hydrochloric solution and subsequently sieved. Two or
three drops of Mayer's reagent were found to be the sweet spot
fora 2 mlfiltrate.
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Screening of Phytochemicals

To detect secondary metabolites, a phytochemical screening
was performed on the leaf samples. The well-established
methods were used for conducting the phytochemical analyses.
Several qualitative investigations have been carried out to
ascertain the presence or absence of functional chemicals.

Detection of Alkaloids

For Mayer's Test to identify alkaloids, samples were dissolved in
adiluted hydrochloric solution and subsequently sieved. Two or
three drops of Mayer's reagent were found to be the sweet spot
for a 2 mlfiltrate.

Testfor Flavonoids

A small amount of concentrated hydrochloric acid and
magnesium tube turnings were added to the testliquid, and then
it was simmered for five minutes. The mixture will take on a
reddish tintifit contains flavonoids.

Testfor Saponins

A tiny sieve was used to eliminate contaminants after the
powdered substance had been cooked with twenty milliliters of
water at a low temperature for two minutes. The filtrate was
after that mixed with water until it was 5 mL in volume, and then
violently stirred. A clear sign of saponin presence is the
presence of foaming.

Detection of Steroids and Terpenoids

A mixture of 1 mL of extract, 1 mL of chloroform, 2 mL of acetic
anhydride, and 1-2 molecules of concentrated sulfuric acid was
prepared for the Liebermann-Burchardt test. Steroids were
visiblein the liquid due toits dark green color.

Test for Phenolic compounds

The prediction that a pulverized sample will contain phenolic
compounds was confirmed by the following substances. One
solution of ferric chloride (5 percent): An extremely deep shade
of violet-black. b. the white portion of the lead acetate solution
thatis still there.

Test for Tannins

Avery small quantity of the medication powder was dissolved in
water. The water-based extract was supplemented with a small
amount of ferric chloride solution. When tannins are present,
the color turns bluish-black.

Detection of Glycosides
The test solution was made by heating the extract in either
alcohol ora hydroalcoholicsolution.

a) Baljet's test In order to run the test, the mixture was spiked
with a 2% sodium picrate solution. Glycosides were detected by
the pigment's golden orange color.

b) Legal 'stest
The sample was found to contain glycosides when the test
solution was alkalized with pyridine and a color shift from pink
to red was produced by the addition of 2% sodium
nitroprusside.

c) Keller-Killiani test
Prior to mixing, 100 mg of extract they had been mixed with 1
milliliter of ferric chloride solution and 1 drop of glacial acetic

acid. Next, 1 milliliter of concentrated H2 SO4 was added to the
mixture to serve as a basis. When glycosides show up as abrown
band at the interface, it means that the sample contains
glycosides.

Detection of Coumarins

2 ml of water-based extract was diluted, and then 3 ml ofa 10%
NaOH solution was added. Coumarins were likely present due to
the contents' golden color.

Test for Phytosterols

The solution of extract was stirred briskly before strong sulfuric
acid was added and the mixture was put to storage. In the
presence of phytosterols, the chloroform layer at the base of the
solution will turn crimson.

Detection of Quinones

1 ml of crude extract developed a color that indicated the
presence of quinones after being treated with diluted sodium
hydroxide. You may get this shade of red or blue-green.

Detection of Resins

In a saucepan over medium heat, mix 2 ml of extract with 5 to 10
drops of acetic anhydrate. Add 0.5 ml of sulphuric acid. Because
they formed an intense purple color, resins were likely present.

Detection of Cardiac Glycosides

For the Kellar-Kiliani test, two milliliters of clarified butter were
mixed with one milliliter each of ferrous chloride, concentrated
sulfuric acid, and glacial acetic acid. Presumably containing
cardiac glycosides, the solution became an emerald color when
illuminated.

Detection ofleuco anthocyanins

The mixture consisted of an equal quantity of liquid extract and
isoamyl alcohol. The presence of leucoanthocyanins has caused
the top layer to become red.

Detection ofanthraquinone

An ounce of finely powdered plant material was added after the
mixture had been stirred in chloroform for five minutes. Quickly
shaking the mixture before analysis, 5 ml of a was ammonia
solution was added after sifting the contents. The presence of
anthraquinone might be indicated by the vivid pink color of the
sample'saqueouslayer.

Detection of fixed oils

Atiny sample is compressed between two filter sheets to extract
the active ingredient. The presence of fixed oils can be detected
by looking for telltale signs, including oil residue on paper.

