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ABSTRACT

Introduction: Quality, safety, and efficacy are the three main components of any therapy used
for disease cure. Ayurveda encompasses vast knowledge regarding the use of numerous herbal
sources for disease management. Sphaeranthus indicus Linn. (Known as Mundi) is one such
drug praised in classical as well as contemporary medicinal science for its therapeutic efficacy.
The present study aims at development of quality standards for the Sphaeranthus indicus Linn.
(Whole plant) sample utilizing physico-chemical and phytochemical analysis. Objectives: To
perform physico-chemical, phytochemical, HPTLC, FTIR and UV analysis of Sphaeranthus indicus
Linn (Whole plant) sample. Materials and Methods: Physico-chemical analysis was done as per
the guidelines mentioned by Ayurvedic Pharmacopoeia of India. Phytochemical analysis, HPTLC,
FTIR and UV analysis was done as per the globally accepted standard guidelines. Observations
and Results: The observed values were then compared to the standard values to make the
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monograph of Sphaeranthus indicus Linn. (Whole Plant).
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INTRODUCTION

Mundi, a well-described plant in Ayurveda classics, has a
botanical source as Sphaeranthus indicus Linn., commonly known
as East Indian Globe thistle. It is an annual herb belonging to the
family Asteraceae. This herb is globally distributed from Africa to
Australia. Within India, it is said to be found throughout tropical
parts, especially in rice fields, dry waste places, and cultivated
lands.!V In Ayurveda, this herb is described by the name Mundi,
and is indicated in management of various disorders like Atisar
(~ diarrhea), Ama Vata (~arthritis), Apasmar (~Epilepsy),
Kasa (~Cough), Krimi (~Worm infestation), Mutrakriccha
(~diseases of urinary tract), Pandu (~Anaemia), Pleeharoga
(~diseases of spleen), Rakta dhatu vikara (~Haematological
diseases), Shleepada (~filariasis), Unmada (~Psychosis), Chhardi
(~Hyperemesis), Vata rakta (~Gout and related diseases),
Vidradhi (~Internal and external abscess), Vrana (~Wound)
and Yoniroga (~Diseases of female genital tract) etc.””’ The whole
plant and its anatomical parts have been reported with different
types of secondary metabolites which include eudesmanolides,
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sesquiterpenoids, sesquiterpene lactones, sesquiterpene acids,
flavone glycosides, flavonoid C-glycosides, isoflavone glycoside,
sterols, sterol glycoside, alkaloid, peptide alkaloids, amino acids
and sugars.® The whole plants, its isolated secondary metabolites
and different anatomical parts have been reported for ovicidal,!
antifeedant,”’  anthelmintic,’””  antimicrobial,”
analgesic,”! antipyretic,'”) hepatoprotective,'!! antitussive,!'?
wound healing,™™ broncho-dilatory,!
activity," anxiolytic,"®! neuroleptic,”” immunomodulatory,*!

antiviral,®
mast cell stabilizing

anti-diabetic,™ anti-convulsant® and many other activities.
In the contemporary research mainly the extracts obtained from
leaves and flower heads are studied, while the whole plant is not
thoroughly accessed for phytochemical and pharmacological
properties. Thus, present study aims at development of quality
assurance parameters for the whole plant sample of Sphaeranthus
indicus Linn.

MATERIALS AND METHODS

Collection of plant material

The plant of Sphaeranthus indicus Linn. was collected from natural
habitat (A/P Tal Mogarne, Dist. -Sindhudurg, Maharashtra,
India, having coordinates 16.0566° N, 73.5874° E) during the
months of October to December. Proper care was taken during
the collection and preservation of sample. Herbarium specimens
are stored at Department of Dravyaguna, All India Institute of
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Ayurveda, New Delhi. Authentication was done from Botanical
Garden of Indian Republic, Botanical Survey of India, Noida.
The collected sample was shade dried and stored into air-tight
baggage. It was then powdered for further analysis as well as
experimental studies.

Physico-chemical analysis

It incorporates calculation of loss on drying, extractive values
(aqueous and alcoholic extract) and ash values (total ash and
acid-insoluble ash). It was done according to the SOPs given by
Ayurvedic Pharmacopoeia of India.!"

