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ABSTRACT

Objective: The aim of our study was to investigate chemical constituents of leaves of Chenopodium murale since no phytochemical investigation had
been done previously in Iraq.

Methods: Leaves of C. murale were macerated in absolute methanol for 2 days and fractionated by petroleum ether, chloroform, ethyl acetate,
and n-butanol. The ethyl acetate fraction was analyzed by high-performance liquid chromatography (HPLC) and high-performance thin-layer
chromatography (HPTLC) for its phenolic acid and coumarins contents. Coumarin derivative and phenolic acid were isolated from this fraction and

identified by gas chromatography/mass spectrometry, infrared, ultraviolet, HPLC, and HPTLC.

Results: The different chromatographic and spectroscopic results revealed the presence of gallic acid and coumarin.

Conclusion: The results of the current study showed the presence of scopoletin and gallic acid in the ethyl acetate fraction of C. murale.

Keywords: Chenopodium murale, Coumarins, Phenolic acid, High-performance liquid chromatography, High-performance thin-layer chromatography.
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INTRODUCTION

Chenopodiastrum murale [1] (Syn. C. murale) is a species of plant in
them amaranth family known by the common names nettle-leaved
goosefoot [2], Australian-spinach, salt-green, and sowbane [3].
This plant is native to Europe and parts of Asia and Northern
Africa, but it is widespread worldwide, particularly in tropical
and subtropical areas due to its being easily introduced [3]. This
plant belongs to the family Chenopodiaceae also called as goosefoot
family that contains about 102 genera and 1400 species of
annual and perennial herbs and shrubs scattered throughout the
world [4]. The genus Chenopodium consists of 200 species [5]. The
importance of Chenopodium species is due to their wide variety of
medicinal properties. Plants belonging to this genus are reported
to have wide applications in folk medicines, as an anthelmintic,
stomachic, antispasmodic, diaphoretic, emmenagogue, for the pain
of amenorrhea, as an abortifacient and for the relief of asthma,
catarrh, and migraine [6,7]. Some flavonoids isolated from C. murale
showed antihypertensive activity [8]. Various Chenopodium
species have been reported to have anthelmintic properties [9].
Chemical studies of members of this genus have been concerned
with essential oils [10,11]; a wide variety of flavonoids [12-14];
sterols and steroidal estrogens like substances [15,16]; and
alkaloids and coumarins [17,18]. Four flavonol glycosides, three
aglycones, and one coumarin were isolated from the aerial parts
of C. murale. One of the glycosides, kaempferol 3-rhamnoside-7-
xylosyl(1—2)-rhamnoside, is new. The other known compounds
include kaempferol, its 7-rhamnoside, 3-rhamnoside 7-glucoside
and 3,7-dirhamnoside, herbacetin, quercetin, and scopoletin [19].
C. murale leaves are a source of Vitamins A and C, and calcium of all
the Chenopodiaceae, C. murale, was found to have the highest levels
of oxalic acid, which leads some to recommend that it be eaten in
moderation (similar to spinach) [20].

Scopoletin is a derivative of coumarin [21], it is a benzopyran in nature,
and its chemical name is 7-hydroxy-6-methoxycoumarin [22,23].

Scopoletin possesses antioxidant property and scavenged superoxide
anion in the xanthine/xanthine oxidase reaction system in a
concentration-dependent manner [24]. Scopoletin has hypotensive
effect [25]. It also shows antidepressant, angiogenic, and antifungal
activity [26-29]. Scopoletin is coumarin derivative and coumarin is
reported for hypoglycemic activity.