High-Performance Thin Layer Chromatography (HPTLC)
analysis

An aluminum silica gel plate 60 F254 (5 x 10 cm with 0.25 mm
thickness; Merck, Darmstadt, Germany) was coated with the
concentrated methanolic extract using a 25uL syringe.
Methanol was used for washing the plates prior they were used.
The next thing to do was to insert the mobile phase into the TLC
development chamber using filter paper. The solution samples
and reference solutions were administered in bands with a
width of 6 mm and a spacing of 10 mm using an automatic
operation TLC Sampler 4 applicator (CAMAG, Muttenz,
Switzerland, supplied by Anchrom Technologists, Mumbai) that
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was fitted with a 25-pL. Hamilton syringe with nitrogen flow. The
flow velocity was kept constant at 15 microliters per second,
while the spacing between bands remained at 20 millimeters
per second. The slit size was maintained at 4 x 0.20 mm and the
scanning speed was 20 mm/sec. A saturated Toluene mixture
made up the mobile phase. Ethyl acetate, methanol, acetic acid,
chloroform, and methanol (7:3 v/v) served as the mobile phase
in the chromatography that separated the phytoconstituents.
The optimal chamber saturation period was 20 minutes at room
temperature, and the chromatographic run length was 8.5 cm.
Following development, the TLC plates were air-dried in a
vented wooden room using a hot air dryer. The CAMAG TLC
Scanner Il was used to conduct densitometric scanning at three
different wavelengths: 254 nm and 366 nm, with a slit size of 4 x
0.20 mm and a scanning speed of 20 mm/sec. The WinCATS
programme (version 1.4.3). CAMAG) ran all the instruments
that used the intensity of diffusely reflected light to determine
the chromatographed compounds. An illuminator, Reprostar 3,
and digital camera Power Shot G2 (Canon, Tokyo, Japan) were
used for photographic evidence within the Digi Store 2 system
(CAMAG). The radiation source, a deuterium lamp, emitted a UV
spectrum within 200-400 nm. [45,46].

Observations and results
Plant profile [47-48].

Table:1. Taxonomic classification of Enicostema axillare
(Lam.) A. Raynal

Kingdom Plantae

Phylum Tracheophyta
Class Magnoliopsida
Order Gentianales
Family Gentianaceae
Genus Enicostema
Species Enicostema axillare

Vernacular names: English: Indian Whitehead Hindi: Chota-
chirayata, Chota-kirayat; Kannad: Karibandita, Sogade;
Malayalam: Vellaragu, Vallari; Marathi: Kudavinayi; Tamil:
Vellaragu, Vallari; Telugu: Nela-guli, Nela-gulimidi

Local name: Nela guridi.

Macroscopic evaluation of the leaf

Erectherb to 40 - 50 cm, stem 4 - angular; tender parts glaucous.
Leaves lanceolate- oblong, 3-4.5 x 0.5-1 cm., base cuneate, apex
acute; petiole to 0.5 cm. Flowers 5. merous, in axillary, sessile,
ebracteate fascicles. Calyx cupular, lobes 5, oblong, unequal,
herbaceous, acute, recurved with age. Corolla white, 2 mm,,
across, salver form; lobes 5, equal, twisted, 7 mm., obtuse.
Stamens 5, all equal and fertile, included; filaments 1.2 mm,,
with 2-fid scales at base; anthers 1.2 mm., apiculate, dehiscence
longitudinal. Ovary globose, 1.5 x 1 mm., 1- locular; bifurcate
placentae, styles 1.2 mm; stigma capitate or obscurely 2-lobed.
Capsule 3.5 x 3 mm., septicidally 2 - valved; seeds circular,
minute, reticulate (Figl&2A-E)

Dist: It is found throughout the greater parts of India; abundant
in wastelands, follow fields, river banks, etc.

Ethnomedicinal uses in the present investigation: To
prevent the formation of pus in wounds, a mixture of the leaf
paste and ghee is administered. Fractures in cow bones can also
be treated with this.

e

Fig:1. Macroscopicimages of leaf

Fig: 2A. Macroscopic examination ofleaves

Microscopic evaluation of the leaf (Surface View)

Leaf - Adaxial surface:

LEAF LAMINA ADAXIAL

Epidermal cell complex: The epidermal cells have 5 to 7 sides,
are primarily polygonal anisodiametric with a few isodiametric,
have significantly thicker sides, are striated on the surface, and
have few straight to curved strands.

Dist: Common, everywhere except on veins; unevenly
distributed; E.C.F. 950 per sq. mm.(Fig 3A-B).

Costal cells: 5-7 sided, polygonal anisodiametric to linear, few
isodiametric, oval to spherical at margins, the sides are thickand
predominantly curved to wavy, with a few straight to curve. The
surface is striated, and the contents are slightly packed with
starch granules.
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Dist: On primary, secondary veins and at margins, irregularly
arranged, parallelly oriented

Stomatal complex: Anisocytic, subsidiaries 3, monocyclic,
indistinct, mostly f-type, few a-type, guard cells reniform,
contents slightly dense Dist: Common, all over rarely on veins.
The Stomatal frequency (S.F). 258 per sq.mm, stomatal index
(S.).24.51

Trichome complex: Trichomes absent

LEAF LAMINA ABAXIAL

Epidermal cell complex: Epidermal cells according to
description on the adaxial lamina, except wavy to sinuate sides
and thick crystals of different formsinside. E.C.F. 725 per sq.mm.
(Fig3C-D).

Costal cells: As stated on laniina adaxial, except crystal-rich
components.

Stomatal complex: As described on lamina adaxial. The
Stomatal frequency (S.F). 240 per sq.mm., stomatal index (S.I).
22.06.

