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ABSTRACT

Background: Ageratina adenophora is an invasive Asteraceae species containing chemically diverse secondary
metabolites. Establishing a reliable phytochemical marker requires agreement between botanical authentication,
chromatographic behaviour and complementary spectroscopic evidence.

Objective: To isolate a coumarin-type compound from the leaves and aerial parts of A. adenophora collected in
Uttarakhand and evaluate its identity and purity using HPTLC, HPLC, mass spectrometry, 1H-NMR and FTIR
spectroscopy.

Methods: Authenticated plant material was examined by transverse-section and powder microscopy and extracted
with 70% ethanol. The concentrated extract was partitioned with chloroform, monitored by HPTLC and fractionated
by silica-gel column chromatography. The isolate was recrystallized and evaluated by HPLC, positive-mode LC-ESI-
MS, 1H-NMR and FTIR spectroscopy.

Results: The crude extract yield was 12.40% w/w; the chloroform-enriched fraction represented 5.85% w/w of the
crude extract; and the isolated compound represented 1.68% w/w of the starting extract. The isolate formed white to
off-white crystalline needles with a melting point of 68 °C. HPTLC showed a single isolate zone at Rf 0.744, closely
matching the coumarin standard at Rf 0.745. HPLC showed a major isolate peak at 7.323 min with 97.58% area-
normalized purity, closely matching the standard at 7.328 min. Positive-mode mass spectrometry showed a dominant
[M+H]" ion at m/z 147.03. FTIR bands at 1693.20 and 1665.93 cm™ supported a conjugated lactone carbonyl, while
bands at 1618.02 and 1572.67 cm™ supported an aromatic conjugated system. The 1H-NMR spectrum contained
aromatic signals at 6 7.31-7.43, result support the analysis.

Conclusion: The agreement of HPTLC and HPLC retention behaviour with an authentic standard, together with the
molecular ion, NMR and diagnostic FTIR absorptions, supports assignment of the isolate as a coumarin-type
compound and its use as a chromatographic marker for A. adenophora.

Keywords: Ageratina adenophora; coumarin; isolation; HPTLC; HPLC; mass spectrometry; NMR; FTIR;
phytochemical marker.
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and thymol derivatives, monoterpenes, sesquiterpenes
and coumarins [8—15], and extracts have displayed
antimicrobial, antioxidant, anti-inflammatory, antiviral
and cytotoxic effects [16—22]. The plant also elaborates
hepatotoxic sesquiterpenes, notably 9-oxo0-10,11-
dehydroageraphorone [23-27]; marker-based chemical

1. INTRODUCTION

The dependability of herbal medicines rests on correct
botanical authentication and on pharmacognostic and
phytochemical standardization, because the level of
secondary metabolites in a plant shifts with genotype,

geographical origin, climate, harvest season and post-
harvest handling [ 1-4]. Ageratina adenophora (Spreng.)
R.M. King & H. Rob. (syn. Eupatorium adenophorum
Spreng.; Asteraceae), commonly called Crofton weed, is
an invasive species that has become naturalized across
many regions [5—7]. Its aerial parts have been reported
to contain flavonoids, phenylpropanoids, quinic-acid
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work on this species must therefore be read alongside its
safety profile.

Coumarins are benzopyrone natural products with
antioxidant, anti-inflammatory, antimicrobial and
anticoagulant properties, and they are widely used as
chemotaxonomic and quality-control markers in
botanical research [34—36]. A coumarin constituent has
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been mentioned in earlier surveys of A. adenophora (8],
yet its dedicated isolation, supported by HPTLC, HPLC,
MS, NMR and FTIR evidence, has not been documented
for plants growing in Uttarakhand. This study set out to
isolate coumarin from authenticated 4. adenophora
collected in Uttarakhand and to describe its identity,
purity and spectral behaviour.

2. MATERIALS AND METHODS

2.1 Plant material and authentication

Healthy, fully grown leaves and aerial parts of A.
adenophora were gathered near Dol Ashram in the
Kumaon hills of Uttarakhand, India, in May 2024. The
material was authenticated at the Botanical Survey of
India, Dehradun, and a voucher specimen was lodged
under Acc. number 1434.

2.2 Microscopic evaluation

Fresh mature leaves were washed, and thin free-hand
sections through the midrib and lamina were cut with a
razor blade. The sections were cleared in chloral hydrate
solution, stained with safranin, washed and mounted in
glycerine. For powder microscopy, shade-dried leaf
powder was cleared by gentle warming in chloral
hydrate solution, washed and mounted in glycerine. The
slides were observed under a LaboMed compound
microscope with a digital camera, and the diagnostic
tissues and cell inclusions were recognized and
photographed following standard pharmacognostic
practice [28,29,39].

