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Abstract

The primary focus of the current study was to confirm the presence of scopoletin as a novel metabolite in Iraqi Eichhornia crassipes. Since
there are currently no studies on Iraqi E. crassipes coumarins, particularly scopoletin, in the literature survey, the aim of the current work is
to compare the effectiveness of ultrasound-assisted extraction using both a probe and a bath with the traditional extraction method
(using Soxhlet) for extracting coumarins, particularly scopoletin, from Iraqi E. crassipes flowers, leaves, stems and roots. The objective of
study was accomplished using a quick and efficient method to identify and quantify scopoletin, a bioactive compound, in 4 parts of the E.
crassipes plant. High-performance thin-layer chromatography (HPTLC) was employed to verify the presence of coumarins, including
scopoletin, in these plant parts. The findings revealed that the leaves contained the highest concentration of scopoletin (0.1876 mg/mL),
followed by the flowers (0.145 mg/mL), stems (0.1396 mg/mL) and the roots, which had the lowest concentration (0.089 mg/mL). The
leaves were extracted using ultrasound-assisted extraction (UAE), resulting in the most significant yield of scopoletin. Silica gel column
chromatography was used to isolate and purify coumarins (scopoletin) from E. crassipes leaves. Finally, the melting point of the extracted
compound (scopoletin) was measured and it was confirmed and characterized by several techniques, which include liquid chromatography/
mass spectroscopy (LC/MS), *H nuclear magnetic resonance spectroscopy (NMR), Fourier transforms infrared spectroscopy (FT-IR) and
measuring the melting point.

Keywords: Eichhornia crassipes; high-performance thin layer chromatography (HPTLC); scopoletin; ultrasound-assisted extraction
(UAE)

Plant extracts contain flavonoids, tannins, alkaloids and
phenols, which have biological qualities like antiviral,
antifungal, anticancer and antibacterial effects. Water hyacinth
has a large concentration of cytotoxic qualities, tissue healing,
non-enzymatic antioxidant processes and oxidative enzymes
(9). Because of its capacity to grow in contaminated water and
absorb heavy metals, it has been employed as a
phytoremediation agent for wastewater treatment (10).
Additionally, it has been contemplated as a possible source of
biofertilizers and bioenergy (11, 12). Internal worms, diarrhea,

Introduction

Numerous plants, fungi and microbes contain the secondary
metabolite family called coumarins. Coumarins are classified
into 3 primary classes based on their biosynthesis pathways:
the phenylalanine metabolic pathway, the cinnamic acid
pathway and the shikimate acid pathway (1). One common
member of the coumarin family is 7-hydroxy-6-methoxy
coumarin, known as scopoletin (2). In vitro pharmacological
activity of scopoletin (SPT) has been documented,
encompassing antibacterial, antifungal, antitubercular and

antihypertensive characteristics (3-6).

Eichhornia crassipes, commonly known as water hyacinth,
belongs to the Pontederiaceae family and is a free-floating
aquatic monocotyledonous plant. Native to Brazil and the
Amazon basin, it has spread widely across tropical and
subtropical regions (7). The plant is known for its rapid
growth, widespread dispersal and resilience in pH, nutrients
and temperature variations. Therefore, the International
Union for Conservation of Nature has listed it among the 100
most aggressive invasive species and is considered one of the
ten worst weed plants worldwide (8).

digestive issues and flatulence are among the gastrointestinal
conditions the herb has historically used to cure. Furthermore,
the beans were utilized to ensure a healthy splenic function
(13).

The current study's goals are to evaluate the qualitative
and quantitative determination of scopoletin in the 4 parts
(flowers, leaves, stems and roots) of the widely grown Iraqi E.
crassipes and offer scientific insight into which part has the
higher concentration of scopoletin, which will benefit herbal
consumers and the nutraceutical industry.
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Materials and Methods
Collection and authentication of plant

Four fresh parts (flowers, leaves, stems and roots) of Iraqi E.
crassipes were collected in April 2024 from the Euphrates River
in Karbala Governorate. These were identified, confirmed and
authenticated by the taxonomist of Department of Biology,
college of Science/University of Baghdad, at BUH No. 50777.

Extraction procedure

The extraneous materials were removed initially from
flowers, leaves, stems and roots of the Iragi E. crassipes,
followed by drying, grinding and weighing processes before
starting the extraction procedure.

The extraction procedure, Fig. 1, involved 2 methods:
method A, which is the conventional and classical method
using Soxhlet and method B, which is a non-conventional and
fast method using ultrasound-assisted extraction (UAE).

