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Abstract

Rhanterium epapposum Oliv. is a desert plant from the family Asteraceae, widely distributed in Iraq and traditionally utilised for treating skin
infections and gastrointestinal disorders, as well as for its insecticidal properties. However, its phytochemical composition, particularly with
respect to coumarin constituents, remains insufficiently explored. The present study aimed to isolate and identify a major coumarin compound
from the whole plant of Iraqi R. epapposum. The coarse powdered plant material was defatted with n-hexane, extracted by cold maceration with
85 % aqueous methanol and subjected to successive solvent fractionation. The chloroform fraction was selected for further purification based on
its phytochemical profile. Thin-layer chromatography revealed a prominent fluorescent spot indicative of a coumarin compound and high-
performance liquid chromatography confirmed its presence. The compound was isolated using preparative layer chromatography and obtained
as a single major constituent (coded DA10) with a yield of 0.013 %. Structural identification was achieved through combined chromatographic and
spectroscopic analyses, including ultraviolet-visible (UV-Vis) spectroscopy, high-performance liquid chromatography (HPLC) spiking, Fourier
transform infrared (FTIR) spectroscopy, proton nuclear magnetic resonance ('H-NMR) spectroscopy and gas chromatography-mass spectrometry
(GC-MS), which showed excellent agreement with an authenticated scopoletin standard. The isolated compound DA10 was identified as
scopoletin. This study provides the first confirmed isolation and comprehensive characterisation of scopoletin from R. epapposum collected in
Irag. These findings contribute to the phytochemical profiling of the Iraqi chemotype of the species and provide a scientific basis for future
investigations on the biological activities and pharmacological potential of the isolated coumarin and other fractions of the plant.
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areas of Asia and Africa and has antioxidant properties (5). In
previous studies, Phytochemical investigations of the aerial parts
of R. epapposum have revealed the presence of essential oils,
flavonoids, alkaloids, saponins, tannins, sterols, steroids,
triterpenes and phenolic compounds (1,4, 6, 7).

Introduction

Rhanterium epapposum Oliv. is a desert plant belonging to the
family Asteraceae (1). It is commonly known as "Al-Arfaj".
Morphologically, it is a perennial dwarf shrub with a richly
branched, pale stem, growing up to 70 ¢cm tall. The plant is

characterised by tiny, narrow leaves and yellow flowers
approximately 1.5 cm in diameter, which are cupped in a
soft-spiny involucre (2). It is the sole species of the genus
Rhanterium found in the Middle East and represents the genus in
Saudi Arabia. This species is geographically widespread across
North and Western Africa, as well as in Afro-Asian countries. Its
distribution includes the northern border region of Saudi Arabia,
Kuwait, the northeastern parts of the United Arab Emirates, Iraq,
Iran and Sudan (3). It plays an important role ecologically and
economically as essential forage for livestock grazing by sheep and
camels in the desert and it is also utilised as a fuel source by
Bedouins (4).

Traditionally, R. epapposum has been used in folk
medicine to treat skin infections and gastrointestinal
disturbances and it is also employed as an insecticide in rural

Furthermore, previous studies have demonstrated that
extracts and essential oils obtained from the aerial parts exhibit
diverse pharmacological activities, including antimicrobial,
anticholinesterase, insecticidal (4), antioxidant, anti-inflammatory
(1), antifungal and anticancer effects (8). These biological activities
have been attributed to various bioactive constituents such as
monoterpenes, phenolic compounds, fatty acids, flavonoids,
tannins and phytosterols. Collectively, these findings highlight the
significant pharmacological potential of R. epapposum and justify
further investigation of its bioactive constituents.

However, coumarin compounds particularly scopoletin
have not been previously isolated from the chloroform fraction of
Iragi R.epapposum and their detailed spectroscopic characterisation
remains insufficiently explored. Scopoletin is a biologically active
coumarin derivative widely distributed in plants and has attracted
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considerable interest due to its pharmacological relevance (1).

Therefore, the present study aimed to isolate and identify
compound DA10 from the chloroform-soluble fraction of Iragi R.
epapposum, focusing on compounds that may have been
overlooked in previous investigations. The compound DA10 was
characterised using ultraviolet-visible (UV-Vis) spectroscopy,
high-performance liquid chromatography (HPLC) spiking, Fourier
transform infrared (FTIR) spectroscopy, proton nuclear magnetic
resonance ("H-NMR) spectroscopy and gas chromatography-mass
spectrometry (GC-MS) analyses. The results confirm that
compound DA10 was identified as scopoletin and is present in the
chloroform fraction of the plant.