2.3 Chemicals and reagents

The coumarin reference standard (purity 96.60%) was
purchased from TCI. HPLC-grade methanol and
acetonitrile, and analytical-grade ethanol, chloroform,
n-hexane, ethyl acetate and formic acid were used,
together with silica gel (60-120 mesh) for column
chromatography and pre-coated silica gel 60 Fas4 plates
(Supelco) for TLC/HPTLC. Chloral hydrate, safranin
and glycerine were used for microscopy, and HPLC-
grade water was used throughout.

2.4 Extraction and fractionation

One kilogram of shade-dried, coarsely powdered plant
material was macerated in 70% ethanol at room
temperature. The filtrate was concentrated under
reduced pressure and then partitioned successively with
chloroform to give a coumarin-enriched fraction. The
partitioning was followed by TLC on silica gel 60 Fas4
with n-hexane : ethyl acetate : formic acid (7 : 3 : 0.2,
v/v/v) as the mobile phase, and the plates were inspected
at 254 and 366 nm.
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2.5 Isolation of coumarin

The chloroform-enriched fraction was loaded on a silica
gel (60120 mesh) column and eluted with n-hexane :
ethyl acetate in stepwise increasing polarity. Fractions
that gave a single spot matching the coumarin standard
were combined, evaporated and recrystallized from
ethanol. The isolation yield was calculated as the mass
of isolate divided by the mass of starting extract,
multiplied by 100.

2.6 HPTLC analysis

HPTLC was carried out on Supelco silica gel 60 F2s4
HPTLC plates (200 x 100 mm). Methanolic solutions of
the raw material, the coumarin standard and five
enriched samples were sprayed as 8.0 mm bands with a
CAMAG Linomat 5 applicator, using methanol as
sample solvent, application volumes were 2.0-6.0 uL
per track. Development was performed in a CAMAG
twin-trough chamber (20 x 10 cm) containing n-hexane
: ethyl acetate : formic acid (7 : 3 : 0.2, v/v/v). The plate
was developed to a solvent front and dried for 5 min at
room temperature.

The developed plate was scanned at 254 nm and then
derivatized by spraying with anisaldehyde—sulphuric
acid reagent and heated for 5 min at 105 °C in a hot-air
oven. The derivatized plate was observed in visible light.
The Rr values of the samples were compared with that
of the standard [37,38].

2.7 HPLC analysis and quantification

HPLC was performed on a Shimadzu i-Series LC-
2050C system fitted with a Restek ROC column (250 x
4.6 mm, 5 pm). Elution was isocratic with methanol :
water (40 : 60) at 1 mL/min and detection at 254 nm.
The isolate was identified by comparing its retention
time with that of the coumarin standard, and its purity
was calculated by area normalization. Linearity, LOD,
LOQ, precision, accuracy and system suitability were
evaluated according to ICH Q2(R2) [33].

2.8 Mass spectrometry (MS)

The isolate was examined by LC-ESI-MS/MS on a
Shimadzu LCMS-8045 triple quadrupole instrument in
positive electrospray mode (ESI+). The molecular ion
and fragmentation pattern were compared with the

known behaviour of coumarin (CoHeO2; calculated
[M+H]* m/z 147).

2.9 NMR spectroscopy

The '"H-NMR spectrum was acquired in DMSO-ds at
400 MHz. Chemical shifts (8, ppm) were referenced to
the residual solvent signal [30,31].
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2.10 FTIR spectroscopy

Infrared spectra were measured between 4000 and 400
cm! on a Perkin Elmer Spectrum Two, FTIR
spectrophotometer, to detect the lactone carbonyl,
aromatic C=C and C-O-C absorptions expected for
coumarin [29,32].

2.11 Statistical analysis

All experiments were performed in triplicate (n = 3), and
the data are expressed as mean + standard deviation
(SD). Statistical analysis was carried out using one-way
analysis of variance (ANOVA), and differences were
considered statistically significant at p < 0.05.

3. RESULTS

3.1 Authentication and microscopic evaluation

The plant material was confirmed as 4. adenophora
(Acc. no. 1434). In transverse section (Figure 1) the leaf

(a) Vascﬁlar bundle (xylem and phloem)

had a single-layered upper and lower epidermis with a
cuticle, a dorsiventral mesophyll made up of palisade
and spongy parenchyma, and stomata on the lower
surface (Figure 1b). The midrib contained subepidermal
collenchyma and a collateral vascular bundle, with
xylem towards the adaxial and phloem towards the
abaxial side (Figure 1a). Powder microscopy (Figure 2)
showed uniseriate multicellular covering trichomes (2c¢);
multicellular glandular trichomes with a short stalk and
an enlarged secretory head filled with brownish-yellow
granular matter (2d); spirally thickened xylem vessels
(2e); chloroplast-bearing palisade cells (2f); epidermal
cells with sinuous anticlinal walls and a stoma (2g); and
polygonal parenchyma cells (2h).