Method A: This method was conducted by subjecting
approximately 250 g of each grounded part of water hyacinth
(flowers, leaves, stems and roots) to extraction using a Soxhlet
apparatus and 85 % methanol as a solvent. Each part's crude
methanol extract has been filtered, concentrated under
reduced pressure and suspended in distilled water. After
partitioning each fraction with petroleum ether (BP, 60 - 80 °C),
chloroform, ethyl acetate and finally n-butanol, 500 mL was
used per fraction. The procedure was executed thrice.
Subsequently, the initial 3 fractions from each plant part were
dried over anhydrous sodium sulfate, filtered and evaporated
to dryness under reduced pressure utilizing a rotary
evaporator, weighed and designated for further analysis.
Fig. 2 illustrates the fractionation procedure of crude extracts
from methanolic flowers, leaves, stems and roots (14, 15).

Method B: The UAE method was achieved using 85 %
methanol as a solvent and a probe and bath ultrasonicator
UAE was carried out. The intricacy of the herbals' chemical
makeup and the components' affinities for many variable
parameters necessitated the selection of an appropriate ideal
condition through several experiments to compare the UAE
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(probe and bath) and Soxhlet extraction methods equally
(16).

The UAE was conducted under the subsequent experimental
conditions:

The probe ultrasonicator operates at a temperature of
25 °C for 20 min, utilizing a solvent-to-solid ratio of 8:1 mL/
gm, a sonication frequency of 20 KHz and a power output of
60 watts.

The ultrasonic waves in a bath ultrasonicator pass
through the glass before contact with plant material. The
sonication frequency is 60 kHz and the power is 60 watts. The
temperature is 50 °C, 60 min in time, the solvent-to-solid ratio
is 8:1 mL/gm and the sonication frequency is 60 kHz.

The present study employed both instruments to
investigate the impact of direct and indirect ultrasonic wave
contact on extracting 4 components of the Iraqi E. crassipes
plant. Using the same schematic procedure as the usual
method (Soxhlet), the crude methanolic extract was filtered,
concentrated, suspended in distal water and partitioned.
Afterward, each plant part's fraction was dried, weighed and
designated for additional examination (17-19).

Phytochemical examination of different extract fractions: The
plant may be considered as biosynthetic laboratory stock for
constituents like coumarins (scopoletin); for checking the
presence or absence of this bioactive constituent, the extract
fractions of different plant parts were subjected to conflict of
analysis by thin layer chromatography (TLC) technique. TLC
aims to validate the identity of a compound within a mixture
by comparing its Rr value to that of a reference compound to
obtain clearly delineated and distinctly differentiated spot
locations. TLC was conducted by using readymade aluminum
foil plates of silica gel GF254, UV light detector at wavelength
366 nm, reference sample of scopoletin (Biopurify, China) in
comparison with 3 different developing solvent systems S1-3,
S1 = di-chloromethane: ethyl acetate (2:1), S2 = toluene:
ether: saturated with acetic acid 0.1 % (5:5) and S3 = ether:
benzene (1:1) (20).
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Fig. 1. The fractional method of crude methanolic flowers, leaves, stems and root extracts of E. crassipes.
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Fig. 2.TLC chromatogram of F2 for 4 parts of E. crassipes using silica gel GF254 nm as adsorbent.

* S3 = ether: benzene (1:1), S2 = toluene: ether: saturated with acetic acid 0.1 % (5:5) and S1 = di-chloromethane: ethyl acetate (2:1) as a mobile
phase for A, B and C respectively. Detection by UV light at 254nm for | and 366 for II. LF2= leaves chloroform fraction, RF2 = roots chloroform
fraction, Scop St = scopoletin standard SF2 = stems chloroform fraction, FF2= flowers chloroform fraction.

Qualitative and quantitative estimation by high-performance
thin layer chromatography (PHTLC): With a Camag Linomat 5
Microliter Syringe (Switzerland) 8.0 mm in width, the solution
was spotted into bands of 8.0 mm width on a silica gel glass
plate 60F254 (size 20 x 10 cm, thickness 250 m; E.Merck KJaA).
The constant application volume was 4 L and 3.3 mm was the
space between the 2 bands. The slit size was maintained at
4.0 mm by 0.3 mm, with a scanning speed of 20 mm/s. Each
sample was subjected to 3 scanning iterations and baseline
correction was applied. The mobile phase utilized was a
mixture of dichloromethane and ethyl acetate in a volume
ratio of 2:1 (v/v), with 10 mL of this mobile phase employed
for each chromatography run.

