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Celery and coriander are vastly applied in modern medicine and traditionally because
various medicinal and nutritional benefits depend on their medicinal characteristics. The study
aimed to detect, isolate and compare extracts contents of phenolic acids (caffeic and p-coumaric
acids) in ethyl acetate fraction of fresh and dry aerial parts of coriander (Coriandrum sativum
L.) and celery (Apium graveolens L.) of the Apiaceae family. The extraction of these constituents
was carried out by maceration method using 70% ethanol and fractionation was done by using
petroleum ether, and ethyl acetate. The existence of caffeic and p-coumaric acids in aerial part
extracts of two plants was identified by thin-layer chromatography (TLC) and high-performance
liquid chromatography (HPLC). After qualitative determination of these active constituents,
high-performance liquid chromatography analysis was also applied for quantification of caffeic
and p-coumaric acid and the results showed that ethyl acetate extract of dry coriander showed
higher contents of caffeic and p-coumaric acid than ethyl acetate extracts of fresh coriander and
celery (dry and fresh). Depending on the results of TLC and HPLC, two bioactive compounds
(caffeic acid and p-coumaric acid) were isolated and identified by Fourier transform infrared
spectroscopy, proton nuclear magnetic resonance spectroscopy, and full scan product ion mode
liquid chromatography mass spectrometry. This result opens the minds to the dry plant era
and leads to counter fiction of what was known that fresh plant gives better results than the
dry one.
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Several therapeutic compounds have been
detected in medicinal herbs today. These herbs are
recorded in pharmacopeia throughout the world and
play an important role in conventional medicine'.
Coriandrum sativum L. (known as coriander) is
a seasoning plant of the Apiaceae family, with
origins in Mediterranean countries. This plant is
grown commercially in Asia, Africa, and Europe?.
All parts of the plant are edible while the common

parts utilized in cooking are the dried seeds and the
fresh leaf?. Coriander (see Figure 1) has nutritional
components such as protein, water, fiber, fat, ash,
sugar, essential oils, and minerals*. The main active
ingredients of coriander are fatty oils and essential
oils’. It also contains coumarins, phthalides,
phenolic acids (chlorogenic and caffeic acids), and
flavonoids (quercetin and rutin)®’. Oleic, linoleic,
palmitic, ascorbic, and stearic acids are also present
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in the coriander plant and are very effective in
lowering the blood cholesterol level®. Coriander
is used in Indian folk medicine for the treatment
of urinary, digestive, and respiratory disease;
it also has diuretic, diaphoretic, stimulant, and
carminative activity®. This plant exhibits a strong
antioxidant effect because it is an excellent source
of phytochemicals and polyphenols?. The coriander
leaf contains higher antioxidant concentrations than
its seeds’. It also possesses other pharmacological
properties such as anti-mutagenic , antidiabetic
19, anti-spasmodic "', antilipidemic effects '2, and
others.

Apium graveolens L. (known as celery) is
an annual plant of the Apiaceae family, native to
outlying hills in Afghanistan, Punjab, and the North
Western Himalayas'®. The leaves, roots, and stems
are vastly utilized in cooking such as salads, side
dishes, and soups. Celery contains furanocoumarin,
polyphenols, tannins, steroids, terpenoids, saponins,
acids (glutamine, ascorbic, oxalic), vitamins B2,
B1, A, PP, B9, B6, K, E, and mineral salts (9.
It also contains essential oils as the main active
constituents'®. It is applied in traditional medicine
to the bladder, kidney diseases, gout, gastric
ulcer, gastritis, duodenal gout, obesity, diabetes,
dermatitis, nephritis, rheumatism, and prostate
inflammation'. The celery plant has different
activities such as antidepressant, antimicrobial,
antidiabetic'’, hepatoprotective, estrogenic,
antioxidant, antiestrogenic, cytotoxic'*'”- anti-
inflammatory and analgesic effects'®"”.
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MATERIALS AND METHODS

