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Abstract

Sphagneticola calendulicea (L) Pruski. common
crawling weed with well-documented traditional
such as abscesses, sore throat, coughs, and eleph
the management of alopecia. To establish the q
pharmacognostic study was conducted,

The investigation involved a thorough examination of the leaves, focusing on macroscopy, micrascopy,
histochemistry, and powder study. The powder study revealed the presence of distinet features such as
anisocytic stomata, palisade tissue, tannin-filled cells, starch grains, caleium oxalate crystals, oil globules,
and various types of trichomes. These findings were consistent with the microscopic analysis of the leaves,
Physicochemical parameters were also assessed, yielding significant results that contribute 1o the overall
characterization of the plant, Fluorescence and phytochemical analyses were conducted, revealing the
presence of important phytoconstituents ncluding flavonoids, saponins, anthraquinone glycosides, among
others. These identified parameters collectively serve as valuable markers for the authentication and
standardization of Sphagneticola calendulacea.

The findings of this study enhance our understanding of the botanical and chemical characteristics of
Sphagneticola calendulacea, providing a foundation for quality control in the production of herbal
formulations derived from this plant. Furthermore, the documented pharmacognostic parameters will
contribute to the establishment of quality standards for this medicinal herb, ensuring its safe and cffective
utilization in traditional and contemporary healthcare practices.

Keywords: Sphagneticola calendulacea, leaves, Pharmacognosy, phytochemical analysis,
MACTOSCOPY, MICroscopy.

Introduction

Sphagneticola calendulacea (L.) also known by its synonym Wedelia chinensis (Osbeck.) Merr.. is a member
of the Asteraceae family [1]. Commonly referred to as Pitabhringaraja, Bhringaraj, Piwala-maka, Bhangaro,
among other names, this plant is native 1o various regions, including Andaman Istand, Assam, Banglodesh,
Cambodia, India, Japan, Jawa, Korea, Laos, Malaya, Manchuria, Myanmar, Nansei-shato, Philippines, Sri
Lanka, Taiwan, Thailand, and Vietmam, In India, it is found in regions such as Coimbatore,
Madurai, North Arcot, Salem, Tirnchchirappalli, and Tirunelveli [2 - §).

Sphagncticol calendulaces. s characterized by its. long. prostrate, perennial, spreading or creeping,
procumbent herbaceous structure. The leaves of this plant have been traditionally utilized for their tonic
propertics and in the treatment of cough [6]. The juice extracted from the leaves is employed as snuff for
alleviating cephalalgia and in the preparation of pills [7]. The plant holds e
sddressing conditions such s phelegmon, boils, impetigo, mastitis, ubscesses, cystitis, cold, and eruptive
fever. Additionally, the decoction of fresh plant material is used for bathing babies o prevent lichen tropicus.
Sphagneticola calendulacea has been recognized for its efficacy in liver R e
splenomegaly, and chronic kidney disease. Funthermore, it is employed in the treatment of balkdness, both
externally and iniemally, and for managing issues like greying of hair. The leaves are also utilized for dyeing
hair and promoting hair growth [8].

¥ known as Creeping Daisy or Bhringaraja, is an evergreen
uses in the treatment of varous inflammatory conditions,
antiasis, Additionally, its leal extract has been employed in
uality and authenticity of this herbal plant, a comprehensive
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lacea, it becomes imperative to
5 aims 10 contribute to the
ndulacea (L.) Pruski, with a

gnostic standards for this

hagneticola calendu
rude drugs. This study

'l Sphagnutltﬂm cale
pment of pharmaco

Given the medicinal importance of the leaves of Spl

establish pharmacopocial standards for its use as ':
understanding of the botanical and therapeutic properties O
focus on the leaves, laying the groundwork for the develo

viluable plant

Materials and Methods:

s  Procurement of Materials:

e The leaves of Sphagneticola calendulacea (L.
Kalsubai Region of Western Ghat, Maharashtra. R Chatrapat
authentication at the Dr.Babasaheb Ambedkar M&rﬂth:'{;ﬂ‘lﬂ;ﬂ L,:"f.ac:uc]:::r e s is
Sambhajinagar, Maharashtra with an assigned accession number © El-j- IAm B tiveude

meticulously preserved at the Department of Botany Dr.Ha od leaves were utilized in
University Chatrapati Sambhajinagar,Maharashtra. Both fresh and presery