Linear ascending development was conducted in a 20 cm
x 10 ¢cm automatic developing chamber (Camag, ADC 2)
saturated with Whatmann No. 1 filter paper in the mobile
phase. The optimal chamber saturation duration for the
mobile phase was 5 min at ambient temperature (25 °C + 2)
and relative humidity of 50 % + 5. The chromatogram run
measured 7.5 cm in length. After scanning, the TLC plates
were dried for 5 min using an air dryer. Densitometry
scanning was conducted using a Camag TLC scanner in
reflectance absorbance mode at 366 nm, driven by Win CATS
software with a tungsten light, all accomplished at Baghdad
College of Pharmacy (21).

The quantitative determination of scopoletin was
conducted utilizing a calibration curve, wherein a series of
diluted solutions (0.5, 0.25, 0.125, 0.0625 mg/mL) were
generated from a scopoletin standard stock solution (0.5 mg/
mL) (22).

Isolation and purification of proposed scopoletin by
silica gel column chromatography

Column chromatography was performed on the chloroform
fraction (F2) and ethyl acetate fraction (F3) of the leaves
produced from probe ultrasonic-assisted extraction, utilizing
a glass column (50 cm x 2 cm) packed with silica gel slurry. A
perforated filter paper disc was positioned at the top of the
column, followed by an approximately 0.5 cm layer of sea
sand and then another perforated filter paper disc. Two
grams of the samples (F2 + F3) were dissolved in 10 mL of
ethanol and placed at the top of the column.

The column was eluted by gradient elution technique
using methanol: chloroform 4 %, 6 % and 8 % as a mobile
phase to obtain 3 fractions, FA, FB and FC. FA was further
chromatographed using a column of silica gel and eluted
successively with 4 % methanol: chloroform solvent for
further purification.

After re-dissolving the isolated chemical in hot methanol
and allowing it to crystallize for 4 - 5 hr in the refrigerator, a
pale-yellow crystal was produced after filtration (23).
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Spectral identification of the isolated compound : The spectral
identification was done by using the following instruments:

Liquid chromatography/ mass spectroscopy (LC/MS)
[Shimadzu-Japan], Fourier transforms infrared (FT-IR)
spectroscopy [Jusco-Japan] and 'H nuclear magnetic
resonance spectroscopy (300MHz for tH-NMR) analysis [Euro-
vector EA 3000A-Italy].

Results and discussion
Comparison of yield extracted fractions

Conventional techniques of phytochemical extraction have
been associated with a high consumption of organic solvents,
which limits the application of bioactive extracts due to
solvent toxicity. Long-term extraction is required, which
involves high energy consumption, causing an incremental
cost. All these reasons lead to the implementation of
nonconventional extraction technologies, such as ultrasound
-assisted extraction methods (24, 25).

The extraction yields attributed to the UAE depend on a
series of factors that modulate the effectiveness of this
extraction technique. Still, they also affect their efficiency as a
sustainable procedure, aiming at the achievement of the
lowest consumption of energy and non-renewable resources.
These parameters can be classified into 3 groups, according
to their nature, physical parameters (sonication frequency
and power output) and those related to medium and matrix
effects (temperature, time and the solvent-to-solid ratio) (26,
27). Therefore, the validated optimized conditions were

conducted in this study (28).

Tables 1, 2 and 3 compare the percentage yields of the 3
extraction techniques under the optimized conditions. The
results indicate that probe UAE yielded the highest extraction
fraction, followed by Soxhlet extraction, whereas bath UAE
generated the lowest percentage yield. The advantage of
probing UAE is enhanced due to the decreased extraction
time and reduced solvent use (28).

In this study, scopoletin was considered due to its interesting
bioactive characteristics such as antibacterial, antifungal,
antiparasitic, anticancer, anti-inflammation, hepatoprotective,
antihyperlipidemic, antidiabetic, neuroprotective, antioxidant,
anti-angiogenesis, anti-hypertensive, analgesic, anxiolytic,
immunomodulatory, anti-osteoporosis, anti-allergic, anti-aging
and anti-gout activities. Additionally, it has importance in the
industrial field, for example, it can be used as an electro
monomer in the synthesis of polymers (29).

Phytochemical screening by TLC: Based on TLC analysis of
extract fractions obtained from 4 parts of Iraqi E. crassipes, a
single hydroxycoumarin, C1, has been detected in the
chloroform fraction (F2) as well as the ethyl acetate fraction
(F3) in all studied plant parts (flowers, leaves, stems and
roots).