Primary phytochemical analysis

Five solvents viz, 50% alcohol, N-hexane, ethanol, methanol
and chloroform were used to prepare extract. 1 gm of the dried
powdered drug was mixed with 10 mL solvent, stirred for 6 hr
and then kept steady for next 18 hr. Filtered and used to perform
chemical tests for primary phytochemical analysis as per the
standard guidelines.”*"

Qualitative analysis of heavy metals

The raw drug was heated in muffle furnace to obtain the white ash.
The white ash was then subjected to various chemical analyses to
determine the presence of heavy metals.?” Observations of heavy

metal analysis are depicted in Table 1.

HPTLC Fingerprinting

Six different extracts were prepared in the ratio (1:10) by cold
maceration method, including methanol, ethanol, n-hexane,

petroleum ether and acetone. The Merck TLC Silica gel F__, plate

264
was used as the stationary phase and Chloroform: Methanol (9:1)

was used as the mobile phase.

Table 1: Observation and inference of heavy metal analysis.

Heavy metal Observation Inference

tested

Cobalt Blue ppt formed Cobalt is absent
which turned pink on
warming

Copper A green ppt is formed  Copper is absent

Mercury Red ppt is formed that Mercury is absent
dissolved in an excess
of the reagent.

Nickel A Dblue ppt is formed Nickel is absent
which turns green on
warming

Silver A yellow ppt. is Silver is absent
developed.

Zinc A white ppt is formed ~ Zinc is absent
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Table 2: Observations of physico-chemical analysis.

Parameter studied Observed Permissible range
value as per API

Loss on drying 0.64% Not more than 1%

Alcohol-soluble extractive 9.20%w/w, Not less than 2%

Water soluble extractive 9.40%w/w Not less than 6%

Total ash 18.4%w/w Not more than 23%

Acid insoluble ash 6.0%w/w  Not more than 9%

HPTLC Standardization

Two samples of S. indicus whole plant were taken, one from the
local market and another is collected from the natural habitat
described earlier. Methanolic extract was prepared in the ratio
1:10, by cold maceration method. The Merck TCL Silica gel F, ,
plate was used as the stationary phase and Toluene: ethyl acetate
(93:7) was used as the mobile phase. Geraniol procured from
Sigma-Aldrich was used as the standard (As per Vol 13 of Quality
standard of Indian medicine, published by Indian Council of
Medical Research)

FTIR analysis

FTIR analysis was done by using Universal Attenuated Total
Reflectance (UATR) method by using standard guidelines.

UV spectroscopy

Methanolic extract prepared using the cold maceration method
was used along with the geraniol (procured from Sigma-Aldrich)
as the standard.

RESULTS

Physico-chemical analysis

Physico-chemical analysis of the sample was done in triplet
and average is compared with the values given in the Ayurvedic
Pharmacopoeia of India.'! The observations are depicted in
Table 2. It was done to evaluate the presence of the concerned
phytochemical utilizing the specific chemical test. Observations
are depicted in Table 3.

HPTLC fingerprinting

HPTLC fingerprinting has shown presence of 18 different peaks
when examined at 366 nm wavelength. The details are depicted
in Table 4.

Geraniol was used as the standard and it was observed that the
R, value is 0.19. Derivatization was done using 10% methanolic
sulphuric acid and plate was scanned at 540 nm wavelength.
Both the market as well as collected sample showed presence of
Geraniol in the proportion of 665.0 mcg/100 mg and 669.5 mcg/
100 mg respectively. Details of calibration curve are shown in
Figure 1.
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Table 3: Qualitative phytochemical assessment of S. indicus whole plant extracts.

Type of extract Proteins Alkaloids
Hydroalcoholic Present Absent
N-hexane Absent Present
Methanol Present Absent
Ethanol Present Absent
Chloroform Absent Absent

Table 4: Peaks obtained after HPTLC fingerprinting.

Track R, X (mm) Y (mm)
1. 0.619 20.0 46.4
2. 0.602 29.4 45.3
3. 0.602 38.8 45.3
4. 0.606 48.2 45.6
5. 0.608 57.6 45.7
6. 0.610 67.0 45.8
7. 0.603 76.4 45.4
8. 0.598 85.8 45.1
9. 0.595 95.2 44.9
10. 0.589 104.6 44.5
11. 0.587 114.0 44.4
12. 0.590 123.4 44.6
13. 0.590 132.8 44.6
14. 0.597 142.2 45.0
15. 0.605 151.6 45.5
16. 0.610 161.0 45.8
17. 0.623 170.4 46.6
18. 0.634 179.8 47.3

FTIR analysis done using UATR method revealed presence of 8
different peaks. The data obtained from FTIR was then compared
with the IR spectrum library, publish by Sigma-Aldrich,”! to
draw the inference. Details of FTIR analysis are depicted in
Table 5.