Apparatus and Instruments

The following were used, Rotatory
evaporator type Buchi attached to a vacuum pump
Buchi-Germany), oven (Memmert-854, Buchi-
Germany), and an electrically sensitive balance
(Sartorius, Germany) with an Ultraviolet light
type DESAGA HEIDELBERG of 254 nm and
366 nm waves lengths type DESAGA-Germany.
Fourier transforms infrared spectra (FT-IR) spectra
were scanned on Jusco/ Japan FT-IR-4200 at the
University of Baghdad, College of Pharmacy, |H
NMR was carried out in al-Albayt University,
Al-Mafraq, Jordan (Euro-vector EA 3000A/
Italy), LC/MS was carried out in Iraqi National
Center for Drug Control and Research (LCMS-
8040 series system, Shimadzu/ Japan) and HPLC
analysis was carried out using SYKAM/ Germany
at the directorate of the ministry of science and
technology/environment and water center.
Chemicals and Reagents

Standard of p-coumaric acid and Caffeic
acid were purchased from Biopurfy-China, Silica
gel of GF ,,, ~with a thickness of 0.25 mm
MERCK-USA while the 0.75mm from Sanpont-
China, absolute both ethanol and methanol, HPLC
grade acetonitrile, the ethyl acetate and petroleum
ether were purchased from Schar lab S.L.-Spain
and Toluene was purchased from the CDH-India
while the formic acid was from GCC, U.K.

Fig. 1. Photo of Iraqi Coriandrum sativum(A) and Iraqi Apium graveolens(B)
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Plant material

The aerial parts of the plants (Adpium
graveolens L. and Coriandrum sativum) were
collected from Baghdad city, which is located in
the center of Iraq, in December 2021. Some aerial
parts of each plant were dried and the other aerial
parts were used fresh.
Plant collection licenses

We have received ethical approval and
permission to collect celery and coriander from
the Pharmacognosy Department at Baghdad
University, and Iraqi Medical Research Center
1120,2020.
Extraction of phenolic acids

The extraction was performed according
to the process with some modifications described
by Iswantini et al. 22!, The extraction was carried
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out for dry and fresh aerial parts (leaves and stem)
of Apium graveolens L. and Coriandrum sativum
L., taking (100 gm) of each dry plant and fresh parts
and then macerated with 70 % ethanol (1000 ml) at
room temperature separately. The extracted crudes
were concentrated under reduced pressure at 50 °©
C. Then successively fractionated with petroleum
ether (250 m1*2) and ethyl acetate (250 ml*2). The
ethyl acetate fractions were concentrated separately
to obtain four fractions of ethyl acetate for each part
of the plant.

Identification of phenolic acids by thin-layer
chromatography (TLC)

The preliminary analysis of caffeic acid
(C,H,0,) and p-coumaric acid(C,H,0,) in ethyl
acetate fractions from fresh and dry aerial parts of
Apium graveolens and Coriandrum sativum was
achieved by TLC.

Table 1. HPLC conditions

Mobile phase(isocratic)

Column

Column temperature ambient
Flow rate Iml / min
Injection volume 20iL
Injection concentration 1 mg /ml

Detection
Sample
Standards

Acetonitrile: Water (1:1)
Shimadzu LC C18 (250 mm x 4.6 mm, 5 pm particle size)

UV detector at € 265 nm
Ethyl acetate fraction
Caffeic acid and p-coumaric acid

Table 2. The percentages of ethyl acetate fractions of
dry and fresh aerial parts of Coriandrum sativum and
Apium graveolens

Analyzed fraction Percentage yield
(Yow/w)

Fresh Coriandrum sativum (FC) 2.6%

Dry Coriandrum sativum (DC) 4.7 %

Fresh Apium graveolens (FA) 24 %

Dry Apium graveolens (DA) 35%

The GF,, plate of'silica gel (readymade)
was used as the stationary phase and toluene: ethyl
acetate: formic acid (36:12:5) as developing solvent
21 The detection of developed plates is done first by
visualizing under UV light at 254nm, then spraying
with a chemical reagent for phenolic compounds
such as ferric chloride (0.5%). The value of the
retardation factor (Rf value)of the separated spots
of caffeic and p-coumaric acids was calculated and
matched to that of their standard.