In all of these developing solvent systems, C1
appeared as a single compact spot with the same color and Rt
value as scopoletin standard on TLC plates, detected with UV-
light at 254 nm and 366 nm, as shown in Fig. 2 and 3.

Table 1. Percentage yield difference of extract's content of different parts for Iraqi E. crassipes by Soxhlet extraction method

Fractions Flowers extracts Leaves extracts Stems extracts Roots extracts
Crude extracts 16.17% 18.66 % 10.22 % 12.94%
Petroleum ether fraction F1 3.4% 42% 1.28% 2.12%
Chloroform fraction F2 2.59 % 2.7% 1.57 % 2.33%
Ethyl acetate fraction F3 3.94 % 4.25% 2.15% 2.75%
n-butanol fraction F4 3.18% 4.5% 2.4% 2.87%
Table 2. The difference in yield percentages of extract's content of different parts for Iraqi E. crassipes by probe UAE method
Fractions Flowers extracts Leaves extracts Stems extract Roots extracts
Crude extracts 18.63 % 20.76 % 11.97% 15.58 %
Petroleum ether fraction F1 3.68% 4.52% 1.52% 2.76 %
Chloroform fraction F2 2.85% 3.08% 1.92% 2.88%
Ethyl acetate fraction F3 431% 4.72% 2.56 % 3.37T%
n-butanol fraction F4 3.72% 4.91% 2.74 % 3.55%
Table 3. Difference in yield percentages of extract’s content of different parts for Iraqi E. crassipes by bath UAE method
Fractions Flowers extracts Leaves extracts Stems extract Roots extracts
Crude extracts 13.95% 16.59 % 8.59 % 10.87 %
Petroleum ether fraction F1 2.98 % 3.76 % 1.14% 1.92%
Chloroform fraction F2 2.10% 2.29% 1.23% 2.06 %
Ethyl acetate fraction F3 3.37% 3.93% 1.98 % 2.27%
n-butanol fraction F4 2.86 % 4.07% 2.05% 2.30%

*S1=di-chloromethane: ethyl acetate (2:1), S2 = toluene: ether: saturated with acetic acid 0.1 % (5:5) and S3 = ether: benzene (1:1).
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For the chloroform fraction, R values of C1 and its
corresponding standard (scopoletin) were calculated and
presented in Table 4, while for the ethyl acetate fraction, Rf
values are presented in Table 5.

Results illustrated in Fig. 3 and Table 5 indicate that TLC
analysis has shortcomings: C1 was not detected in the ethyl
acetate fractions (F3) of either the stems or the roots due to
low resolution, low sensitivity and the challenge of detecting
trace components (30).

Qualitative and quantitative estimation by HPTLC: To
investigate extraction efficiency, efficacy and reproducibility,
2 optimally conditioned UAE techniques and the traditional
Soxhlet method were used. Extraction yield percentage was
used as a key metric to compare the performance of the
different extraction techniques. Following extraction, the

fractions obtained from the flowers, leaves, stems and roots of
Iraqi E. crassipes were subjected to HPTLC analysis to identify
and quantify a putative active constituent, designated as C1.

HPTLC, an advanced form of thin layer chromatography, is
effective for both qualitative and quantitative analysis. When
the sample is administered automatically, the droplet size
variation that could happen when the sample is applied
manually is avoided and the resolution is increased by
obtaining more accurate qualitative and quantitative
measurements through automation in various processes (31).

Qualitative and quantitative HPTLC analysis for the
analyzed fractions of 4 plant parts that were obtained by UAE
(probe and bath) and Soxhlet revealed the presence of Clin 4
plant parts (fruits, leaves, stems and roots) was performed
using a mixture of equal portions of the chloroform (F2) and

Scop St RF3 SF3

FF3 LF3 Scop$: RFS srs'

(B)

Fig. 3. TLC chromatogram of F3 for four parts of E. crassipes using silica gel GF254nm as adsorbent * S2 = toluene: ether: saturated with acetic
acid 0.1 % (5:5), S3 = ether: benzene (1:1) and S1 = dichloromethane: ethyl acetate (2:1) as a mobile phase for A, B and C respectively.
Detection by UV light at 254nm for | and 366 for Il. LF3= leaves ethyl acetate fraction, RF3 = roots ethyl acetate fraction, Scop St = scopoletin
standard SF3 = stems ethyl acetate fraction, FF3=flowers ethyl acetate fraction.