Materials and Methods
Plant collection

In April 2024, whole plants of R. epapposum were collected from the
desert plain region of Najaf City, Iraq, which is characterised by deep
sandy soil and arid climatic conditions typical of the species. The
plant material was taxonomically identified and authenticated at the
Department of Biology, College of Science, University of Baghdad,
Irag. An official plant identification certificate confirming the species
and family was issued by the department; however, voucher
specimen deposition and numbering were not available due to
institutional limitations. The freshly collected plant material was
washed thoroughly, shade-dried and ground into a coarse powder.

Extraction and fractionation

A total of 300 g of the powdered plant material was defatted with
n-hexane (1:3 w/v) for three days at room temperature 25 °C) to
remove lipophilic constituents. The defatted residue (287.9 g) was
subsequently macerated with 3 L of 85 % aqueous methanol
(1:10 w/v) for 3 consecutive days at room temperature (25 °C) in a
dark place (protected from light), with intermittent shaking (9). The
extract was filtered and re-macerated twice under the same
conditions. The combined filtrates were concentrated under
reduced pressure to yield 17.25 g of crude methanolic extract. The
dried extract was suspended in 100 mL of distilled water and
sequentially fractionated using solvents of different polarity:
petroleum ether, chloroform, ethyl acetate and n-butanol (10). Each
fraction was dried over anhydrous sodium sulfate, filtered,
evaporated and weighed. The yields of the fractions were as follows:
petroleum ether (0.71 g), chloroform (1.45 g), ethyl acetate (1.25 g)
and n-butanol (3.4 g).

Preliminary observations indicated that the chloroform
fraction exhibited the highest intensity of coumarin-like fluorescence
under UV light. Therefore, this fraction underwent detailed
phytochemical evaluation. Thin layer chromatography (TLC)
profiling was first performed to compare its major fluorescent spot
with the scopoletin reference standard. In addition, HPLC analysis
was carried out to confirm the retention time of the major peak,
supporting the hypothesis that the target compound (DA10) was
scopoletin. Based on these findings, the chloroform fraction was
subjected to preparative layer chromatography (PLC) for isolation of
the fluorescent compound DA10, which was subsequently purified
and submitted to full structural elucidation using TLC, UV-Vis, HPLC
spiking, FTIR, 'H-NMR and GC-MS.

Identification by thin-layer chromatography

The chloroform fraction of Iraqgi R. epapposum was subjected to
TLC for the qualitative detection of the coumarin compound DA10
(scopoletin). This was carried out using pre-coated silica gel GFs
plates as the stationary phase (11). The chloroform fraction was
developed in a mobile phase composed of hexane: ethyl acetate:
methanol (7:3:1 v/v/v) (12). After development, the TLC plate was
examined under UV light at 365 nm and the retardation factor (Rf)
values were measured for both the DA10 compound and the
scopoletin standard using Eqn. 1 (13).

Ri= Distance traveled by compound 0
=
Distance traveled by the solvent

High-performance liquid chromatography (HPLC) of the
chloroform fraction

High-performance liquid chromatography was performed to
identify the presence of coumarin compound in the chloroform
fraction of R. epapposum. Reverse-phase HPLC was performed on a
SYKAM liquid chromatograph (Germany) equipped with a binary
pump, vacuum degasser, autosampler, diode-array detector (DAD)
and a thermostatted column compartment. Identification was
achieved on an ODS C18 analytical column (5 um, 250 mm x 4.6 mm)
using an isocratic mobile phase of methanol: distilled water
(80:20 v/v). The column temperature was set at 40 °C, the flow rate
was maintained at 1 mL/min and the injection volume was 100 L of
the 1 mg/mL sample solution. A relatively high injection volume
(100 pL) was employed to improve detection sensitivity for
identification of scopoletin in the chloroform fraction. The
chromatographic peak showed no distortion or overloading,
indicating that the injected volume was compatible with the column
capacity. Detection was performed at 245 nm using a UV detector.
Identification of the coumarin compound was confirmed by
comparing the retention times of the detected peaks with those of
the authenticated reference standard analysed under the same
chromatographic conditions (14).