Accumulation of scopoletin has been correlated with resistance to
microbial attack and other stresses, such as mechanical injury and
dehydration [30]. Scopoletin often seems to be the most important
product rising in concentration in the infected plant as compared to
other related coumarins and coumarin glycosides such as scopolin (the
glycoside of scopoletin), esculetin, and esculin [31-33]. In the certain
types of cancer, scopoletin inhibited proliferation of certain cancer
cells by inducing apoptosis [34,35]. Scopoletin was found to inhibit
hepatic lipid peroxidation and increased the activity of antioxidants,
superoxide dismutase, and catalase. A few studies suggested that
scopoletin might benefit those at risk of high cholesterol, triglyceride,
and glucose levels [36]. Its major unwanted side effect of scopoletin
probably is increased bleeding time [37]. Furthermore, scopoletin
was reported for its interesting pharmacological activities which were
antithyroid, antihyperglycemic, immunomodulatory effect on tumoral
and normal lymphocytes, antiproliferation, vasorelaxant, antipyretic,
antiplatelet aggregation, antidiabetes, applications in cardiovascular
disease, neuroprotective, antimicrobial, anti-inflammatory, inhibition
the release of prostaglandin E2, and suppressed the expression of
cyclooxygenase-2 [38]. Gallic acid elicits several interesting and
various biological responses, such as antibacterial, antifungal, anti-
inflammatory, antiviral, anticancer, antioxidant, antimutagenic, and
antidiabetic activities. Due to these biological activities, gallic acid could
be a good lead compound for new drug development [39].

The main objective of this study was to investigate the coumarin and
phenolic acids contents of C. murale cultivated in Iraq since there were
no previous studies concerning the Iraqi species and also to isolate
them from ethyl acetate fraction of cold method.
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METHODS

Collection of plant materials

C. murale was obtained from garden of the Department of
Pharmacognosy, College of Pharmacy, University of Baghdad. The
plant was identified and authenticated by Professor Dr. Sokaena Abass,
Department of Biology, College of Sciences, University of Baghdad.
A voucher sample was kept at the Department of Pharmacognosy,
College of Pharmacy, University of Baghdad.

Equipment and chemical

The instruments used were rotary evaporator (BUCHI Rotavapor
R-205, Swiss), sonicator (Baranson Sonifier, USA), high-performance
liquid chromatography (HPLC) (ShimadzulOAV-LC, Japan), and high-
performance thin-layer chromatography (HPTLC) (Eike Reich/CAMAG-
Laboratory, Switzerland). All chemicals and solvents used were of
analytical grade and obtained from Riedel-de Haen, Germany, except
trifluoroacetic acid, and methanol which are HPLC grade purchased
from Sigma-Aldrich, Germany. The standard scopoletin and gallic acid
were purchased from Chengdu Biopurify Phytochemicals, China (purity
>97). Thin-layer chromatography (TLC) aluminum plates pre-coated
with silica gel 60 F 254 (100 mmx100 mm, 0.2 mm thick) used were
obtained from E. Merck Ltd., India.

Extraction

Leaves of C. murale were thoroughly washed and dried on the shade.
The dried plant was powdered in a mechanical grinder. 300 g of leaves
powders of C. murale were macerated in methanol for 2 days and
filtered, and the filtrate was evaporated to dryness under vacuum
using rotary evaporator. 10 g of the residue was suspended in water
and subsequently fractionated by partitioning with petroleum ether,
chloroform, ethyl acetate, and n-butanol (100 ml x3) for each fraction.
The first three organic layers were dried over anhydrous sodium
sulfate, filtered, and evaporated to dryness.

Preparations of standards and samples for analysis

Standard solutions for HPLC of scopoletin and gallic acid were prepared
by dissolving 0.04 mg in 1 ml of methanol HPLC grade. Dried samples
were prepared for HPLC analysis by dissolving them in methanol and
subjecting them to ultrasonication at 60% duty cycles for 25 minutes
at 25°C followed by centrifugation at 7500 rpm for 15 minutes. The
clear supernatant of each sample was evaporated under vacuum. The
residues were resuspended individually, in 1 ml of methanol HPLC
grade, homogenizing using vortex mixer, and passing them through
2.5 pum disposable filter, and stored at 4°C for further analysis. 20 pl
of the sample was injected into HPLC system for analysis. Standards
used for HPTLC analysis (scopoletin and gallic acid) were prepared by
dissolving 1 mg of each standard in 1 ml methanol, while the samples
were prepared by dissolving few milligrams from each sample in 1 ml
methanol.