Trichome complex: Trichomes absent

Fig: 3A. Leaf adaxial surfaceX634; 3B. Leaf adaxial surface
with costal cells X450

3C. Leaf abaxial surface with striations X425; 3D. Leaf
abaxial surface with costal cells X226

Transverse Section of leaf:

T.S. OF LEAF: Slightly flat adaxially and ribbed on abaxial at
midvein, secondary and tertiary veins not ribbed Lamina wings
270-421(359) um and midvein 486-605 (543) pumin thickness

EPIDERMIS: One layered, cells mostly barrel shaped, few
tabular, oval and circular elongated cells about 3568 (47) pm
long. 2441 (31) pum wide and isodiametric cells 22-44 (32) um in
diameter adaxially, while smaller about 25-69 (43) um long and
20-41 (27) um wide and isodiametric cells 27 49 (34) pm in
diameter on lamina abaxial, cells over on midvein adaxial
similar as found on lamina adaxial, while abaxial cells smaller,
polygonal to spherical, 1638 (26) um in diameter contents

scanty margins pointed, obtuse, as those on midvein abaxial,
achlorophyllous, cuticle slightly thick over the surface on
adaxial.

Stomata: Amphistomatic, flushed with epidermal cells
Trichomes: Absent (Fig4A-C).

MESOPHYLL: Heterogenous, differentiated into palisade and
spongy tissues

Palisade: Adaxial. 1-2 layered, occasionally 3 layered at some
places, throughout. extended into midvein, cells columnar,
cylindrical and oblong perpendicular to the epidermis, cells
about 33- 55 (45) um long and 16 -33 (24) um wide, often
interspersed with sphaerocrystalliferous idioblasts,
intercellular spaces narrow, contents slightly dense,
chloroplasts abundant

Spongy tissue: 3-5 celled thick, abaxial, cells mostly circular,
oval and dumbbell shaped, about cells closely packed with few
intercellular spaces, cells interspersed with
sphaerocrystalliferous idioblasts, contents slightly dense with
chloroplasts (Fig4A-C).

GROUND TISSUE: Of midvein heterogeneous, differentiated
into palisade and parenchyma tissues.

Palisade: 1-2 layered, occasionally 3 layered on midvein adaxial
cellsas described onlamina mesophyll

Parenchyma: Parenchyma cells 1-3 layered, beneath the
adaxial palisade and 6-8 layered on the abaxial, cells mostly
polygonal, few oval to circular, about 21-44 (31) um in diameter,
walls thin, intercellular spaces narrow, few, contents scanty,
dense with plastids.

VASCULAR TISSUE: The midvein is made up of a single oval-
shaped vascular bundle that is about 130-205 (163) pum in
diameter in the centre; several small-medium sized,
oval-circular, pericyclic bundles that are enclosed by an
endodermis; tracheary elements that are 30-40 in number,
arranged in radial rows, polygonal, thick-walled, and about
11-22 (16) um in diameter in the middle; secondary wall
thickenings of tracheary elements that are mostly helical,
bordered pitted and scalariform; helices that are double or
single, rarely annular; perforation plate simple; Phloem is
primarily composed of companion cells and a small number of
sieve tubes. Phloem parenchyma cells are compactly arranged
and lack intercellular spaces. Walls are thin and contents are
scant, with a few cells having slightly dense contents. Xylem
parenchymaislocated between tracheary elements. (Fig 4A-C).
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i

Fig:4 A.TS. of leaf midvein X180; 4B.TS. of leaf lamina X 158;
4C.TS. ofleafmargin X138

Powder Microscopy of E. axillare

The powder is composed of up of ground tissue fragments
densely packed with ca-oxalate crystals, tracheary elements
with helical thickenings, costal cells with a striated surface, and
epidermis fragments with underlying mesophyll. The epidermis
fragments exhibit curved to wavy sides and stomata (Fig5A-F).

Organolepticcharacters

~ W

Fig: 5A-Leaf epidermis with stomata X 146; 5B- Tracheary
elements with helical thickenings X 130; 5C- Stomata X 186;
5D-Costal cells X 78; 5E-Ca-oxalate crystals X60; 5F-
EpidermisX215.

Colour - Lightbrown; Touch - Slightly coarse; Odour - Pungent; Taste - Very bitter.

Quantitative microscopy

The various parameters evaluated for leaf surface constants were observed like stomatal number (upper and lower), stomatal index
(upper and lower), E.C.F, (upper and lower), Spongy parenchyma, palisade ratio, vascular bundles tracheary elements. The results

are shown in Table-2

Table-2: Quantitative microscopicdata

Thickness of lamina

270-421 (359) pm.

Thickness of midvein

S.no Parameters Results
1. Epidermal cell frequency (E.C.F adaxial) 950 per sq. mm.
2 Stomatal index (S.I. adaxial) 24.51
3 Stomatal frequency (S.F. adaxial) 258 per sq.mm,,
4. Epidermal cell frequency (E.C.F abaxial) 725 per sq.mm.
5. Stomatal index (S.I. abaxial) 240 per sq.mm.,
6 Stomatal frequency (S.F. abaxial) 22.06.
7
8

486-605 (543) um.

9. Palisade cells

33- 55 (45) pm long and & 16 -33 (24) um wide.
10. Spongy parenchyma 16-33 (25) pm in diameter.
11. Palisade 33- 55 (45) pm long and & 16 -33 (24) um wide.
12. Parenchyma (abaxial) 21-44 (31) pm in diameter.
13. Vascular bundle 130-205 (163) um in diameter.
14. Tracheary elements 11-22 (16) pm in diameter.