; hvde: acetic acud;
the evaluation process. A subset of leaves was preserved using F.AA {fﬂn:dalisszade ke
alcohol) for subsequent analysis, while the remaining leaves were subject o

; - :
then ground into a moderately coarse powder for further pharmacognostic examin

) Pruski were collected in their vegewltive state from
The collected plant material underwent

Preservation Technique:

e A portion of the collected leaves
preservation process involving formaldehyde, acetic acid, and alcoh .
maintains the structural integrity of the leaves for subsequent analysis and documentation.

was preserved in F.AA splution, enmsuring a meticulous
ol. This preservation method

Preparation of Dried Powder:

e The remaining leaves were carefully dried in shade to preserve their inherent characteristics. Post-
drying, the leaves were ground into a moderately coarse powder. This powder serves as the basis
for subsequent pharmacognostic analyses, allowing for the assessment of various botanical and

chemical parameters.
Pharmacognostic Study: Macroscopy of Leaf

Methodology:

The macroscopic characteristics of the fresh leaves of Sphagneticola calendulacea (L.) Pruski were
examined using a stereo zoom microscope [10]. This method involves the use of a specialized
microscope with a zoom lens to provide a three-dimensional view of the leaf's external features.

«  Pharmacognostic Study: Microscopy of Leaf

Methodology:

»  Fresh hand-cut sections of the leaves of Sphagneticola calendulacea (L.) Pruski were prepared for
microscopic studies [11].. The sections were observed at varying magnifications ranging from 25X
to 20,000X. Measurements of cell contents were performed using a stage and ocular micrometer
[12].

*  (bservations:

= Microscopic Structure; Detailed observations were made regarding the internal structures of the
leaf, including cell types, arrangement, and any specialized structures,

* Scanning Elcf:tmn Microscopy (SEM): SEM analysis provided high-resolution images of the leaf
surface, offering insights into the microstructural features at an even finer scale
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* Cell Content Measurements: The dimensions of various cell comtents wers mensursd iy age
and ocular micrometers,

L) Le:ur Cumlan_u:; Parameters such as stormatal type, slomatal index, vein-delet lerminstion mwmber,
vein termination number, palisade ratio, and trichome density were determined [173]

Histochemical Analysis:

o Fresh hand-cut sections of Sphagneticols calendulacen (1.) Pruski lewves were subfacted
histochemical analysis using various reagents. This standard methodolagy (14, 19) wimed o
determine the presence and location of primary and secondary metaholites within the leaf fissoes

= Primary Metabolites: Reagents were applied to identify essential compounds like carbobydestes,
proteins, and lipids,

* Secondary Metabolites: Specific reagents were used to detect the presence and lozalization of
secondary metabolites such as alkaloids, flavonoids, tanning, and ether bigactive compeunds.

Powder Analysis:

*  The dried leaf powder underwent analysis using the following procedure [16]:
» Treatment with Aqueous Chloral Hydrate Solution: The leaf powder was treated with an sguenas
chloral hydrate solution, facilitating the observation of cellular structures.

* Mounting in 50% Glycerin: The treated leaf powder was mounted in 50% glycerin, providing 2
medium for microscopy.

Microscopic Observation:

* The mounted specimen was observed under a microscope, and measurements were recorded using
a stage and ocular meter.

Fluorescence analysis

*  Methodology:

Fluorescence analysis of the dried leaf powder of Sphagneticola calendulacea (L.) Pruski was
conducted by adding various reagents. The observations were made under both ultravioler (U V)
and ordinary light conditions [17, 18].

&  Preparation of Dry Powder: The leaves were dried and ground into a fine powder.

* Application of Reagents: Different reagents were added to the dry powder, and observations were
made for any changes in fluorescence.

¢  Observation under Ultraviolet (U.V.) Light: The treated powder was observed under ultraviolet light
to detect any characteristic fluorescence emitted by specific constituents.