Table 3. The Rf values of separated phenolic acids (caffeic and p-coumaric acids)
and their standards in one solvent system in TLC

Rf value Standards Fresh Dry Fresh Dry
Coriandrum Coriandrum Apium Apium
sativum (FC) sativum (DC)  graveolens (FA)  graveolens (DA)

caffeic acid 0.371 0.371 0.371 0.371 0.371

p-coumaric acid 0.513 0.513 0.513 0.513 0.513
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Qualitative and quantitative estimations of
phenolic acids by high-performance liquid
chromatography (HPLC)

By HPLC (table 1), qualitative analysis
of caffeic and p-coumaric acids in ethyl acetate
fractions of celery and coriander plants is performed
by matching the retention time of caffeic and
p-coumaric acids in all samples with those of their
standard at identical chromatographic conditions
22.

In HPLC, quantitative estimations of
p-coumaric and caffeic acids in ethyl acetate
fractions of celery and coriander plants are made
by drawing a calibration chart for which serial
dilutions of the standard caffeic and p-coumaric
acids were made by methanol (10, 20,30, and 40
ppm).

Isolation and purification of phenolic acids by
preparative TLC plates

The isolation of caffeic and p-coumaric
acids from the ethyl acetate fraction of the dry
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coriander aerial part(DC) is achieved by using
preparative TLC. TLC plates (silica gel GF ., with
thick 0.75mm and 20*20) were used and activated
at 120°C before the application of the sample. The
ethyl acetate fraction of DC is seen by a capillary
tube on the plate in the form of a row and, according
to standard processes, allowed the plate to develop
in toluene: ethyl acetate: formic acid (36:12:5) as a
solvent system. Under UV at 254nm, the separated
bands were identified and with a needle marked.
The two bands were rubbed off with standards
similar to those of the p-coumaric and caffeic
acids standards put in a beaker and then adding a
sufficient quantity of absolute methanol, the flasks
were later shaken on a warm water bath, kept
cool in a refrigerator for crystallization about 4-5
hrs. The crystalline constituent was then filtered
through double filter paper and dried for a pure
constituent .

Fig. 2. TLC of ethyl acetate extracts of fresh and dry aerial parts of Coriandrum sativum and Apium graveolens
using adsorbent (silica gel GF254) and a mobile phase (toluene: ethyl acetate: formic acid (36:12:5)). Detection
by UV light at (1) 254 nm, (2) after spraying with ferric chloride (0.5%). (CA: caffeic acid standard, P-CA:
p-coumaric acid standard, A: Dry Apium graveolens (DA), B: Fresh Apium graveolens (FA), C: Dry Coriandrum
sativum (DC), D: Fresh Coriandrum sativum (FC))
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Identification and characterization of the
isolated constituents
Fourier transforms infrared (FT-IR)
spectroscopy

The FT-IR spectroscopy was performed
in Baghdad University/College of Pharmacy/
Department of Pharmacognosy and Medicinal
plants for each isolated constituent by using a KBr
disc and then the structural assignments correlated
for characteristic bands as illustrated in the results.
1H nuclear magnetic resonance spectroscopy
(NMR) analysis

The spectra of the NMR were taken
by dissolving the sample in dimethyl sulfoxide
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(DMSO) — d6 and later on running the NMR
Spectrometer. All the chemical shifts were reported
with tetramethyl silane (TMS) reference at 0 parts
per million (ppm). NMR measurement was carried
out at Al-Albayt University/Al-Mafrag/Jordan and
the Euro-vector EA 3000A NMR spectrometer
apparatus (300MHz for 1H-NMR) was used.
Chemical shifts are given on a 4 (ppm) scale with
TMS as the internal standard.
Liquid chromatography/ mass spectroscopy
LC/MS