Qualitative Phytochemical Screening

The secondary metabolites in phytochemicals are created to protect plants, but they also have medicinal properties that can help
with alot of human illnesses. Because of this, a lot of study is focused on them. A phytochemical investigation has been carried out on
the E. axillare leaf extracts to find out the secondary metabolites. We checked extracts in the presence of hexane, ethyl acetate,
chloroform, and methanol for alkaloids, flavonoids, saponins, steroids and terpenoids, tannins, glycosides, coumarins, phytosterols,
quinones, anthraquinones, cardiac glycosides, leuco anthocyanins, fixed oils, and resins.

Theleaf of the E. axillare plant was found to have several different phytochemical classifications, according to the qualitative analysis.
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We can compare the solvents used in the extraction process using the findings that are given (Table 3 and Fig6).

The phytochemical analysis indicated that alkaloids were exclusively found in the methanol extract, whereas flavonoids, steroids &
terpenoids were detected in all extracts except for hexane. Saponins and leucoanthocyanins were confirmed exclusively in the
methanol extract, while phenols, tannins, and resins were only present in the ethyl acetate extract. Glycosides were found in both the
chloroform and methanol extracts, while coumarins were identified in both the ethyl acetate and methanol extracts. Hexane and
ethyl acetate extracts were found to have phytosterols, while chloroform and ethyl acetate extracts were found to contain quinones.
Cardiac glycosides were discovered in all the extracts except for the methanol extract. Anthraquinones and fixed oils were seen in the
hexane and chloroform extracts (Fig & table). The crude extracts were produced using several solvents, resulting in diverse
percentage yields: hexane (10.6% yield), chloroform (14.16% yield), ethyl acetate (34.2% yield), and methanol (28.5%yield).

Fig.6: Phytochemical extractions with different solvents

Table-3: Phytochemical analysis of E. axillare

S.No Phyto. Name Pet. ether Chloroform Ethyl acetate Methanol
1 Alkaloids - - ++ 4+
2 Flavonoids - + +++ +
3 Saponins - - 5 4+
4 Steroids & Terpenoids - ++ +++ +++
5 Phenols - - +++ -
6 Tannins - - +++ -
7 Glycosides - +++ = 4+
8 Coumarins - ++ 4+
9 Phytosterols ++ 5 +++ R
10 Quinones - ++ ++ -
11 Resins - - +++ -
12 Cardiac Glycosides ++ ++ +4++ -
13 Leuco anthocyanins - - 5 ++
14 Anthraquinones ++ ++ = -
15 Fixed oils ++ ++ . R
“+”=present; “-"=absent

The fingerprinting profile of E. axillare using HPTLC techniques.

A reliable method for rapidly assessing the botanical and plant raw material quality is of the utmost importance. Modern high-
performance thin-layer chromatography (HPTLC) instruments allow for the collection of fingerprints useful for identifying and
analyzing composition.

The extract was analyzed using the CAMAG HPTLC system for HPTLC fingerprint analysis. After that, it was scanned at 365 and 254
nm using the CAMAG Scanner 3 and WinCATS 4 software.

The chromatographic separation profile of the methanol extract extracted from E. axillare leaves, scanned at 254 nm, shows six spots
(Fig.7), of which spots 6 and 5 have a maximal composition with Rfat 0.97 and 0.94, respectively. Instead, a densitogram scanned at
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366 nm, on the other hand, revealed seven spots, the seventh
and second spot, of which had maximum composition at Rf 0.94
and 0.24, respectively (Fig. 9). These are characteristics of the
drug under-examined, as the data abundantly shows, and they
will be helpful in the leaf the field of medicine identification and
authentication. These standards in pharmacopeia can be
considered extremely valuable. At 254nm, six spots with
varying concentrations can be seen at Rf 0.14, 0.22, 0.64, 0.83,
0.94, and 0.97 (all brown) (Fig. 8). Meanwhile, 366 nm, seven
spots with varying concentrations can be seen at Rf, 0.15
(yellow), 0.24 (yellow), 0.50 (blue), 0.57 (yellow), 0.82 (blue),
0.87 (blue), and 0.94 (yellow) (Fig. 10). To guarantee the
consistency and dependability of the medication, this
fingerprint parameter is essential.
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Fig. 7: HPTLC densitogram of methanolic extract of E. axillare
scanned at 254 nm by using chloroform: methanol (7: 3v/v)

Fig.8: High performance thin layer chromatography image
of E. axillare at 254 nmin chloroform: methanol (7: 3v/v)
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Fig.9: HPTLC densitogram of methanolic extract of E. axillare
scanned at 366 nm by using chloroform: methanol (7: 3v/v)

Fig.10: High performance thin layer chromatography image
of E. axillare at36 6 nm in chloroform: methanol (7: 3v/v)

Discussions

Enicostema axillare (Lam.) A. Raynal is a perennial glabrous
medicinal herb of the family Gentianaceae [12,13 47,48] .E.
axillare is traditionally used in India as a stomachic, bitter tonic,
carminative to reduce fever [16], and as a tonic for appetite loss
[49]. E. axillare is used in Indian ayurveda medicine in
combination with other herbs, particularly for diabetes. To treat
type 2 diabetes, it is given as an ayurveda pill since it
dramatically improves renal function, lipid profile, systolic and
diastolicblood pressure, pulse rate, and blood glucose control. It
also boosts serum insulin levels [18]. E. axillare has
demonstrated its anti-inflammatory activity, and tumour
inhibitioninrats [28, 50].