UV spectrophotometry

The observations of UV analysis of S. indicus Whole plant, as
compared with the standard Geraniol, reveals same absorption
peaks indicating presence of geraniol in the methanolic extract of
S. indicus whole plant. The graphs of both are depicted in Figure 2
and Figure 3.

DISCUSSION

Quality, safety and efficacy are three major components of
evaluation of any herbal drug used in Ayurveda. Quality of
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Flavonoids
Present
Absent
Present
Present
Absent

Saponins Tannins
Present Absent
Present Absent
Absent Present
Absent Present
Present Absent

Table 5: Observations and inference of FTIR analysis.

Peak
wavelength

3416.81
2925.44
1734.79
1631.04
1383.86

1320.64
1261.41

1155.43

Appearance Group

Strong, broad O-H stretching
Strong, sharp C-H stretching

Medium C-H stretching

Strong C=0 stretching
Strong C=C stretching
Medium C-H bending

Strong C-N stretching
Strong C-O stretching

Compound
class

Alcohol
alkyne

alkane

esters

Qa,
B-unsaturated
ketone

aldehyde

aromatic
amine

aromatic ester

Calibration results:
Area calibration for substance Geraniol @ 540 nm:

4x103 -
3.5%103 —
3x103 <
2.5x10% -

2x10°3

AU

1.5%10°%
1x10° -

5x104 -

o

=== Calibration range

+ References
+ Samples
T

0

Regression mode
Range deviation
Related substances
Number of references

Calibration function

Polynomial
0.00 %
Default

7/

T 1
5 6

Quantity (ng)

y=-6.232x10"x*+9.485x10"x+1.743x 10"*

CV 1.54 %
R=0.999318

Coefficient of variation
Correlation coefficient

Geraniol (5 sample assignments) @ 540 nm
Sample 'SA 2' 665.0 pg/ml CV=21.00 % (3 applications)
665.0 pg in 100.00 mg
Volume: 2.0 pl 577.0 pg/ml (CV unavailable) (1 replicas)
Track 13 577.0 pg/ml 1.154 pg
Volume: 4.0 pl 709.1 pg/ml CV=23.33 % (2 replicas)
Track 14 826.1 pg/ml 3.304 pg
Track 15 592.1 pg/ml 2.368 pg
Sample 'SA' 669.5 pg/ml CV=28.22 % (2 applications)
669.5 pg in 100.00 mg
Volume: 2.0 pl 803.1 pg/ml (CV unavailable) (1 replicas)
Track 9 803.1 pg/ml 1.606 pg
Volume: 4.0 pl 535.9 pg/ml (CV unavailable) (1 replicas)
Track 10 535.9 pg/ml 2.143 ug

Figure 1: Calibration curve for the HPTLC with geraniol as the standard.
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FTIR analysis
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Figure 2: UV analysis of Geraniol.
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Figure 3: UV analysis of S. indicus (Whole plant).
raw drugs can be assessed by various analytical methods
mentioned in the principles of conventional phytochemistry.
Analysis of the herb Sphaeranthus indicus Linn. was done as per
guidelines mentioned in API and Quality standards of Indian
Medicine (Database Published by Indian Council of Medical
Research). Analytical study incorporated following parts viz,
pharmacognostic, physico-chemical study, phytochemical study
and sophisticated analysis like HPTLC, UV and FTIR techniques.
Ash value of any herb is indicative of the percentage of inorganic
parts present in the sample. It was calculated as per the
methodology given by the Ayurvedic Pharmacopeia of India.
Ash value was obtained within permissible limits, as the drug was
collected from the natural habitat and is free of adulterants.
Extractive values are indicative of quality and purity of the drug.
According to the guidelines of API, water and alcohol extractive
values are to be calculated for the assurance of drug quality.
Ethanol is used to calculate alcohol extractive value.