Table 5. Rf value of C1 obtained from ethyl acetate fraction of 4 parts of Iraqi E. crassipes compared to scopoletin standard in different devel-

oping solvent systems

d Clin flowers ethyl Clin leaves ethyl

Cl1in stems ethyl Clin roots ethyl

Solvent systems Scopoletin standar acetate fraction  acetate fraction acetate fraction acetate fraction
S1 0.746 0.745 0.746 Undetected Undetected
S2 0.306 0.305 0.306 Undetected Undetected
S3 0.367 0.366 0.367 Undetected Undetected

*S1 = di-chloromethane: ethyl acetate (2:1), S2 = toluene: ether: saturated with acetic acid 0.1 % (5:5) and S3 = ether: benzene (1:1).
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ethyl acetate (F3) fractions to get the highest possible
concentration of C1 (scopoletin) which were obtained by 3
different extraction methods (probe UAE, bath UAE and
Soxhlet).

As shown in Fig. 4 - 7, qualitative identification was
performed by comparing the maximum (R value and UV
spectrum of C1 of each part of the plant with its corresponding
scopoletin standard.

In order to construct the calibration curve for
quantification measures, the area under the curve (AUC) was
plotted against 4 concentration levels of the scopoletin
standard. The analyte concentration was determined using
the linear regression equation derived from the calibration
curve in each section of the E. crassipes plant, as shown in
Fig. 8.

The quantitative concentration of C1 (scopoletin) in mixed
F2 + F3 fractions showed that the leaves had the highest
concentration, followed by the flowers, stems and roots had
the lowest. The elevated levels of scopoletin in the leaves of
Iraq Eichhornia crassipes may be ascribed to the presence of
biochemical components deemed crucial for synthesizing
this secondary metabolite's building blocks.

In Table 6 and Fig. 9, the probe UAE shows the highest
concentration, followed by Soxhlet and, finally, the bath UAE.

Isolation and purification of scopoletin (C1) by silica gel
column chromatography

One hundred fractions obtained from silica gel column
chromatography of leaves mixed (F2 + F3) fraction probe UAE
(highest quantity) were monitored by HPTLC. After successive
elution with gradient solvent methanol: chloroform (4 %, 6 %
and 8 %), the consecutive fractions that have the same
number of spots and the same Rf values were collected
together to get 3 sub-fractions (FA, FB and FC). The results
showed that FA (fractions numbered 1 - 40) gave a spot
similar to that of the scopoletin standard when checked by
TLC, as shown in Fig. 10(1).

FA was chromatographed again for further purification
using 4 % methanol: chloroform as a solvent to give C1 based
on TLC results, as shown in Fig. 10(1l).

6

Identification, characterization and structural elucidation
of C1

The identification and characterization of white needles
isolated C1 constituent was done by using the following
techniques:

A- Melting point: One physical characteristic that provides
valuable information and aids in identifying the sample and
its purity is the melting point (32). The isolated C1 constituent
had a melting point of 204 °C - 205 °C (with decomposition)
compared with standard scopoletin, which has a melting
point of 200 °C - 207 °C (with decomposition).

B- FTIR: A useful technique for characterizing and elucidating
the structure of components or functional groups found in
unknown compounds of plant extracts is Fourier transform
infrared spectroscopy (FTIR). Pure constituents' FTIR spectra
are typically sufficiently distinct that they resemble molecular
fingerprints (33). The FTIR spectroscopy was carried out for
the identification and characterization of isolated C1
compared with the scopoletin standard, as shown in Fig. 11.

The IR spectrum of isolated Cl1 showed the
characteristic band frequencies reported for scopoletin
standard as listed in Table 7.

C- Nuclear magnetic resonance (NMR) spectroscopy: It is a highly
developed and potent analytical method for determining the
structures of organic compounds and identifying molecular
interactions. It is generally accepted to be the most effective
approach. For isolated C1, the results demonstrated that the
NMR spectral data were quite similar to those found in
scopoletin literature as shown in Fig. 12 and Table 8 (34-37).

D- LC/MS: The isolated C1 ingredient, obtained using silica gel
column chromatography, was further characterized and its
structure was clarified using this technique. The [M + H] + ion
with m/z 193 was chosen as a precursor ion from the full scan
mass spectra of C1. The results of the product ion scan mode
reveal that the most abundant fragment was recorded at m/z
132, which consistently showed as [M+H-CH3-CO-OH] +, as
shown in Fig. 13. These LC/MS results were all quite similar to
those for scopoletin that were published in the literature
(38, 39).