Leafepidermis

Epidermal cell complex: A review of literature in the species
reveals that there is no mention of the number of sides and
shape of the epidermal cells. Presently the cells are 5-7 sided,
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mostly polygonal anisodiametric and few isodiametric. The
anticlinal walls are reported as thick [51], which is presently
confirmed. Further, the sides have been reported as sinuous
[52], and wavy [53, 48]. But presently they are curved to wavy
and wavy to sinuate and confirming earlier observations

The epidermal cell surface was reported as papillate [48],
striated [51,53,19,54], but not papillate [48]. The contents of the
epidermal cells are scanty on the leaf adaxial, but they are dense
with crystals of calcium oxalate towards abaxial and are
reported new. The epidermal cell frequency is higher on leaf
adaxial 950 per sq. mm, while lower towards abaxial 725 per sq.
mm in contrastto the earlier observations [48].

The features of the costal cells were not reported in the earlier
studies. Presently they are 5-7-sided, polygonal anisodiametric,
linear and few isodiametric. Sides are thick, curved to wavy, and
striated surface. Further, the costal cells are dense with starch
grains and crystals of various shapes towards the abaxial side.

Stomatal complex: The stomata occur on either side of the leaf
and confirm the earlier studies [51,55, 53, 48,]. As regards the
type of stomata they have been reported as anisocytic [55,
48,19,54], anomocytic or anisocytic [52], anomocytic to
anisocytic[53]. But presently they are found exclusively
anisocytic with subsidiaries striated and mostly of f-type and
few a-type. Further in frequency, they are 246 per sq.mm., on the
adaxial and 260 per sq.mm., on abaxial, while Stomatal Index is
2151 ontheadaxialand 27.08 on the abaxial

Trichome complex: The trichomes of simple unicellular and
sessile glandulam trichomes with 2- celled head have been
reported in the species [53], but presently they are absent
confirming the observations in earlier literature[51,53,48,54]

Leaf anatomy: The leaf has been reported isobilateral [51, 55,
48], less distinct in differentiation of the palisade and spongy
[48, 54]. Presently, the leafis found heterogenous, differentiated
into palisade and spongy tissues through not markedly as also
observed earlier [48,19, 54]. The palisade is 1-2 layered and
occasionally 3- layered, throughout the leaf and extending into
midvein. The cells are cylindrical and oblong and measure 35-55
um long and 16-33 um wide. The mesophyll consists of 5-6 rows
of spongy parenchyma containing dense chloroplasts [53].
Mesophyll consists of horizontally elongated polygonal cells in
Enicostema [55,60], the leaf mesophyll tissue is reported to
contain druses or sphaerocrystals and mostly restricted to
palisade zone [48,54]. Presently the palisade and spongy tissues
are often interspersed with sphaerocrystalliferous idioblasts
besides dense chloroplasts. Further, the spongy tissue is 3-5
celled thick towards abaxial with circular, dumbbell, oval
shaped cellsabout 16-33 pmin diameter

The shape of the leafin T.S. at midvein was reported as flat on the
upper side and convexly projected on the lower side[53],
prominently bulged abaxially[48], which is presently confirmed
and the midvein is 486-605 um thick. Further, the secondary &
tertiary veins are not ribbed. The lamina wings are 270-421 um
thick. The epidermal cells of lamina are single layered [53,54]
which is also presently confirmed Further the epidermal cells
were reported to wide and cylindrical with prominent cuticle
[54]. Presently they are mostly barrel-shaped, a few tabular,
oval, and circular, and larger towards adaxial as also reported
earlier [53]. The contents of epidermal cells are scanty, but few
isolated crystals occurin cells of the lower epidermis.

Ground tissue of midvein is reported to possess
collenchymatous tissue [48]; cells of the parenchymatous tissue
[53], homogenous and parenchymatous [54]. But presently
ground tissue is heterogenous, in contrast to the earlier
observation [53,48, 54], and differentiated into hypodermal
palisade towards adaxial and the rest parenchymatous. A 1-2
layered and occasionally 3-layered palisade distinctly extends
into the midvein and forms a hypodermal layer. The
parenchymatous tissue which is predominant occupies, the rest
of the ground tissue at midvein with 1-3 layered beneath the
adaxial epidermis and 6-8 layered on the abaxial side enclosing
the central vascular bundle. The central vascular bundle is
reported as collateral with phloem surrounding the xylem [48];
Meri stele with central radiating xylem, phloem on its either
side. Presently midvein vascular bundle is single, oval-shaped at
the center, about 130-205 um in diameter, conjoint, collateral,
endarch, enclosed by endodermis. The xylem at the center, with
tracheary elements, arranged in radial rows. The secondary wall
thickenings are mostly helical, bordered pitted, scalariform, and
rarely annular. Phloem is compactly arranged and encloses the
xylem towards the abaxial. The wing bundles are several, oval to
circular, collateral, endarch, and enclosed by an endodermis.