Analytical LC/MS was done by using
Shimadzu-LC / MS-8040 series system and
coupled to a mass Spectrometer-Shimadzu with
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Fig. 4. HPLC analysis of p-coumaric acid standard
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an electrospray interphase (ESI). The caffiec
and p-coumaric acids isolated from Coriandrum
sativum dried aerial parts were performed by C18,
pore size 3.5 im, length 15 cm, id 4.6im column,
the column was maintained at 42C° temperature,
the mobile phase was composed of 0.1% acetic acid
and acetonitrile (V/V), the flow rate was 0.8 ml/
min and the isocratic mode of elution was used. The
volume of the injected standard and sample was 5
iL and Negative ionization mode was applied for
structural elucidation 2%,
Preparation of the isolated compounds

Two milligrams of caffeic acid and 2
mg of p-coumaric acid were dissolved in 2 mL
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of ethanol separately and after that filtrated using
disposable filters of 0.45 im pore size before
utilization of LC/MS for analysis.
MS conditions

The mass analysis was performed by a
Shimadzu mass spectrometer with an electrospray
interphase (ESI) and then Chem Station was used
for the chromatographic data processing. MS
data were acquired in both modes the negative
and positive ionization at a defined condition
that is: nitrogen gas flow rate 3 1/min, heat block
temperature 400 C°, desolvation line (DL)
temperature 250 C°, drying gas flow rate 15 I/min
and mass spectra were recorded using the fill scan
mode in the range of 100-800 Daltons *.
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Fig. 5. HPLC analysis of ethyl acetate fractions of dry Apium graveolens
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Fig. 6. HPLC analysis of ethyl acetate fractions of fresh Apium graveolens
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RESULTS AND DISCUSSION their many pharmacological effects for the
treatment of various disorders. Apium graveolens

Caffeic and p-coumaric acids are curative  (Celery) and Coriandrum sativum(Coriander) are
phenolic acids that are used in nutrition and readily available in the supermarket, and they have
medicine. However, recent studies have reported  many phytochemicals that are widely known for
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Fig. 7. HPLC analysis of ethyl acetate fractions of dry Coriandrum sativum
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Fig. 8. HPLC analysis of ethyl acetate fractions of fresh Coriandrum sativum

Table 4. Concentration of caffeic and p-coumaric acids in fresh and dry aerial parts of
coriander and celery

Ethyl acetate fraction The concentration of Concentration of
caffeic acid (ppm) p-coumaric acid (ppm)

Dry Coriandrum sativum (DC) 166.911 247.615

Fresh Coriandrum sativum (FC) 166.883 211.357

Dry Apium graveolens (DA) 120.878 181.256

Fresh Apium graveolens (FA) 112.365 165.021
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their various applications in the medical field and  Identification of phenolic acids by TLC

other uses. The identification of caffeic and
The percentage yields (%ow/w) of each  p-coumaric acids was achieved by TLC in aerial

ethyl acetate fraction for dry and fresh aerial parts ~ parts of the ethyl acetate extracts of Apium

of Apium graveolens and Coriandrum sativum are  graveolens and Coriandrum sativum as shown in

shown in Table 2. Figure (2).
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Fig. 10. HPLC calibration curve of the p-coumaric acids standard
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After observation of the spots under UV at
254 nm and by spraying with ferric chloride (0.5%),
caffeic and p-coumaric acids in plant samples are
detected by calculating their Rf values as shown

ABDUL-JALIL et al., Biomed. & Pharmacol. J, Vol. 16(4), 2315-2332 (2023)

Qualitative and quantitative estimations of
phenolic acids by HPLC

HPLC was performed to determine the
existence and quantity of caffeic and p-coumaric

in Table (3) acids in the extracts of Apium graveolens and
Coriandrum sativum (fresh and dry aerial parts).
Table 5. FTIR absorption bands (cm™) of the isolated caffeic acid
Functional Number of group frequency Main attribute
group waves (in cm™)
Isolated Caffeic acid
caffeic acid standard
Phenol O-H 3432.67 3409.5 O-H vibration of stretching
Benzene Ring 32379 3234.04 C-H stretching of the aromatic ring
C-H 2791.46, 2702 2831.95 Asymmetric and symmetric stretching of CH2
C=0 1644.02 1644.98 C=0 stretching vibration
Cc=C 1618.95, 1513.12 1618.95, 1529.27 C=C stretching of the aromatic ring
O-H 1449.24 1449.24 O-H bending of the carboxyl group
Phenol-O-H 1367.28 1352.82 O-H bending vibration
Phenol-O-H 1216.86 1216.86 C-OH stretching vibration
Cc=C 974.84 974.84 C=C out-plane bending vibration
C-H 850,816,736,649 849,815,736,647 Benzene ring C-H out-plane bending vibration
O
= OH