¢ Observation under Ordinary Light: The same treated powder was also observed under ordinary light

1o note any visible changes in color or fluorescence,

Physicochemical Analysis
*  Moisture Content:
*  Method: Performed according to standard methodology [19),
¢ Observations: The moisture content in the leaves of Sphagneticola calendulacea was determined 10
mﬂumu{wm,ﬁhpﬂmwilmmfﬂmﬁuhﬂmp::hbﬁhmﬁm
quality of the plant material,
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. wwm nm:hrd_r mﬂ | [19] ash. and water-soluble ash, Were
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indicative of the presence of minerals of extrancous Mafier-
mvm
Method: Performed according 1o standard methodology [19]
mﬂmm‘mmmmmﬂmmdmmmmm
M%mmmummwmummmmmm,
assessing the extractable medicinal components.

* The dry leaf powder of Sphagneticola calendulacea (L.) Pruski underwent pfeliminarj.
phytochemical analysis through extraction with solvents such as water, alcohol, and
methanol. The resulting extracts were then filtered and subjected to analysis following
standard procedures [20, 21].

®  The water extract was analyzed 1o identify the presence of water-soluble phytoconstituents
. cmmwmmmﬁmmmmmwﬁcmsmﬁ
= Alcohol Extract:
mnhﬂnmnmﬂmmm&mufmmm
Tﬁsﬁmhmtypiﬂﬂym:lﬁﬁﬂh}nids.ﬂmhhmﬂmm?mhnhmmalm
soluble in alcohol.
Methanol Extract:
® The methanol extract was analyzed to identify constituents soluble in methanol.
¢ Mecthanol is often used 1o extract a broad spectrum of phytochemicals, includi :
e luding polar and non
Organoleptic Characteristics:
. Cﬂmﬁtmw&w{mﬂmﬁﬂﬂlﬁhmmﬂthhu{lhuiﬂ]mﬁw.
» Odor: Aromatic.
o  Taste: Bitter.
Macroscopic Feamres:
Leaf Type: Simple.
Petiole: Very short
Phyllotaxy: Opposite.
Leaf Shape: Oblong to lanceolate.
Size: Ranging from 4.3 to 6 cm in length and 2.9 10 4.9 cm in breadth.
Surface Texture: Slightly hairy on the upper surface (adaxial) and more hairy on the lower surface
{abaxial).
« Margin: Sermaie (o entire.
= Apex: Acule
# Venation: Reticulale.
s  Observations (Figures | & 2):



¢ The macroscopic examination revealed oh

arncteristic features of Sphagneticola ealendulacen (L)
Pruski leaves. The opposite
e opposite phyllotaxy, oblong (o lanceolme Fig. 2

shape, short petiole, and serrate to entive marglin contribite to
the distnctive macroscopie identity of the lenve
Figures 1 & 2: Insert relevant

images  depicting  the
macroscopie features of the leaves

Fig 1: Habit of Sphagneticola calendulacea

Fig 2: An Upper surface of leaf;
B Lower surface of leaf

Microscopic Study of Sphagneticola calendulacea Leaves
Transverse Section (T.5.) of Fresh Matured Leaf

The transverse seclion passing through the midrib of a fresh matured leaf reveals distinct layers and structural
features,

Upper Epidermis:
¢ Structure: Single layered, consisting of sphencal compactly arranged cells.

e Cell Size: Cells measure 16.8 - 21.6 pm in diameter.

e Cuticle: Externally covered with a thick cuticle.

s  Trichomes: Two types of trichomes interrupt the epidermal cells:

Uniseriate, multicellular warty trichomes: Measuring 44 wm in length and 1.1 pm in breadih,

Simple type of trichomes: Measuring 30 pm in length and 0.8 pm in breadth

* Stomata: Present in the upper epidermis.

# This microscopic analysis provides detailed insights into the structural composition of the upper
epidermis of Sphagneticola calendulacea leaves, The presence of different inchome types and
stomata contributes 1o the overall characterization of the leaf's morphology

Midrib region

In the midrib region of Sphagneticols calendulacen leaves, the transverse section reveals specific layers and
cell {ypes:
* Collenchyma Cells Below Upper Epidermis:
= Location: Below the upper epidermis of the midrib region.
structure: 3-7 layers of thick-walled collenchyma cells,
o Cell Size: Measuring 43.2 - 46 pm in dinmeter,
¢ Arrangement: Compact and tightly packed.
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*  Parenchyma Cells:
o Location: Continuation below the collenchyma ells.
o Structure: 10-12 layers of polygonal parenchymi celln,

o Coll Size: Ranging from 12,0 < 16,8 pm in dinmeter. _
o Inner Parenchyma Cells: Larger, measring 29,8 < 124 pm In {Ellnﬂiﬂu’;-hm ik
Content: Cells are filled with oil globules, starch grain, and calcium

thelial cells.
Ol Ducts: Present in parenchyma cells, outlined by o single layer of epithelt