An analysis of the available literature indicates that the first
phytochemical test used extracts from the E. axillare plant.
Extracts from plants are shown to contain tannins, glycosides,
alkaloids, and flavonoids. [56, 57]. A novel flavone C-glucoside
called Verticilliside was reported along with the presence of
catechins, saponins, steroids, sapogenin, triterpenoids,
flavonoids, and xanthones. [58]. According to [59], A significant
component of many traditional remedies sold in Japan is
swertiamarin, a secoiridoid glucoside that was first identified
from the leaves of E. axillare. The Soxhlet extraction method was
utilized in the current investigation to conduct a qualitative
phytochemical analysis. Alkaloids, flavonoids, saponins,
terpenoids, steroids, quinones, anthraquinones, cardiac
glycosides, leuco anthocyanins, fixed oils, and resins were
among the phytochemicals discovered to be present. The crude
extracts were produced using a variety of solvents. The hexane
solvent yielded the lowest percentage yield (10.6% yield),
whereas the ethyl acetate solvent provided the highest
percentage yield (34.2% yield). A high-performance thin-layer
chromatography (HPTLC) finger print examination was
performed on the methanolic extract of E. axillare leaves. The
results showed that there were six spots at 254 nm, spot five (Rf
0.97) with a maximum concentration of 39.04 percent, and
seven spots at 366 nm, spot seven (Rf 0.94) with a maximum
concentration of 39.45 percent. When it comes to the
identification of the plant, these patches have the ability to actas
biomarkers and fingerprint parameters.

Conclusions

The identification of this species and its reinforcement of quality
control evaluations can be provided by the morphological,
microanatomical, and powder microscopic characteristics.
Several features might be witnessed, including glaucous
portions, 5-7-sided, curved to wavy epidermal cells with
striated surfaces; the lack of trichomes; the presence of calcium
oxalate crystals; and the absence of collenchyma. A powerful
tool for determining the identity of distinct secondary
metabolites in plants is HPTLC fingerprinting. This approach is
simple, cheap, renewable, and linear; it can identify plant
species with ease. Additional applications include the
standardization, characterization, and verification of
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medicinally important plants. With high-performance thin-
layer chromatography (HPTLC), different groups of secondary
metabolites from the same or different plants may be profiled by
using solvent systems with varying polarities. The findings
show that the ethanolic extracts of E. axillare plant material
include secondary metabolites such alkaloids, tannin, saponins,
flavonoids, and more. Additionally, a unique technique for
HPTLC analysis is offered. Health maintenance and chronic
degenerative illnesses may both benefit from the essence of
secondary metabolites. The results of HPTLC studies may be
useful for writing a monograph on the E. axillare plant.

Acknowledgement
The facilities were provided by Prof. B. Ramadevi, Head of the
Botany Department, Osmania University, Hyderabad, for which
the authors are grateful. The HPTLC analytical capabilities were
provided by Anchrom Enterprises, Mumbai, for which the
authorsare grateful.

References

1. Shahina PM, Nampy S. (2014). Biosystematics Studies on
Enicostemma axillare (Lam.) A. Raynal subsp. axillare
(Gentianaceae) in Peninsular India. Pakistan ] Biol Sci 17:
696-702.

2. Kanchan Sandeep Dhawle, Umesh Pravin Dhuldhaj, Ramjan
Mahamuddin Mulani. ( 2021). Asian Journal of
Ethnobiology. Volume 4, Number 1. Pages: 23-30. DOI:
10.13057/asianjethnobiol /y040102.

3. Chaudhari, G.M., & Mahajan, R.T. (2015). Comprehensive
study on pharmacognostic, physico and phytochemical
evaluation of Terminalia arjuna Roxb. stem bark. Journal of
Pharmacognosy and Phytochemistry, 4, 186-193.

4. Mathew L, Babu S. (2011). Phytotherapy in India:
Transition of tradition to technology. Curr Bot 2 (5): 26-30.

5. Jouad H, Haloui M, Rhiouani H, El Hilaly ], Eddouks M.
(2001). Ethnobotanical survey of medicinal plants used for
the treatment of diabetes, cardiac and renal diseases in the
North centre region of Morocco (Fez-Boulemane). Journal
of Ethnophar macology.;77(2):175-82

6. Giiler, O. Polat, R. Karakése, M. Cakilcioglu, U. Akbulut. S.
(2021). An ethnoveterinary study on plants used for the
treatment of livestock diseases in the province of Giresun
(Turkey).S. Afr.]. Bot., 142, pp. 53-62

7. Giines, S. Savran, A. Paksoy, M.Y. Cakilcioglu. U. (2018).
Survey of wild food plants for human consumption in
Karaisali (Adana-Turkey). Indian ]. Traditional Knowl., 17
(2),pp-290-298.

8. Sen, G. Akbulut, S. Karakdse M. (2022).
Ethnopharmacological study of medicinal plants in
Kastamonu province (Tiirkiye)Open Chem., 20 (1pp. 873-
911.

9. Shakya AK. (2016). Medicinal Plants: Future source of new
drugs. Intl] Herbal Med 4 (4): 59-64.

10. Upreti K, Semwal A, Upadhyaya K, Masiwal M. 2013.
Pharmacognostical and Phytochemical screening of Leaf
Extract of Zanthoxylum armatum DC. Intl ] Herbal Med 1
(1):6-11.

11. Sanmugarajah V, Thabrew I, Sivapalan SR. (2013). Phyto,
physicochemical standardization of medicinal plant
Enicostemma littorale, Blume. IOSR ] Pharmacy 3 (2): 52-
58.

12. Abirami, P. Gomathinayagam, M Panneerselvam R. (2012),
Preliminary study on the antimicrobial activity of
Enicostemma littorale using different solventsAsian Pac. .
Trop.Med., 5 (7) pp. 552-555.