Isolation by preparative layer chromatography

The chloroform fraction was subjected to PLC using silica gel
plates (1 mm thickness). The mobile phase consisted of hexane:
ethyl acetate: methanol (70:30:10 v/v/v). Bands were visualised
under UV light at 365 nm and the major fluorescent band
corresponding to scopoletin was carefully scraped, eluted, filtered
and evaporated to obtain the purified compound DA10. The
amount and percentage yield of DA10 were calculated based on
the dry weight of the chloroform fraction using Eqn. 2 (15).

Weight of solvent free compound (g) x 100

Yield (%) =
(%} Dried extract weight

(2)
Characterisation of the isolated compound DA10

The isolated compound DA10 was subjected to chromatographic
and spectroscopic analyses. Thin-layer chromatography was used
to evaluate the purity of the isolated compound DA10 and the
developed plate was examined under UV light at 365 nm.
Ultraviolet-visible spectroscopy was employed to record the
absorption maxima (A_max) of DA10 (16). Spiking HPLC analysis
was performed by co-analysing the isolated compound DA10 with
an authenticated standard under identical chromatographic
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conditions (17). Fourier-transform infrared spectroscopy was
carried out to examine the functional groups of DA10 in the
mid-infrared regjon (4000-400 cm™) (18). Proton nuclear magnetic
resonance spectroscopy was conducted for structural analysis of
the isolated compound DA10 (19). The GC-MS analysis of the
isolated compound DA10 was performed using an Agilent 7820A
gas chromatograph coupled with a 5977E mass spectrometer,
operating under electron ionisation (El) mode at 70 eV, with a mass
scan range of 25-1000 m/z.

Results and Discussion

The chloroform fraction of R. epapposum revealed the presence of
a major fluorescent compound (DA10), which underwent
chromatographic purification and spectral analysis as follows:

Identification by thin-layer chromatography

The TLC analysis of the chloroform fraction revealed several distinct
spots, indicating the presence of multiple phytochemical
constituents. Notably, one spot exhibited a characteristic light-blue
fluorescence under UV light at 365 nm, which is a well-documented
feature of coumarin derivatives, particularly scopoletin (20, 21). The
DA10 displayed a Rf value of 0.16, which is in close agreement with
the Rf value of the scopoletin reference standard (Rf = 0.17) analysed
under identical conditions. Such minor variation in Rf values is
commonly attributed to slight differences in sample concentration,
matrix effects, or solvent saturation conditions. These results are
consistent with previously reported TLC characteristics of scopoletinin
the literature and support its preliminary identification prior to further
chromatographic purification and spectroscopic confirmation (22), as
shownin Table 1and Fig. 1A.

High-performance liquid chromatography of the chloroform
fraction

Analytical HPLC profiling of the chloroform fraction revealed
several peaks, suggesting a mixture of phytochemicals. Among
these, one major peak exhibited a retention time comparable to
that of the authenticated scopoletin standard analysed under
identical chromatographic conditions (23, 24). In the present
study, the DA10 showed a retention time of 7.92 min compared
to 7.90 min for the reference standard, indicating a close
agreement. A similar close agreement in retention time has been
reported previously, where scopoletin identified in plant extracts
exhibited an HPLC peak at 7.94 min, closely matching the
retention time of the corresponding standard at 7.90 min (25).
Such consistency in retention behaviour across different studies
supports the identification of the major compound in the
chloroform fraction as scopoletin prior to further spectroscopic
confirmation, as shown in Table 2, Supplementary Fig. 1 and 2.

Isolation by preparative layer chromatography

Table 1. Retardation factor (Rf) values of DA10 in the chloroform
fraction and scopoletin standard

No Compound Rf
1 DA10 0.16
2 Scop. St. 0.17

DA10 =Isolated Scopoletin, Scop. St. = Scopoletin standard.

Table 2. Retention time (R:) values of DA10 in the chloroform
fraction and scopoletin standard

No Compound Rt (min)
1 DA10 7.92
2 Scop. St. 7.90

Preparative layer chromatography of the chloroform fraction
resulted in the successful isolation of a distinct fluorescent band
corresponding to compound DA10. The appearance of a single,
well-defined band under UV light at 365 nm indicates effective
separation of the target compound from accompanying
constituents. Such fluorescence behaviour is characteristic of
coumarin derivatives and is consistent with previous reports on
scopoletin isolation using planar chromatographic techniques. The
clear resolution achieved in this step demonstrates the suitability of
preparative layer chromatography for isolating scopoletin from
complex plant matrices (26). The corresponding PLC chromatogram
is presented in Fig. 2, while the yield and percentage recovery of the
isolated compound DA10 are summarised in Table 3.