«  Collenchyma Cells Below Parenchynia Cellw: f .
epidermis.

o Location: 2-3 layers below the parenchymi celln, just above the lawer

o Structure: Thick-walled, compactly arranged collenchymi cellt.

Vascular bundles:

o In the parenchymatous region of Sphagnetic
the arrangement and characteristics of vascular bundles;

ol calendulacen leaves, the transverse section reyves

Vascular Bundle Arrangement:
o Structure; Arch of three vaseulor bundles,
e Composition: One large vascular bundle flanked by two smaller ““u.l‘ar Bados
«  Positioning: The arrangement forms an arch in the parenchymatous region.

®  Vascular Bundle Components:

Lower Epidermis:

Structure:
» Single layered, globular, and compactly arranged cells,

e Cell diameter: 7.2 - 9.6 pm.
e Externally covered with a thick cuticle.

Trichomes:
e Uniseriate, multicellular warty trichomes: Measuring 36 pm in length and 0.9 pm in breadih.
«  Simple type of trichomes: Measuring 42 pm in length and 1.2 pm in breadth.

Similar trichome types as observed in the upper epidermis.

Stomata:
e More numerous stomata are present on the lower epidermis compared to the upper epidermis

e Metaxylem and Protoxylem: The large vascular bundle consists of metaxylem positioned toward
the dorsal side and protoxylem towards the ventral side. This arrangement is characteristic of certa”
vascular bundles in plant tissues.

Phloem Cells:
Surroundings: Phloem cells within the vascular bundles are surrounded by

sclerenchymatous patches,
e Sclerenchyma Function: Sclerénchymatous patches 1 and
protection to the phloem cells, : B S asural support &7

Structure of Upper Epidermis:
e Single-layered.
e Tangentially elongated cells,
e Compact arrangement,
o Cell dimensions; 27.4 - 30.6 um in length, 8.6 - 9.0 um in breadth
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Fig 5: SEM -T.S. of leaf passing through mid-rib
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Fig4: T. S. of leaf passing through lamina



Fig 6: SEM - Leaf surface showing warty and glandular trichomes

Fig 7: SEM - Lenl surface showing stomatn

The SEM section passing through the midrib region of Sphagneticola calendulacea leaves
confirms several features observed under the compound microscope:
Vascular Bundles:

SEM confirms the presence of three vascular bundles in the midrib region,

Spongy Parenchyma:

Spongy parenchyma is identified in the midrib region, contributing to the overall tissue
structure.

Trichomes on Lower Epidermis:

SEM reveals the presence of warty and glandular trichomes on the lower epidermis,
This supports the observations made through the compound microscope.

Xylem Vessels with Annular Thickenings:

Xylem vessels are observed with annular thickenings.

The presence of these thickenings in the xylem vessels is consistent with observations
made in the compound microscope.

Concordance with Compound Microscope Observations (Figures 5-7);

SEM images align with and confirm the features observed in the compound microscope,
providing a complementary view with higher resolution.

Abbreviations: uepi- upper epidermis, lepi — lower Epidermis, Pal — palisade cell, Sp
spangy tissue, col — collenchyma, pa - parenchyma, xy- Xylem, od- oil duct, ptr - glandular
trichome, wir - warty trichome, str - simple trichome, Cu- cuticle, Vb- vascular bundle

Table 1: Leaf Constants of Sphagneticola calendulacea (L.) Pruski

Sr. No. Leaf Constants

|
2

[
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ﬂhseﬁatinns
Type of Stomata (Figures & & 9) Anisoeytic type
Stomatal Index Upper: 2.6%
. Lower: 10.4%
Measurement Length: 29.8 um
Breadth: 24,
Palisade Ratio R4 i
Trichome ﬂﬂsity__ U.ppcr* 5
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Leaf C unstnnt;

vein-Islet Termination Number (Figure 10)

Vein Termination Number

l}hstﬂr:tinna

Lower: 8
middle Region: 3.6

eaf Base. 4
Middle Region: 7
Ll:af_ HaEC:_'?