13. Ahamad, J. Ali Alkefai, N.H. Amin, S. Mir S.R. (2020).
Standardized extract from Enicostemma littorale
ameliorates post-prandial hyperglycaemia in normal and
diabeticrats]. Biol. Act. Prod. Nat., 10 (1) pp. 34-43

14. Gite VN, Pokharkar RD, Chopade VV, Takate SB. (2010).
Hepatoprotective activity of Enicostemma axillare in
paracetamol induced hepatotoxicity in albino rats. Int |
Pharlife Sci; 1(2): 50-53.

15. Murali B, Upadhyaya UM, Goyal RK. (2002). Effect of
chronic treatment with Enicostemma littorale in non-
insulin dependent diabetic rats. ] Ethnopharmacol; 81:
199-204.

16. Sankaranarayanan S, Bama P, Ramachandran ],
Kalaichelvan PT, Deccaraman M, Vijayalakshimi M, et al.
(2010). Ethnobotanical study of medicinal plants used by
traditional users in Villupuram district of Tamil Nadu,
India.] Med Plants Res; 4(12):1089-1101.

17. Garad MC, Upadhya MA, Kokare DM, Itankar PR. (2012).
Aerial parts of Enicostemma littorale Blume serve as
antipyretic and antacid: in vivo and in vitro evaluations.
Pharmacogn Commun; 2(3):42 45.

18. Upadhyay UM, Goyal RK. (2004). Efficacy of E. littorale in
type 2 diabetic patients. Phyto Res; 18: 233-235.

19. Rajamani S, Thirunavukkarasu T, Munisami H,
Ranganathan B, Ernest D. (2013). Pharmacognosy of
Enicostemma littorale: A review, Asian Pac ] Trop Biomed;
3(1): 79-84. http://dx.doi.org/ 10.1016/S2221-
1691(13)60028-3.

20. Abirami P and Gomathinayagam M.A. (2011). Review on
Enicostemma littorale, Pharmacologyonline Newsletter; 1:
75-83.

21. Sekar BH, Deepika B, Manjubharathi N, Alamelu M,
Chandran M. (2011). Phytochemical screening of different
parts of plant Enicostemma axillare (Family -
Gentianaceae), RJPBCS; 2(3):971-974.

22. Sharada LD, Khadabadi SS, Bhangure L and Ghorpade DS.
(2008). In-vitroantimicrobial studies on Enicostemma
axillare (Lam.) Leaves, Natural Product Radiance; 7(5):
409-412.

11.

© 2023 Plant Science Archives. All Rights Reserved.



P. Nampelli et al,, / Plant Science Archives (2023)

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Tanna S, Shukla V], Prajapati PK. (2010). Physico-
phytochemical evaluation of aqueous extract of Mamajjaka
Enicostemma littorale. Int] Pharm Bio Arch; 1(3):309-312.

Sasidharan, P, & Jayachitra, A. (2017). Direct shoot bud
regeneration from shoot tip explants of Enicostema
axillare: an important medicinal plant. Agroforestry
Systems,91,471-477.

Roy,S.P. Niranjan, Jyothi, T.M. Shankrayya, M.M. K.M.
Vishawanath, Prabhu, K Gouda, V.A. Setty. R. S. (2010).
Antiulcer and anti-inflammatory activity of aerial parts
Enicostemma littorale Blume ]. Young Pharm., 2 (4) , pp.
369-373.

Dhanapal, R. Ratna, ].V. Gupta, M. Sarathchandran, I. (2012).
Preliminary study on antifertility activity of Enicostemma
axillare leaves and Urena lobata root used in Indian
traditional folk medicine.Asian Pac. . Trop. Med., 5 (8), pp.
616-622.

Gite, V.N. Pokharkar, R.D. Chopade, V.V. Takate S.B. (2010).
Evaluation of physicochemical standardization parameter
of Enicostemma axillare ]. Biosci., 1 (4) pp.- 187-190.

Leelaprakash, G. Dass, S.M. (2011). Invitro anti-
inflammatory activity of methanol extract of Enicostemma
axillare.Int.].Drug Dev. Res., 3 (3), pp. 189-196.

Saranya, R. Thirumalai, T. Hemalatha, M. Balaji, R. David.
(2013). Pharmacognosy of Enicostemma littorale: a review
Asian Pac.]. Trop. Biomed., 3 (1), pp. 79-84.

Ngomuo M, Stoilova T, Feyissa T, Ndakidemi PA. (2017).
Characterization of morphological diversity of jute mallow
(Corchorus spp. ) . IntJAgron.:1-12
.d0i:10.1155/2017/6460498.

Pandya DJ, Desai TR, Nadpara NP, Mehta HA, Modi AM.
(2010). Pharmacognostic study and establishment of
quality parameters of leaves of Bombax insigne Linn. Int ]
Pharmacogn Phytochem Res.;2(3):1-5.

Kokate CK. (2005). Practical pharmacognosy. New Delhi:
Vallabh Prakashan.

Ali, M (2008). Textbook of pharmacognosy. New Delhi: CBS
Publishers and Distributors. Al-snafi A. E. (2016). The
Constituents and Pharmacology of Corchorus aestuans-A
Review. Pharm. Chem.].3:208-214.

McVeigh L. A. (1935). simple method for bleaching leaves.
Stain Technol. ;10(1): 33-4.doi:
10.3109/10520293509116004.