<A ;

(b) Leaf transverse section (lamina)

Figure 1. Transverse sections of the A. adenophora leaf: (a) midrib showing epidermis, collenchyma, xylem, phloem
and vascular bundle; (b) lamina showing cuticle, upper epidermis, palisade and spongy mesophyll, lower epidermis

and stoma.

y ,s -l .
b B .

() Covering trichome
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(d) Glandular rchome with secretory head
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(f) Palisade cells with chloroplasts

Figure 2. Powder microscopy of the A. adenophora leaf: (¢) covering trichome; (d) glandular trichome with
multicellular stalk and secretory head; (e) spirally thickened xylem vessels; (f) palisade cells with chloroplasts; (g)
epidermal cells with sinuous walls and a stoma; (h) polygonal parenchyma cells.

3.2 Extraction and isolation yield

Table 1. Extraction and isolation yields and physical characteristics of the isolate.

Parameter

Result

Extractive yield (%)

12.40% w/w

Coumarin-enriched fraction yield (%)

5.85% w/w (of crude extract; chloroform fraction)

Isolated coumarin yield (% w/w of starting extract)

1.68% w/w

Physical appearance (colour, form)

White to off-white crystalline needles

Melting point (°C) 68
3.3 HPTLC profile coumarin standard at Rf 0.745. The raw material and

The plate was documented under UV light at 254 nm and
in visible light after derivatization (Figure 3).
Densitometric scanning at 254 nm (Figure 4) showed the
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enriched samples contained a corresponding coumarin-
region zone at Rf 0.726-0.747 at the applied volumes.
The isolated compound produced a single zone at Rf
0.744, closely matching the standard.
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(a) UV 254 nm

(b) Visible light after derivatization

Figure 3. HPTLC plate containing 15 tracks of raw material, coumarin standard and enriched fractions, including the
isolated compound applied at 4 and 6 pL. Mobile phase: n-hexane : ethyl acetate : formic acid (7 : 3 : 0.2, v/v/v).
Plates were documented (a) under UV light at 254 nm and (b) in visible light after derivatization.
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Figure 4. HPTLC densitograms (254 nm) (a) raw material, (b) coumarin standard and (c) the isolated sample

The coumarin reference standard eluted at 7.328 min

3.4 HPLC identification and purity

HPLC analysis of the isolate produced one major peak
at 7.323 min with an area-normalized purity of 97.58%.

and had a reported purity of 98.04%. The method was
linear over 1-50 pg/mL (r* = 0.9992), with an LOD of
0.08 pg/mL and an LOQ of 0.25 pg/mL.

<Chromatogram>
mV

1000+

T.328

750+

500+

250+

Detector & 254nm|

0.0 25 50 75

100 125 15.0 175 200

min

(a) Coumarin standard (tr 7.328 min)
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<Chromatogram>
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(b) Isolated compound (tr 7.323 min)
Figure 5. HPLC chromatograms (254 nm) of (a) the coumarin standard and (b) the isolated compound.

3.5 Mass spectrometry characterization

Positive-mode ESI-MS/MS of the isolated compound showed a single dominant ion at m/z 147.03, assigned to the
protonated molecule [M+H]" of CsHsO: (theoretical m/z 147.04; MW 146.14), which is consistent with coumarin

(benzopyran-2-one).

147.03
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Figure 6. ESI+ full-scan mass spectrum of the isolate showing the molecular ion at m/z 147

3.6 NMR characterization

The 'H-NMR spectrum (400 MHz, DMSO-ds) of the
isolated fraction showed aromatic signals at 6 7.31-7.43
(2H, m), a solvent signal at 6 2.55 and aliphatic signals
at & 0.83—1.09. These data support the presence of an
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aromatic compound; however, the expected lactone-
region resonances were not adequately resolved and the
residual aliphatic signals indicate remaining impurities.
The available spectrum was therefore not considered
independently conclusive for structural identification
(Figure 7).
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Figure 7. '"H-NMR spectrum of the isolate (DMSO-ds, 400 MHz)

3.7 FTIR characterization

The FTIR spectrum of the isolated compound showed a
strong carbonyl absorption at 1693.20 and 1665.93 cm™,
assigned to the conjugated C=O stretching of the a-
pyrone (lactone) ring. Bands at 1618.02 and 1572.67
cm™! corresponded to C=C stretching of the conjugated
aromatic system, and those at 1499.59 cm™ and near