{| Scop St 366nm
(
i
|

. (2] w (] ) (3] =

Start Start Max  Max Max End End
Peak Rf Height Rf Height % Rf  Height Area Assigned substance
1 0.48 79 055 3301 7593 060 23 10352.3 Scopoletin standard

Fig. 4. Standard HPTLC chromatogram for scopoletin.
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Fig. 5. HPTLC chromatogram of C1 in mixed F2+F3 fraction of 4 parts of E. crassipes plant by UAE probe method. A = flowers, B = leaves, C =

stems, D = roots.
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Fig. 7. HPTLC chromatogram of C1 in mixed F2+F3 fraction of 4 parts of E. crassipes plant by Soxhlet extraction method. A = flowers,
B = leaves, C = stems, D = roots.
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Fig. 8. Calibration curve of scopoletin on HPTLC.

Table 6. Quantitative analysis of scopoletin (C1) in each part of Iraqi E. crassipes by HPTLC

Part of plant Concentration mg/mL by probe UAE Concentration mg/mL by bath UAE Concentration mg/mL by Soxhlet

Flowers 0.145 0.0762 0.105
Leaves 0.1876 0.08 0.114
Stems 0.1396 0.0605 0.086
Roots 0.089 0.05 0.076

Scopoletin Standard 2t apparatus
1 2 3 4 14 15 16

Fig. 9. HPTLC, track 1-4 = scopoletin standard and tracks 5-16 = mixed F2 + F3 fraction obtained by bath UAE, probe UAE and Soxhlet methods
tracks for stems, leaves, flowers and roots respectively in each track detected at 366nm UV light.
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Fig. 10. TLC chromatogram of: | = fractions (FA, FB, FC) and Il = purified fraction A, compared to scopoletin standard (Scop St) obtained from
silica gel column chromatography using S3 [ether: benzene (1:1)] as a mobile phase and detected by 366nm UV light.
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Fig. 11. FTIR spectra of A=isolated C1 and B = scopoletin standard.
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Table 7. Characteristic FTIR absorption bands (cm?) of the isolated C1 constituent (23)

12

Functional group

Group frequency wave number (incm™)

Main attributed

Isolated C1 Scopoletin standard
Phenol O-H 3340.1 3339.14 O-H stretching vibration
C=C-H 3019.98 3028.66 C=C-H stretching of aromatic ring
C-H 2948.63 2947.66 Asymmetric and symmetric stretching of CH2
Cc=0 1703.8 1702.84 C=0 stretching vibration
Cc=C 1608.34, 1566.88 1608.34, 1569.68 C=C stretching of aromatic ring
O-H 1434.78 1434.78 O-H bending of carboxyl group
Ar-C-O 1291.11 1292.28 Ar-C-O stretching of phenol
O-H 1263.15 1262.18 0-H bending of phenol group
Ar-C-0-C 1218.79 1217.97 Ar-C-O-C stretching of ether
C-H 1019.19 1018.18 C-H in plane bending of aromatic ring
Cc=C 922.71 921.99 C=C out plane bending vibration
C-H 862,791,666 864,792,665 Benzene ring C-H out plane bending vibration
O
O O OH
C1 .
W A o
— |
1 15 14 13 12 11 10 & 7 € S 4 3 2 1 © ppm
=) [=l=] 5l ke

Fig. 12. *H-NMR spectrum of C1.
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Table 8. Assignment of 'H-NMR spectral data of C1

13

Ppm Integration Multiplicity Assignment
8.46 1H Singlet broad O-H
7.86 1H Doublet C4-H
7.15 1H Singlet C5-H
6.72 1H Singlet C8-H
6.16 1H Doublet C3-H
3.79 3H Singlet 0O-CHs
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Fig. 13. Representative full scan product ion LC chromatogram and mass fragmentation spectra of isolated C1.

Conclusion

The study findings indicate that probe UAE use is significantly
simpler and more effective than traditional Soxhlet and bath
UAE extraction procedures for extracting scopoletin from the
flowers, leaves, stems and roots of the Iraqi E. crassipes plant.
HPTLC enabled identification and quantification of scopoletin
by comparing sample retention factor (Ry) values with those
of authenticated standards. Scopoletin was detected in the
chloroform and ethyl acetate fractions derived from all 4
plant parts. Spectral analyses including FTIR, *H-NMR and LC-
MS confirmed that the isolated compound (C1) is chemically
identical to standard scopoletin.
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