According to the concepts of conventional sciences, the factors
responsible for the medicinal activities are the secondary
metabolites present the plant original products. Secondary
metabolites include alkaloids, flavonoids, steroids, phenols,
tannins and much more. Thus, it is important to evaluate the
drug for presence of various phytoconstituents. Being, chemical
entities, various tests are designed to estimate presence of specific
phytoconstituent in the extract. Some phytoconstituents get
extracted in specific solvents only. Thus, it is important to study
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various extracts for presence of different phytoconstituents.
In the present study, five types of extracts were evaluated for
presence of proteins, alkaloids, saponins, tannins and flavonoids.
Standardized tests were conducted under controlled environment
in phytochemistry lab. Proteins, flavonoids and saponins are
present in most of the extracts (Hydroalcoholic, methanol and
ethanolic extracts) while tannins were found in methanolic and
ethanolic extract and alkaloids are found in N-hexane extract
as they are lipid soluble under normal conditions. Anxiolytic,
anti-inflammatory, antimicrobial and ani-epileptic potential of
Mundi can be attributed to presence of flavonoids and tannins
present in it.?¥ Though, there are various phytoconstituents
present in the extracts of Mundi, there is a paucity of scientific
data regarding their anxiolytic activity. Therefore, we cannot
assign anxiolytic activity to the specific constituent.

High performance thin layer chromatography, is a sophisticated
method based on the principle of the chromatographic separation
technique. It is characterized by significantly shorter development
times, lower solvent consumption and improved resolution.
Highly reproducible results and traceable records are obtained
through standardized methodology and the use of appropriate
instruments (usually software controlled) for all steps of the
analysis. HPTLC methods can be used for quality assurance of
the plant, as well as to find out the variety of phytoconstituents
present in the sample. In the present study geraniol is used as
standard as mentioned in Quality standards of Indian medicine
(Vol13).S. indicus, first from its natural habitat (denoted by vial ID
SA) was analyzed in comparison to geraniol. After quantification,
it was seen that market sample (denoted by vial ID SA 2) contains
665 micrograms of geraniol in 100 mg of herb, while the collected
sample contains 669.5 mcg. Geraniol possesses antimicrobial,
anti-inflammatory, antioxidant, anti-cancer, and neuroprotective
activities.”” HPTLC fingerprinting is the representation of the
phytochemical composition of a plant extract or plant formulation
in the form of bands at 254 nm, 366 nm and white light. It is
a sequence of peaks or zones of a specific chromatogram for a
sample. The United States Pharmacopeia defines the HPTLC
fingerprint as follows: “It is the electronic image of the visual
HPTLC chromatogram.” The HPTLC fingerprint is scored based
on Rf, the color, and the relative intensity of the bands in the
electronic image. The HPTLC technique can be used for plant
fingerprinting. Each plant has a different fingerprint pattern.
When the plant extract is processed into an appropriate mobile
phase, the observed pattern of separation is the imprint of the
plant. HPTLC is a preliminary step to identify phytochemical
compounds and secondary metabolites of a plant. Fingerprints
play an important role in the quality control of herbal medicinal
products. It can be used for raw material authentication and
detection of adulterant or spurious material. Six extracts of
Mundi including methanol, ethanol, n-hexane, petroleum ether,
chloroform and acetone, were analyzed in mobile phase of
chloroform and methanol (9:1). Total 18 peaks were obtained
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after scanning at 254 and 366 nm wavelength. This fingerprint
can be further used as quality assurance of Sphaeranthus indicus
Linn. sample.

Ultraviolet spectroscopy works on the principle of absorbance
of UV light and different wavelength from 400 to 1000 nm
wavelength. Geraniol is used as a standard to compare (as given
in 13" vol of Quality Standard of Indian Medicine). Maximum
absorbance of observed at 210 nm wavelength in both geraniol
as well as methanolic extract of S. indicus. This observation is in
accordance with the previous works' and databases available.
FTIR analysis revealed presence of 8 distinct peaks indicative
of presence of various functional groups like Alcohol, alkyne,
alkane, esters, a, p-unsaturated ketone, aldehyde, aromatic amine
and aromatic ester. This data may be useful for quality assurance
and standardization of samples of S. indicus whole plant.

CONCLUSION

Data obtained from the present study can be used as the reference
parameters for the quality assurance of Sphaeranthus indicus
Linn. (whole plant) sample in further studies.
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