1480 cm™ to aromatic skeletal vibrations. Absorptions
at 1300.13 and 1277.36 cm™ were attributed to C-O
stretching, with further C-O/C-O-C bands at 1115.65
and 1014.51 cm™. Bands at 922.06, 833.76, 744.71 and
713.82 cm™ were assigned to aromatic C—H out-of-
plane bending. Overall, the spectrum was consistent
with the functional groups of a coumarin-type
benzopyran-2-one skeleton. (Figure 8)

100
T 80
]
£ 60
£
£
8 40
S
B
20 1 8
0 g -
3500 3000 2500 2000 1500 1000 500
Wavenumber cm-!
Figure 8. FTIR spectrum of the isolate with annotated absorption bands.
observations, together with authentication by the
4. DISCUSSION

The combined results support assignment of the isolated
material as a coumarin-type compound, although the
evidential strength and limitations of each analytical
technique must be considered.

(i) Botanical authentication. Microscopy established a
dorsiventral leaf with a collateral vascular bundle,
uniseriate covering trichomes, glandular trichomes with
a secretory head, spirally thickened xylem vessels and
sinuous-walled epidermal cells with stomata. These
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Botanical Survey of India and voucher accession
number 1434, support the identity of the plant material
used for extraction.

(i1) Extraction and chromatographic evidence. The 70%
ethanolic extraction yielded 12.40% w/w crude extract,
while the chloroform-enriched fraction represented
5.85% w/w of the crude extract and the isolated
compound represented 1.68% w/w of the starting
extract. On HPTLC, the isolate produced a single zone
at Rf 0.744, closely matching the reference standard at
Rf 0.745. HPLC provided a second chromatographic
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comparison: the isolate eluted at 7.323 min and the
reference standard at 7.328 min. The isolate showed
97.58% area-normalized purity. Agreement across two
chromatographic systems supports the identity and high
chromatographic purity of the isolate, although retention
agreement alone is not sufficient for complete structural
confirmation.

(iii) Mass spectrometric evidence. Positive-mode
analysis showed a dominant ion at m/z 147.03,
consistent with the protonated molecule [M+H]"
expected for CoHeO: (theoretical m/z 147.04). This
molecular-ion agreement supports a coumarin-type
molecular composition. Because the presented spectrum
is a unit-resolution full-scan spectrum, no exact-mass,
elemental-composition or ppm-error claim is made.

(iv) FTIR evidence. The absorptions at 1693.20 and
1665.93 cm™ are consistent with a conjugated lactone
carbonyl. Bands at 1618.02 and 1572.67 cm™ support a
conjugated aromatic system, while absorptions at
1300.13, 1277.36, 1115.65 and 1014.51 cm™ are
compatible with C-O and C—O-C stretching. Together,
these functional-group features support a benzopyran-2-
one framework. The broad band near 3272 cm™ may
reflect adsorbed moisture rather than a structural
hydroxyl group.

(v) NMR evidence and limitation. The I1H-NMR
spectrum contained aromatic resonances at 8 7.31-7.43,
supporting an aromatic nucleus. Consequently, the
available NMR spectrum independently confirm the
complete coumarin structure.

(vi) Overall interpretation. The melting point of 68 °C,
close chromatographic agreement with the authentic
coumarin standard, the [M+H]" ion at m/z 147.03 and
the FTIR pattern collectively support identification as a
coumarin-type compound. The conclusion is therefore
based on convergent chromatographic and spectroscopic
evidence.

(vii) Relevance and safety considerations. The isolate
can serve as a working chromatographic marker for
standardization of A. adenophora extracts and for
subsequent formulation research. This study establishes
chemical-marker evidence only; it does not establish
therapeutic efficacy or safety. Because hepatotoxic
sesquiterpenes have been reported from the species [23—
27], toxicological assessment and a formal benefit—risk
evaluation remain necessary before any internal-use
product development.

5. CONCLUSION

A coumarin-type compound was isolated from
authenticated A. adenophora collected in Uttarakhand at
a yield of 1.68% w/w of the starting extract. The isolate
produced a single HPTLC zone at Rf 0.744, closely
matching the coumarin standard at Rf 0.745, and a major
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HPLC peak at 7.323 min with 97.58% area-normalized
purity, closely matching the standard retention time of
7.328 min. The dominant [M+H]" ion at m/z 147.03 and
the FTIR bands attributable to a conjugated lactone
carbonyl, aromatic C=C and C-O/C-O-C groups
provide complementary support for a coumarin-type
benzopyran-2-one structure. The available 1H-NMR
spectrum  supported an  aromatic = compound
independently conclusive. Accordingly, the isolate is
suitable as a working chromatographic marker for A.
adenophora. These findings do not establish the safety
or efficacy of the plant or isolate for therapeutic use.
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