Gokhale SB, Kokate CK. (2008). Practical pharmacognosy.
12th ed. Pune: Nirali Prakashan.

Khandelwal KR. (2007). Practical pharmacognosy. 18th ed.
Pune: Nirali publication.

37.

38.

39.

40.

41.

42,

43,

44,

45.

46.

47.

48.

49,

50.

Thitikornpong W, Phadungcharoen T, Sukrong S. (2011).
Pharmacognostic evaluations of Lagerstroemiaspeciosa
leaves.] Med Plants Res. 5(8):1330-7.

Khan SA, Ibrar M, Barkatullah. (2016). Pharmacognostic
evaluation of the leaf of Rhus succedanea var. Himalaica. J.
D.Hooker. Afr ] Tradit Complement Altern Med.;13(6):107-
20.

Karuppaiyan R, Nandini K. (2006). Techniques in
Physiology, Anatomy, Cytology and Histochemistry of
Plants, Publisher- Kerala Agricultural University,
Vellanikkara, Thrissur, 1sted. Vol. 28.

Cuéllar-Cruz M, Pérez KS, Mendoza ME, Moreno A. (2020).
Biocrystals in plants: A short review on biomineralization
processes and the role of phototropins into the uptake of
calcium. Crystals.;10(7):1-23. doi:
10.3390/cryst10070591.

Mazen AMA, Zhang D, Franceschi VR. (2003). Calcium
oxalate formation in Lemma minor: physiological and
ultrastructural aspects of high-capacity calcium
sequestration. New Phytol.;161(2):435-48. doi:
10.1111/j.1469-8137.2004.00923.x, PMID 33873511.

Harborne ]B. (1984). Phytochemical methods: A guide to
modern techniques of plant analysis. London: Chapman
and Hall Ltd.

Khandelwal KR. (2002). Practical pharmacognosy-
techniques, and experiments. Pune: Nirali Prakashan

Raman, N. (2006). Phytochemical Techniques. New India
publishing Agency, New Delhi.

Singh, S., Mishra, S.B., Mukerjee, A. (2021). HPTLC
Fingerprinting Analysis of Phytoconstituents from
Indigenous Medicinal Plants. In: Mandal, S.C., Chakraborty,
R, Sen, S. (eds) Evidence Based Validation of Traditional
Medicines. Springer, Singapore.
https://doi.org/10.1007/978-981-15-8127-4_17.

Balkrishna, Acharya. (2023). Chemical Fingerprints of
Medicinal Plants - HPTLC Profiling.
10.2174/97898151964121230101

Matthew, K.M., (1983). The Flora of the Tamilnadu
Carnatic,Part.11,1405.

Anon,, (2011). Reviews on Indian Medicinal Plants, ICMR,
New Delhi, vol.10.254&458.

Garad MC, Upadhya MA, Kokare DM, Itankar PR. (2012).
Aerial parts of Enicostemma littorale Blume serve as
antipyretic and antacid: in vivo and in vitro evaluations.
Pharmacogn Commun.;2(3):42-45.

Laxman S, Bala P, Kachwala Y, Nancy P. (2010).
Pharmacological standardization of Enicostemma littorale
Blume. Pharmacogn].;2(16):12-20.

12.

© 2023 Plant Science Archives. All Rights Reserved.



P. Nampelli et al,, / Plant Science Archives (2023)

51.

528

53.

54.

55.

56.

Sayeedud-din M, (1947). Some common Indian herbs with
notes on their anatomical charactrs.
Jour.Bom.Nat.Hist.Soc.,vol.46(4)655-657.

Pant, D.D. and Kidwai PF, (1968). Ontogeny of stomata in
some Gentianaceae.Bot.].Linn.Soc., 62:71-76.

Anon., (2005). Quality Standards of Indian Medicinal
Plants, New Delhi, vol.3.203&211.

Praveena P. Sudarsanam D, Ambrose, ].M. and Jayaram,
(2015). Phytochemical and pharmacognostic value of
Enicostemma axillare, 6(4):795-800.

Metcalfe, C.R. and Chalk L. (1950). Anatomy of the
Dicotyledons, vol.1&Il, Clarendon press, Oxford.

Zaheer Zahid, Deshpande Sagar D., Paithankar Aniruddha
P., Khan Subur, Rana Z. Ahmed.2011. (2011).
Phytochemical Screening of Plant of Enicostemma Axillare.
[JRAP, 2 (1)175-176.

57.

58.

59.

60.

Bhawna, Sumit Nathani, Padmalochan Naik. (2023).
Qualitative Phytochemical Analysis of Mamajjaka
(Enicostemma Littorale Blume). AYUSHDHARA An
International Journal of Research in AYUSH and Allied
Systems. | September-October. | Vol 10| Issue 5.

Jhan E, Perveen S, Malik A, (2009). Verticilliside, a new
flavones C glucoside form Enicostemma verticillatum, ] Asi
NatProdRes, 11,257-260.

Ghosal SS, Sharma AK, Chaudhuri PV, (1974). Chemical
constituents of Gentianaceae IX: natural occurrence of
Erythrocentaurin in Enicostemma hissopifolium and
Swertialawii, ] Pharm Sci, 63,,944-945.

Johansen D. A (1990). Plant microtechnique, McGraw
Hill.BookCo.New York, pp.523.

13.

© 2023 Plant Science Archives. All Rights Reserved.



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13