Preliminary phytochemical investigation
Test for flavonoids

Few milligrams of the ethyl acetate fraction were suspended in ethanol
and few drops of 5% ethanolic KOH were added, and then, few drops of
5% HCl were added. The changes in colors were recorded.

Test for coumarins

In a small test tube, few milligram of plant extract was covered with
filter paper moistened with 1 N NaOH. The test tube was placed for few
minutes in a boiling water bath. After removing the filter paper, it was
examined under ultraviolet (UV) light; yellow florescence indicated the
presence of coumarins [40].

Test for phenols

Few milligrams of methanol plant extract were treated with few drops
of 1% FeCl,. Formation of dark greenish-blue color indicates the
presence of phenols.
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Isolation of coumarin and phenolic acid derivative by preparative
TLC

A coumarin and phenolic derivative was isolated by preparative TLC,
utilizing ethyl acetate fraction.

Preparation of stationary phase

Readymade silica gel GF,., plates with a layer thickness of 0.5 mm
dimension 20x20 cm. The plates were reactivated by heating in the
oven at 120°C for 15-20 minutes, left to cool, and used for application
after allocation of the baseline and the solvent front.

Preparation of mobile phase (solvent system)

The constituents of the mobile phase for coumarin
(chloroform:acetone:formic acid - 75:25:16.5 V/V) and for phenolic
acid butanol:acetic acid:water (4:1:5 V/V) were mixed in a conical flask
and introduced in the jar. The jar was lined with a filter paper, closed
tightly, and left for saturation.

Application of sample
About 1 g of the sample was dissolved in absolute ethanol and applied
on the baseline of TLC plates using a capillary tube.

Detection of separated spots

Detection was done by examination under UV light with two wave
lengths, namely, 254 and 366 nm. The purity of each band was
checked by analytical TLC till single spot on TLC plate is obtained for
identification with reference standard.

HPLC analysis

HPLC technique (Shimadzu 10AV-LC) was applied for the detection of
different constituents found in the ethyl acetate fraction as coumarins,
flavonoids, and phenolic acids using a mobile phase composed of
0.05% trifluoroacetic acid in deionized water (Solvent A), and Solvent B
was 0.05% trifluoroacetic acid in methanol pH 2.5, gradient program
from 0% B to 100% B for 15 minutes with flow rate 1.2 ml/ min,
wavelength 280 nm, and a column nucludar C-18-DB, 3 um particle size
(50x20 mm ID).

HPTLC analysis

Ethyl acetate fraction was analyzed also for its coumarins, flavonoids,
and phenolic acids contents utilizing HPTLC (Eike Reich/CAMAG-
Laboratory, Switzerland), using silica gel GF,,, plates developed in a
mobile phase composed of chloroform:acetone:formicacid (75:25:16.5)
examined at 280 and 366 nm wavelength.

Identification of isolated coumarin and phenolic derivatives
The isolated coumarin and phenolic derivatives were identified by
different spectroscopic and chromatographic techniques listed below:
¢ Gas chromatography/mass spectrometry (GC/MS): The GC/MS
instrument used was GC/MS-QP 2010 ultra: SHIMADZU/GC GC 2010
Plus.
¢ Conditions used for GC/MS analysis are the followings:
¢ Column temperature: 50.0°C
e Injection temperature: 280.0°C
¢ Injection mode: Split less
¢ Sampling time: 1 minute
¢ Flow control mode: Pressure
e Pressure: 100.0 kPa
¢ Column flow: 1.2 ml/min
¢ Linear velocity: 45.4 cm/s
¢ Purge flow: 3.0 ml/min.
¢ Infrared (IR): IR spectra for coumarin was recorded in KBr disk, the
range of scanning 4000-400 cm™
e UV: Few milligrams of scopoletin were dissolved in 1 ml absolute
methanol, and its UV absorbance was scanned from 200 to 400 nm
e HPLC: As listed before
e HPTLC: As listed before.
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Fig. 1: High-performance liquid chromatography chromatogram
of ethyl acetate fraction
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RESULTS

Preliminary examination of the ethyl acetate fraction results is shown
in Table 1.