Characterisation of the isolated compound DA10

Thin-layer chromatography: The TLC analysis of the isolated
compound DA10 obtained after preparative layer chromatography
revealed a single light-blue fluorescent spot under UV light (365 nm),
with no additional bands detected when compared with the
scopoletin reference standard, as shown in Fig. 1 B. The presence of

Table 3. Amount and percentage yield of isolated compound DA10
isolated from the chloroform fraction

Compound Amount (g) Yield %

DA10 0.12 0.013

a single spot indicates a high degree of chromatographic purity of
the isolated compound and reflects chromatographic behaviour
consistent with that reported for scopoletin in previous studies.
These findings further support the successful isolation and
preliminary identification of DA10 as scopoletin (20, 21).

UV-VIS spectroscopy: The UV-Vis spectrum of the isolated DA10
exhibited absorption bands characteristic of coumarin
chromophores. The observed spectral pattern showed absorption
maxima at 344,297 and 228 nm, which were in close agreement with
those of the authenticated scopoletin standard (345, 297 and 228
nm), indicating similar electronic transitions associated with the
benzene ring fused to the a-pyrone lactone system. These

absorption features are typical of TT>T* transitions reported for
naturally occurring coumarins (27). Similar UV-Vis absorption
maxima for scopoletin have been previously reported, with
characteristic bands observed around 339 nm, 295 nm and 226 nm
confirming the diagnostic spectral behaviour of this compound (28).
The close agreement between the absorption maxima of DA10, the
reference standard and literature data further supports the
identification of DA10 as scopoletin. The absorption maxima of DA10
and the reference standard are summarised in Table 4, while the
corresponding spectra are presented in Supplementary Fig. 3.

High-performance liquid chromatography spiking analysis: Following
isolation, the identity of compound DA10 was further examined by
HPLC spiking analysis. The isolated compound (R = 7.99 min) was
co-injected with the authenticated scopoletin standard (R; = 7.90

Table 4. UV-Vis absorption maxima (Amax) of isolated compound
DA10 and scopoletin standard.

No Compound Amax (nm)

344
1 297
DA10 58

345

297

2 Scop. St. 228
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H:EA:Me(7:3:1)

B H:EA:Me(7:3:1)

DA10
(Iso.Scop.)

Scop.
St.

Fig. 1. Analytical Thin layer chromatography chromatograms developed in hexane: ethyl acetate: methanol (7:3:1 v/v/v) and visualised under
UV light at 365 nm. (A) The chloroform fraction (Ch. F) of R. epapposum showing a fluorescent spot with the same Rf value as the scopoletin
standard (Scop.St.), indicating the presence of scopoletin in the fraction; (B) Thin layer chromatography comparison of the isolated compound
(DA10) obtained by preparative layer chromatography and the scopoletin standard (Scop.St.), demonstrating identical fluorescence and R¢

values, confirming the successful isolation of scopoletin.

DA1T0
(lIso.Scop.)

Fig. 2. Preparative layer chromatography of the isolated compound (DA10) obtained from the chloroform fraction of R. epapposum, developed
in hexane: ethyl acetate: methanol (70:30:10 v/v/v) and visualised under UV light at 365 nm. The intense light-blue fluorescent band
corresponding to DA10 shows the same migration behaviour as the scopoletin standard, indicating successful isolation of scopoletin.

min), resulting in a single sharp peak at a retention time of 7.99 min
without peak splitting or additional signals, indicating complete
co-elution. A slight shift in retention time upon spiking is commonly
observed and can be attributed to increased sample load or minor
matrix effects during co-injection. Similar HPLC spiking behaviour
has been previously reported for scopoletin, where co-injection with
a reference standard produced a single coincident peak, confirming
compound identity (25). This chromatographic behaviour provides
strong confirmatory evidence that the isolated compound DA10
corresponds to scopoletin, as shownin Supplementary Fig, 4.

Fourier transform infrared spectroscopy: The FTIR spectrum of the
isolated DA10 displayed absorption bands characteristic of

coumarin derivatives and showed a high degree of similarity to
that of the authenticated scopoletin standard. As summarised in
Table 5, DA10 displayed a broad absorption band around
3335 c¢m?, corresponding to O-H stretching vibrations,
comparable to the band observed for the scopoletin standard at
3266 cm. The presence of a strong absorption band at 1702 cm™
in the region associated with the lactone carbonyl (C=0)
stretching, along with characteristic aromatic C=C vibrations at
1605-1507 cm?, further confirms the coumarin skeleton of the
isolated compound DA10. Minor shifts in band positions between
DA10 and the reference standard can be attributed to differences
in intermolecular hydrogen bonding or sample environment,

Table 5. Fourier transform infrared data of isolated compound DA10 and scopoletin standard

Functional group v (cm) of DA10 v (cm?) of Scop. St.