Fig. 11. Preparative TLC plates of the ethyl acetate fraction of the dry aerial part of coriander (sample = DC)
developed in toluene: ethyl acetate: formic acid (36:12:5) at 254 nm (1) and after spraying with0.5% ferric
chloride (2), CA: caffeic acid standard, P-CA: p-coumaric acid standard
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For qualitative estimations, the result  This proved the presence of p-coumaric and caffeic
revealed that the retention time of p-coumaric and  acids in the samples as shown in Figures (3-8).
caffeic acids in different ethyl acetate extracts and In quantitative estimations of p-coumaric
the retention time of their standards were similar. ~ and caffeic acids in fractions analyzed from
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coriander and celery plants by HPLC, a plot  fraction was determined by using a straight-line
of the area vs. standard concentration for both  equation as in Figures (9,10).
caffeic and p-coumaric acids show a linear fit. The coriander and celery plants had shown
The concentration of these phenolic acids in each

different concentrations of p-coumaric and caffeic
acids, as shown in Table 4.
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The results indicated that the concentration
of p-coumaric and caffeic acids is higher in the
ethyl acetate fraction of the dry coriander aerial
part (DC) than their concentrations in other ethyl
acetate fractions. Therefore, p-coumaric and caffeic
acids are isolated by preparative TLC from the
ethyl acetate fraction of DC.
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The result revealed that the HPLC method
was efficient for the quantitative and qualitative
determination of caffeic and p-coumaric acids.
Isolation of phenolic acids by preparative TLC
plates

The development of the ethyl acetate
fraction of the aerial part of dry coriander in

Table 6. FTIR (cm-1) absorption bands of isolated p-coumaric acid

Functional Number of group Main attribute
group frequency wave( in cm")

Isolated p-coumaric

p-coumaric acid

acid standard
Phenol O-H 3359.39 3344.93 O-H stretching vibration
C=C-H 3024.37 3026.73 C=C-H stretching of the aromatic ring
C-H 2820.38 2812.67 Asymmetric and symmetric stretching of CH2
C=0 1672.89 1671.98 C=O0 stretching vibration
C=C 1510.95 1509.99 C=C stretching of the aromatic ring
O-H 1448.28 1447.31 O-H bending of the carboxyl group
Phenol-O-H 1375.83 1376.93 O-H bending vibration
Phenol-O-H 1212.79 1213.01 C-OH stretching vibration
C=C 978.64 977.73 C=C out-plane bending vibration
C-H 860,834,796,690 832,796,689 Benzene ring C-H out-plane bending vibration

O
=

HO

OH

Table 7. Assignment of 1H-NMR spectral data of isolated caffeic acid

Ppm No. of protons Multiplicity Assignment
12.13 1H Singlet broad OC-OH
9.54 1H Singlet broad C4-OH
9.13 1H Singlet broad C3-OH
7.43 1H Doublet (J value:15.822 Hz) C7-H
7.01 2H Doublet(J value:22.793 Hz) C2-H
6.97 2H Doublet(J value:8.075 Hz) C6-H
6.74 1H Doublet(J value:8.091 Hz) C5-H
6.19 1H Doublet(J value:15.846 Hz) C8-H
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toluene: ethyl acetate: formic acid (36:12:5) in
preparative TLC plates results in the number of
bands that represent several compounds as in
Figure 11.
Identification and characterization of the
isolated constituents

The isolated constituents that result
from preparative TLC were subjected to different
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analysis identification techniques to determine
their purity of them in addition to other several
techniques that were applied to obtain the
structural elucidation. These techniques include
the following:
FTIR