Fig 9: i i
g 9: Lower epidermis of leal showing anisocytic stomata
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Fig 10: Vein-islet termination of leaf.
Histochemical Analysis Results (Table 2):

The histochemical analysis involved treating sections
reagents to study the location of different metabo

of fresh leaves with various
lites. Here are the results

summarized in Table 2:
Metabaolite Reagent Used Ohbservation
Presence indicated by a blue- _r
Starch lodine solution black color in the cells.
Formation of a purple color |
Ninhydrin suggests the presence of
Proteins solution proteins.
Sudan 111 Lipids appear as red-stained
Lipids solution areas in the cells.
Development of a color
{usually blue or green) '
Phenolic Ferric chloride indicates the presence of
Compounds solution phenolic compounds.
Formation of a dark color
Ferric chloride suggests the presence of
Tannins solution tannins. |
Chlor-zinc- Presence indicated by a blue
Cellulose jodine solution color in the cells. e
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| [ ; tion
Metabolite Reagent Used Ohserva
e Formation of red color or
Ruthenium red reddish areas ":r_I;:licates the
f mucilage.
Mucilage solution presence 0 g r
Effervescence OF bubbling
reaction suggl,ssls I:t:;
alate
"1‘;'!:lilﬂlll“::I Hydrochloric prcs::r:lzc of calcium 0X
Crystals acid (HCI) crystals.

L.} Pruski Leaf: -1 _ !
{ulu:::ea leaf provides detailed insights into 1ts

Jere are the key elements observed:

Powder Study of Sphagneticola calendulacea
The powder study of Sphagneticola calend
composition under a compound microscope. |
Color and Characteristics:

Color: Dark green.

Odor: Aromatic.

Taste: Bitter.

Microscopic Elements:
Chlorenchymatous Palisade Cells: _
Vertically elongated cells measuring 5.4 pm long and 0.8 pm wide.

Epidermal Cells: |
e Thin-walled rectangular cells measuring 8 pm long and 2.7 pm wide.

Trichomes:
e Small to long, non-glandular, multicellular, uniseriate warty trichomes with sharp tips
(up to 47 um long and 3.4 pm wide).
« Long multicellular, uniseriate, simple smooth-walled trichomes with pointed tips (up
to 53 pm long and 2.8 pm wide).
e Glandular trichomes, sessile with spherical heads (up to 12.7-14 pm in diameter).

Tannin Filled Cells:
e Measuring up to 5.9 pm in diameter.

Spongy Cells:
o Parenchymatous, large polygonal cells measuring up to 14 pm in diameter.
Starch Grains:
s  Small, 'T““’-_ simple, spherical grains appearing purple when stained with iodine {up to
13 pm in diameter).
Oil Globules:
s  Measuring 6 pm in diameter.

Stomata;
* Anisocytic type, measuring 15.10 to 18.80 pm in length and 7 to 10.20 pm in breadth

* Calcium Oxalate Crystals:

®  Prismatic crystals in abundance, measuring 22 um long and 2.4 pm wide

Fibers:




bers mensuring up o 48 pm fong and 0.8 pm wide,

powder study
d N

s Lignified, elongated, tabular fi

ot the observed elements in the

cells lﬂﬁ?{: b: Calcium oxylate crystal 100X ¢ il

Ha ll; Pﬂ\‘-’dﬂ Emd}' = A ﬂ-‘p“dﬂn"“l
globule 400X, d: palisade cell 100X; € Warty trichome 100X -
smooth walled trichome with fibre; g Glandular trichome (fop view)

100X
Physicochemical Analysis of Sphagneticola ca ) Pruski Leaf Powder:

lendulacea (L.

Moisture Content:
o Measurement of the water content in the leaf powder.
o Important for determining the stability and storage conditions of the herbal material.

Ash Values:

Total Ash:
+ The residue left after complete incineration of the leaf powder.

« Provides an estimate of the total mineral content.

Water Soluble Ash:
o Ash soluble in water.

« Indicates the presence of water-soluble salts.