Assignment

O-H 3335 3266
C-H 3050 3088
C-H 2925, 2857 2944
C=0 1702 1694
c=C 1605-1507 1614-1503
C-H 1453, 1374 1445, 1417
C-0/C-0-C 1274-1129 1285-1131
C-H 917-742 915-746

Stretching vibration of phenolic OH (broad)
Stretching vibration of C-H aromatic
Stretching vibration of C-H aliphatic (asymmetric and symmetric)
Stretching vibration of C=0 carbonyl of lactone group
Stretching vibration of C=C aromatic
Bending vibration of C-H
Stretching vibration of C-O /C-0O-C phenolic and methoxy /ether groups
Bending vibration of C-H out of plane

*v =wavenumber.
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which are commonly reported in FTIR analyses of phenolic
coumarins (29). Similar FTIR spectral features for scopoletin,
including O-H stretching and lactone carbonyl bands, have been
reported in previous studies (30), supporting the structural
assignment of DA10 as scopoletin. The corresponding FTIR spectra
are presented in Supplementary Fig. 5and 6.

Proton nuclear magnetic resonance spectroscopy: The 'H-NMR
spectrum of the isolated DA10O displayed proton resonances
characteristic of a substituted coumarin skeleton. As shown in
Table 6, aromatic proton signals appeared in the range of
0 6.21-790 ppm, along with a singlet at & 3.82 ppm
corresponding to a methoxy group (-OCH5) and a downfield
singlet at © 10.31 ppm attributable to a phenolic hydroxyl (-OH)
proton. Comparison with the authenticated scopoletin standard
revealed very close agreement in chemical shift values, multiplicity
and integration patterns. The reference standard showed
corresponding signals at & 3.80 ppm for the methoxy group and
© 10.33 ppm for the phenolic hydroxyl proton, indicating similar
proton environments. Minor variations in chemical shift values
may arise from solvent effects or hydrogen-bonding interactions,
which are commonly observed in phenolic coumarins. These
spectral features are consistent with previously reported 'H-NMR
data for scopoletin isolated from plant sources, where aromatic
proton signals, a methoxy singlet around & 3.83 ppm and a
phenolic hydroxyl proton near & 10 ppm were observed, thereby
supporting the identification of DA10 as scopoletin (31), as shown
in Supplementary Fig. 7 and 8.

Gas chromatography-mass spectrometry analysis: The GC-MS
analysis of the isolated compound DA10 showed a well-defined
peak with a retention time (R= 15.971 min), which was in close
agreement with that of the authentic scopoletin standard
(Re = 16.045 min). In addition, the mass spectrum of DA10
exhibited a high similarity index (95 %) when compared with the
reference library spectrum of scopoletin, supporting its structural
identity. Although the relative peak area of DA10 (74.81 %) was
lower than that of the standard, this difference is attributable to
sample concentration and matrix effects rather than structural
variation, as shown in Table 7 and Supplementary Fig. 9 and 10.

Collectively, the chromatographic and spectroscopic
analyses provide consistent and complementary evidence
supporting the identity of compound DA10. Preliminary TLC and
HPLC profiling suggested the presence of a coumarin-like
constituent in the chloroform fraction, which was subsequently
isolated as a single fluorescent compound by preparative layer
chromatography. Post-isolation HPLC spiking demonstrated

Table 7. Gas chromatography-mass spectrometry data of isolated
compound DA10 and scopoletin standard

No Compound R:(min) A% S.1 %
1 DA10 15.971 74.81 95
2 Scop.St. 16.045 100.00 99

A % = Area. R = Retention time, S.I % = Similarity Index.

complete co-elution with the authenticated scopoletin standard,
while UV-Vis, FTIR, '"H-NMR and GC-MS analyses provided
structural features consistent with a scopoletin framework.
Taken together, these findings confirm that compound DA10
corresponds to scopoletin isolated from the chloroform fraction
of Iraqi R. epapposum.