The HPLC results of analyzed ethyl acetate fraction show the presence
of the listed compounds according to their retention times shown in
the Table 2 and their chromatograms in Fig. 1 compared with that of
standard scopoletin and gallic acid shown in Figs. 2 and 3, respectively.

HPTLC results are shown in Fig. 4. Preparative TLC chromatograms
used for isolation of coumarin are shown in Fig. 5. Preparative
TLC chromatograms for phenolic compounds are shown in Fig. 6.
HPTLC plates used for isolation of coumarin are shown in Fig. 7.
HPTLC chromatogram (a) at 366 nm and (b) at 254 nm.

HPTLC chromatogram for isolated phenolic compounds is shown in Fig. 8.

GC/MS chromatogram of the isolated coumarin
The mass peak of the compound was at 192 m/z.

GC/MS chromatogram of the isolated coumarin and its mass
fragmentation are shown in Figs. 9 and 10, respectively.
GC/MS chromatogram of isolated phenolic compound and its mass
fragmentation are shown in Figs. 11 and 12, respectively.

IR spectroscopy
The IR spectral analysis of the isolated coumarin showed the peaks at
3333.10,2947.33,1697.41, 1606.76, 1508.38, and 860.28 cm™.

Table 1: Preliminary examination of the ethyl acetate fraction
for phenols, flavonoids, and coumarin

Part used Fraction Phenols Coumarins Flavonoids
Leaves Ethyl + + +
acetate

Table 2: Retention time in minutes of standard coumarins and
phenolic acids

Standard material Retention time

Fig. 3: High-performance liquid chromatography chromatogram
standard of gallic acid

Scopoletin 7.2
Gallic acid 3.8

Start Start Max  Max Max End End
Beai . i MR e, WMex  OMEna Peak Rf _ Height Rf _ Height % Rf __Height
] .18 42 024 1256 700 026 1148 1 0.20 0.8 0.24 98.0 10.22 0.25 81.1
2 026 1150 0.28 290.1 16.15 0.33 520 2 Q2. 8L3: 026 @88 223 030 2:9
3 045 499 0.55 1323 7.36 0.56 122.9 3 0.45 26 0.50 13.8 1.44 0.63 9.6
4 057 123.0 0.66 577.0 32.13 0.70 233.2 4 0-e1 89 Oi8s 548 803 10:68 29,0
s 071 2338 077 6709 37.36 0.99 0.0 m 5 068 30.1 0.76 7009 73.08 0.85 63.6
Start  Start Max Max Max End End
Peak Rf _Height Rf _Height % Rf __Height
1 0.21 7.0 0.25 1731 1590 0.26 165.6
2 0.26 165.7 0.27 2159 19.84 0.30 12.2
3 0.50 170 0.65 6422 59.00 0.78 249

Fig. 4: (a) Track 1: High-performance thin-layer chromatography (HPTLC) of ethyl acetate fraction. (b) Track 2: HPTLC of standard

scopoletin. (c¢) Track 2: HPTLC of standard gallic acid
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Fig. 5: Preparative thin-layer chromatography for standard
scopoletin (1) and ethyl acetate fraction (2) and on silica gel GF,,,
detection by ultraviolet light (a) at 254 nm and (b) at 366 nm

Fig. 6: Preparative thin-layer chromatography chromatogram of
phenolic acid isolation

On the other hand, the IR spectral analysis of the isolated phenolic
compound showed the peaks at 2900-3400, 3265.59,3377.47,1695.49,
1539.25, and 1612.54.

The IR spectra of the isolated coumarin and isolated phenol is shown in
Figs. 13 and 14, respectively.

UV spectrum of the isolated coumarin and phenolic compound is shown
in Figs. 15 and 16, respectively.

DISCUSSION

Natural products have always been a preferred choice of all as it plays
a great role in discovering new medicines. During extraction, solvents
diffuse into the solid plant material and solubilize compounds with
similar polarity. Extraction and separation of chemical constituents of
plants depend on selective solvents through standard procedure.

Coumarins are a class of natural compounds widely distributed in
plants has an important role in the healthcare and various traditional
medicine systems of the world.

Fractionation is the best method to separate each group of
constituents alone when the plant contains several groups of
constituents.