The IR spectra of isolated caffeic and
p-coumaric acids that gave similar results were

Table 8. Assignment of 1H-NMR spectral data of isolated p-coumaric acid

Ppm No. of protons Multiplicity Assignment
12.15 1H Singlet broad OC-OH
9.96 1H Singlet broad C4-OH
7.53 1H Doublet(J value:8.466 Hz) C3-H, C5-H
7.47 1H Doublet(J value:15.911 Hz) C7-H
6.80 1H Doublet(J value:8.477 Hz) C2-H, C6-H
6.26 1H Doublet(J value:15.917 Hz) C8-H

;ff J
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16 15 14 13 12 11 10 %

7 G
el

Fig. 14. 1H-NMR spectrum of isolated caffeic acid
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matched with their standard; which indicated that
isolated compounds are p-coumaric and caffeic
acids as shown in Figures (12,13).

The isolated compounds’ characteristic
FTIR absorption bands with their standards
(p-coumaric and caffeic acids) are listed in Tables
5 and 6, respectively®’2*.
Nuclear magnetic resonance (NMR)
spectroscopy

Is a sophisticated and powerful analytical
technique for the elucidation of organic compound
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structures and identification of molecular interaction
28

For that reason, the identification of
isolated, p-coumaric, and caffeic acids was further
confirmed by NMR spectroscopy application. The
isolated constituents’ NMR spectra are in good
agreement with works of literature on p-coumaric
and caffeic acids as shown in Figures 14,15 and
Tables 7 and 8 26239,

Table 9. The specific ion of isolated caffeic acid and p-coumaric
acid was monitored in the screening method

Isolated R, Theoretical Calculated Fragmented ions (m/z)
compounds (min) molecular molecular
weight (M) weight (M)
Caffeic acid 5.6 180.16 180 179(M-H), 135(M-H-CO,), 161(M-H-H,0),
134(M-H-HCO,)
p-coumaric acid 8.7 164.158 164 163(M-H), 119(M-H-CO,),113, and 101

(dissociation of the phenolic ring)

6 156 14 13 12 1 10 9 8

Fig. 15. 1H-NMR spectrum of isolated p-coumaric acid
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LC/MS

The identification of isolated caffeic
acid and p-coumaric acids were further confirmed
by LC/MS. For structural scanning, full scan
product ion was used instead of multiple reaction
monitoring (MRM) since it was used for qualitative
applications to obtain structural information.

According to the chromatographic
conditions, Rt (retention times) of the analyzed
constituents are 5.6 min for caffeic acid and 7.8 min
for p-coumaric acid; in addition, the ions monitored
by the MS method are illustrated in Table 9.
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In the ionization conditions, most of the
phenolic acids lost a molecule of COO (44 units)
so ions detected by spectrometer are always in
the form of [M-H-COO] . All these data are in
good agreement with the works of literature on
p-coumaric and caffeic acids®' .

These assignments were proved by full
product ion scan liquid chromatography connected
with a negative (-ve) ES ionization spectrum
of caffeic acid (Figure 16) and p-coumaric acid
(Figure 17).
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Fig. 16. Full product ion scan LC chromatogram and mass spectrum of isolated caffeic acid.
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Fig. 17. Full product ion scan LC chromatogram and mass spectrum of isolated p-coumaric acid

CONCLUSION

Coriander (Coriandrum sativum L.) and
celery (Apium graveolens L.) are excellent sources
of caffeic and p-coumaric acids (phenolic acids).
These compounds are considered a substantial
class of natural components that are widely used
in several countries as an ingredient in many herbal
remedies and preparation. This work shows that
the aerial parts extracts of the coriander and celery
plant contain caffeic and p-coumaric acids, and
quantitative estimation by HPLC shows that the
concentrations of caffeic and p-coumaric acids

in the dry coriander are higher than in the fresh
coriander and celery (dry and fresh). According to
the HPLC result, the caffeic and p-coumaric acids
were isolated from dry coriander by using the
preparative TLC method. This study confirms that
coriander showed significantly higher p-coumaric
and caffeic acids contents than celery.
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