Scopoletin  has  previously been reported in
R. epapposum based on GC-MS analysis of crude methanolic
extracts, in which compound identification was primarily
dependent on mass spectral library matching without prior
chromatographic isolation or complementary spectroscopic
validation (1). In the present study, scopoletin (DA10) was
successfully isolated and purified from the chloroform fraction of
the Iragi chemotype of R. epapposum. The identity of the isolated
compound was supported by consistent chromatographic
behaviour, agreement in HPLC retention times, characteristic
UV-visible absorption features, post-isolation spiking analysis,
FTIR functional group analysis, diagnostic "H-NMR chemical shift
patterns and GC-MS analysis. Notably, GC-MS comparison
revealed a close agreement in retention time between DA10 and
the authentic scopoletin standard, accompanied by a high mass
spectral similarity index, providing confirmatory evidence for
compound identity. Differences in retention time reported in
earlier extract-based studies can be attributed to variations in
extraction procedures, fractionation steps and GC-MS
operational conditions, which are known to influence analyte
stationary phase interactions. Collectively, these findings extend
previous reports by providing the first fully integrated
chromatographic and spectroscopic confirmation of scopoletin
isolated from Iraqi R. epapposum, rather than its tentative
identification at the crude extract level based solely on GC-MS
detection.

Scopoletin is a naturally occurring phenolic coumarin,
chemically identified as  7-hydroxy-6-methoxycoumarin
(7-hydroxy-6-methoxy-2H-1-benzopyran-2-one), with
the molecular formula C,,HgO, as shown in Fig. 3 and a
molecular weight of 192.17 g/mol. It appears as an amorphous
light-yellow powder and exhibits limited solubility in water and
cold ethanol, while being soluble in hot ethanol, hot acetic acid
and chloroform and almost insoluble in benzene (32). Scopoletin
is widely distributed among plant species, where it functions as a
phytoalexin involved in plant defense mechanisms against biotic
and abiotic stresses (33). Beyond its ecological role, scopoletin
has attracted considerable scientific interest due to its broad
spectrum of biological activities, including anticancer and anti-
angiogenic effects (34), antimicrobial activities (35-39) and
neuroprotective properties (40). The successful isolation and
comprehensive characterisation of scopoletin from the Iraqi
chemotype of R. epapposum in the present study provide a
plausible chemical explanation for some of the medicinal
properties previously attributed to this species. The detection of
this bioactive coumarin underscores the phytochemical

Table 6. Proton nuclear magnetic resonance data of isolated compound DA10 and scopoletin standard (500 MHz, DMSO-ds)

Carbon atom 5 ppm of DA10 S ppm of Scop. St. Integration Multiplicity Assignment

Ce-OH 10.31 10.33 1H s Phenolic hydroxyl proton (-OH)
Co-H 7.90 7.90 1H d Aromatic H

Cuo-H 7.20 7.20 1H d Aromatic H

C-H 6.76 6.76 1H s Aromatic H

Cs-H 6.21 6.21 1H d Aromatic H

Cs-OCH; 3.82 3.80 3H s Protons of methoxy group (-OCHs)

connected to Cs
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Fig. 3. Chemical structure of scopoletin.

importance of R. epapposum and supports its potential as a
promising source for further pharmacological and biological
investigations.

Conclusion

In this study, scopoletin was successfully isolated from the
chloroform fraction of the whole plant of Iragi Rhanterium
epapposum using solvent fractionation followed by preparative
layer chromatography, with a yield of 0.013 %. The structure of the
isolated compound (DA10) was conclusively confirmed through a
combination of chromatographic and spectroscopic techniques,
including TLC, HPLC, UV-visible spectroscopy, HPLC spiking, FTIR,
'H-NMR and GC-MS analyses, showing excellent agreement with an
authenticated scopoletin standard. This work represents the first
confirmed  isolation and  comprehensive  spectroscopic
characterisation of scopoletin from R. epapposum collected in Iraq,
thereby contributing to the phytochemical profiling of the Iraqi
chemotype of this species. Given that scopoletin is a biologically
active coumarin widely reported for its anticancer, antimicrobial,
anti-inflammatory and neuroprotective properties, the confirmed
presence of this compound provides a strong chemical basis for the
traditional and potential medicinal relevance of R. epapposum.

Future studies should focus on evaluating the biological
activities of the isolated scopoletin, particularly its cytotoxic,
antioxidant, anti-inflammatory and antimicrobial potential, as well
as investigating other solvent fractions of the plant for additional
bioactive constituents. Such studies will help to further clarify the
pharmacological significance of Iraqi R. epapposum and assess its
potential as a natural source of therapeutically valuable coumarins.
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