The preliminary phytochemical analysis confirmed the presence
of coumarin, phenols, and flavonoids. Ethyl acetate extract of cold
method, which was further subjected for isolation yielded faint-
yellow crystals. In the IR spectral analysis, the peak at 3333.10
cm™, a broad band is most probably the result of O-H stretching
vibrations of phenol OH group. The peak at 2947.33 cm™ showed
C-H stretching due to -CH3. The peak at 1697.41 cm™ indicates
the presence of -C=0, carbonyl group. The peak at 1606.76 cm™
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Fig. 7: High-performance thin-layer chromatography plates for
1-ethyl acetate fraction and 3-standard scopoletin, detection
under ultraviolet light (a) at 366 nm and (b)at 254 nm

Fig. 8: High-performance thin-layer chromatography plates of

analyzed fractions with reference standards, detection under

ultraviolet light at 254 nm (1 - Ethyl acetate isolated fraction,
2 - Standard gallic acid)

showed the presence of -CH=CH group. The peak at 1508.38 cm™
indicates the presence of benzene ring. The peak at 860.28 cm™
showed the presence of disubstitution of benzene ring of isolated
compound. On the basis of mass spectrum, The molecular weight
of isolated coumarins detected in the GC/MS at m/z 192. The UV
florescence, HPLC, and HPTLC results are similar to that of standard
scopoletin [41]. All the above results confirm that the isolated
compound is scopoletin.

Scopoletin, which is a coumarin derivative, has been found in many
plant species and has several antimicrobial activities as well as
pharmacological effects. The compound is also one of the major
constituents from the related species of Chenopodium. The present
study also revealed the presence of scopoletin as one of the major
constituents of the species C. murale.

The IR spectrum of the isolated phenolic compound revealed the
presence of carboxylic group (2900-3400 cm™), hydroxyl phenolic
groups (3377.47 cm™), carbonyl group (169549 cm™), and an
aromatic moiety (1539.25, 1612.54). On the basis of mass spectrum,
The molecular weight of isolated phenolic acid detected in the GC/MS
at m/z 171. UV-visible spectrum of gallic acid in methanol is observed
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Fig. 9: Gas chromatography/mass spectrometry chromatogram of isolated coumarin
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Fig. 10: Mass fragmentation spectra of (a) isolated coumarin and (b) standard scopoletin
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Fig. 11: Gas chromatography/mass spectrometry chromatogram of isolated phenolic acid

at310nm [42,43]. The HPLC and HPTLC in addition to the above results
coincide with that reported for gallic acid.

The importance of this study is that it is the first study which confirms
the presence of scopoletin and gallic acid in the Iraqi species of C. murale.

Structure activity relationships of coumarin and 4-hydroxycoumarin
do not possess anticoagulant activity. Link, who pioneered the isolation
and characterization of bis’ hydroxycoumarin (dicoumarol) from sweet
clover, concluded that the minimal requirements for anticoagulant
activity are 4-hydroxy group, a 3-substituent, and a bis molecule [44].
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Fig. 12: Mass fragmentation spectra of (a) isolated phenolic compound and (b) standard gallic acid
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Fig. 13: Infrared spectrum of isolated coumarin
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Fig. 14: Infrared spectrum of isolated phenolic compound
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Fig. 16: Ultraviolet spectrum of isolated phenolic compound

The benzo-2-pyrone nucleus of the simple coumarins derives from the
phenyl acrylic skeleton of cinnamic acids.

3 4
6 =3
&
7
8 1 L=

hexrxo - 2 - pyreme

The coumarin structure is derived from cinnamic acid through ortho-
hydroxylation, trans-cis isomerization of the side chain double bond
and lactonization. The trans form is stable and could not cyclise, and
therefore, there should be isomerization of some sort and the enzyme
isomerase is implicated.

Scopoletin is the most widespread coumarins in nature. Thus, this
biosynthesis pathway showed that all coumarins oxygenated at
position 9 [45].

CONCLUSION

The results of the current study showed the presence of coumarin
derivative, i.e., scopoletin and a phenolic acid which is gallic acid in the
ethyl acetate fraction.
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