Acid Insoluble Ash:
o Ash insoluble
& Reflects the presence of

al ash 15 treated with acid.

in acid after the tot
er acid-insoluble substances.

silica or oth

hated Ash:
* Ash treated with sulfuric acid and ignited.

e Reveals the presence of sulfated compounds.
I'ﬂ active Values:
s Measurement of the quantity of soluble substances extracted from the leaf powder
using various solvents.
‘o Common solvents include water, alcohol, and methanol,
Table 3: Physicochemical Evaluation of $Phﬂﬂn=ﬂ¢!!|!£!]?_ﬂ.4ﬂ_|!,.ﬂ1.(h1 Pruski Lealf
Physico-chemical Parameters Observations |
~ Moisture Content (%) 7.14
 |Ashvalues |







sr.

Mo  Tesis
4 Powder + IN HCL
5  Powder + Conc, H2504
6 Powder+ 50% H2504
T Powder + Cone. HNO3
i3 Powder + FeCl3
Q Powder + NH3
10 Powder + Benzene
11 Powder + Petroleum Fther
12 Powder + Chloroform
13 Powder + Acetone
14  Powder + Ethyl Acetate
15 Powder + Acetonitrile
16  Powder + Diethyl Ether
17  Powder + Picric Acid
I8  Powder + 2-Propanol
19 Powder + Methanol
200 Powder + Ethanol
21  Powder + Distilled Water
22 Powder + 5% lodine
23 Powder + Hexane
24 Powder + Xylene
23  Powder + Acetic Acid

26

27

28

Powder + Nitrocellulose + Amyl

Acetate

Powder + Nitrocellulose + Amyl

Acetate + Methanolic NaOH

Powder + Nitrocellulose + Amyl

Acstale + HCL

Visible
Light
Green

Dark
Black

Light
Gireen

Yellow
Yellow
Green
Green
Green

Green

Green
Green
Green
Light
Gireen
Yellow
Light
Green
Cireen
Green
Green
Yellow

Cireen
Green

Light
Yellow

Cireen
Gireen

Gireen

UY  Fluorescence UV Fluorescence

(254 nm)
Gireen

Dark Black

Light Gireen
Light Green
Light Green
Light Green
Cireen

Green
Green

Green
Green
Green

Yellow
Cireen

Green
Cireen
(Green
Green
Gireen
Green

Green

Green
Light Yellow
Light Yellow

Li_ghl Yellow

—

(365 nm)
Green

Dark Green

Light Orange
Cireen

Brown

Lireen

Fluorescent Orange
Gireen
Light
Orange
Light
Orange
Fluorescent Orange
Light Pink

Fluorescent

Fluorescent

Fluorescent Orange
Dark Green |

Fluorescent Orange |
Fluorescent Orange
Fluorescent Orange
Green

Cireen |
Light
Orange
Light
Orange
Light
Orange

Fluorescent
Fluorescent

Fluorescent

Light Pink

Light Pink

ety
Pk, S |

Light Pink

Table 5: prejj i
Lo ¢liminary Phytochemical Screening of Sphagneticola calendulacea (L.) Pruski
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e The macroscopic and microscopic analyses, along with powder studies, contribute o
the authentication of the plant material. The presence of specific elements such as
warty trichomes, simple trichomes, glandular trichomes, anisocytic stomata, and cell
inclusions like starch grains and calcium oxalate crystals are crucial for identifyving
and standardizing the crude drug,

e Physicochemical parameters, including moisture content, ash values, and extractive
values, provide additional standards for the quahity control of the plant material.
Fluorescence analysis is a useful tool for detecting potential adulterants.

e The preliminary phytochemical sereening reveals the presence of various secondary
metabolites such as starch, carbohydrates, mucilage, proteins, lipids, tannins,
flavonoids, cardiac glycosides, anthraquinone glycosides, saponins, alkaloids, and
terpenoids. These compounds are of therapeutic importance and may contribute to the
plant’s traditional uses.

e The study serves as a foundation for further detailed phytochemical and
pharmacological investigations. It emphasizes the importance of standardization in
bringing lesser-known medicinal plants like Sphagneticola calendulacea into broader
recognition and use. The findings open avenues for exploring the full potential of the
plant in traditional medicine and may pave the way for its integration into modern
pharmaceutical practices,
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