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Abstract: Introduction: Oenanthe fistulosa L. (Apiaceae) is often associated with damp soils. Its
underground parts and the young leaves are mainly cooked with other vegetables.

Objective: The aim of the current work was to investigate the chemical profile of dichloromethane
(DCM), ethyl acetate (EA) and n-butanol (BuOH) fractions of O. fistulosa through analysis of 37
phytochemicals by LC-MS/MS and to evaluate their biological activities such as antioxidant, anti-
cholinesterase and antityrosinase for the first time.

Methods: Analysis of 37 phytochemicals was performed by liquid chromatography-mass spectrome-
try (LC-MS/MS). Antioxidant activity was evaluated using five in vitro assays, while anti-
cholinesterase and anti-tyrosinase activities were performed using Ellman and Dopachrome meth-
ods, respectively.
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Results: The number of phenolic compounds detected in DCM, EA and BuOH fractions was found
to be 9, 15, and 12; respectively. More specifically, 9 phenolic acids were detected and among them,
chlorogenic, #r-ferulic and p-coumaric acids were the most abundant. While 8 flavonoids were de-
tected and apigetrin, rutin, and quercitrin were the most abundant. In addition, 3 non-phenolic or-
ganic acids (quinic, malic and fumaric acids) were detected in large quantities. Furthermore, the
tested plant fractions demonstrated a noteworthy and strong antioxidant action. The plant displayed
very strong action against acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) enzymes;
and BuOH fraction was the most potent one. Finally, BuOH and DCM fractions showed good ty-
rosinase inhibitory activity.
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Conclusion: According to the obtained results, O. fistulosa might be a promising candidate for the
alleviation of oxidative stress, neurodegenerative (such as Alzheimer’s disease) and hyperpigmenta-
tion disorders.
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1. INTRODUCTION signifies “wine flower”, because the plant produces a state of
stupefaction similar to drunkenness. This, as well as locked

The genus Oenanthe (Apiaceac) is represented by aquatic jaws (risus sardonicus) has been documented in human poi-

plants which are perennial, hemicryptophyte, sometimes
helophyte, 30 to 100 cm high. It includes 40 species distrib-
uted in the temperate northern hemisphere, Europe, western
Asia, India and northern Africa [1]. The name Oenanthe
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soning from O. crocata, a plant that is common only in Sar-
dinia within the Mediterranean area [2].

Oenanthe fistulosa L. (common name: Tubular water-
dropwort) is an erect perennial, glabrous umbelliferous herb.
It is often associated with damp soils and still widespread but
declined across much of southern England, Ireland and
coastal regions of Wales. It is a rare species in Scotland and
is assessed as Vulnerable in Great Britain as a whole [3].
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Phytochemical assessments have revealed that the genus
Oenanthe contains various bioactive compounds such as
essential oils, polyacetylenes, bitter principles, coumarins,
flavonoids, flavonoid glycosides and polyphenols [2, 4]. For
example, O. fistulosa and O. crocata have been reported to
have polyacetylene toxins and bitter principles. An investiga-
tion of Oenanthe fistulosa from Sardinia afforded oenantho-
toxin and dihydrooenanthotoxin from the roots and the di-
acetylenic epoxydiol from the seeds [2].

A variety of biological activities of the genus Oenanthe
has been reported [2, 4]. Oenanthotoxin and dihydrooenan-
thotoxin isolated from Oenanthe fistulosa were found to
potently block GABAergic responses leading to neurotoxic
activity and providing a molecular rationale for the symp-
toms of poisoning from water-dropwort (Oenanthe crocata)
and related plants [2]. The essential oil of Oenanthe crocata
was reported to have antifungal, antioxidant and anti-
inflammatory activities [5].

It is noteworthy that five informants reported the use of
the underground parts and the young leaves of Oenanthe
fistulosa as food, which was mainly cooked with other vege-
tables. The use of this species is new, possibly because the
plant may be toxic, although the means of preparation might
reduce its toxicity [6].

The aim of the current work was to investigate the
chemical profile of O. fistulosa through identification and
quantitation of the phenolic compounds by LC-MS/MS and
to evaluate their biological activities such as antioxidant,
anticholinesterase and antityrosinase. The present study is a
trial to focus on and discover the health benefits of this for-
gotten plant, hoping to lead us to the development of func-
tional food ingredients for the prevention and treatment of
various diseases such as oxidative stress, neurodegenerative
and hyperpigmentation disorders.

2. MATERIALS AND METHODS

2.1. Chemicals and Materials
2.1.1. For LC-MS/MS Analysis

The analytical standards, HPLC-grade ammonium for-
mate, acetonitrile and formic acid were purchased from
Sigma—Aldrich (Milano, Italy).

2.1.2. For Biological Studies

Quercetin, potassium persulfate, ferrous chloride, ferric
chloride, pyrocatechol, quercetin, copper (II) chloride, ethyl-
enediaminetetraacetic acid (EDTA) and boron trifluoride-
methanol complex (BF;:MeOH) were obtained from E.
Merck (Darmstadt, Germany). fS-Carotene, linoleic acid,
polyoxyethylenesorbitane monopalmitate (Tween-40), Fo-
lin—Ciocalteu’s reagent, 3-(2-pyridyl)-5,6-di(2-furyl)-1,2,4-
triazine-5°,5"’-disulfonic acid disodium salt (Ferene),
neocuproine and ammonium acetate, butylhydroxytoluene
(BHT), 2,2- diphenyl-1-picrylhydrazyl (DPPH) dye, Electric
eel acetylcholinesterase (AChE, Type-VI-S, EC 3.1.1.7,
425.84 U/mg), acetylthiocholine iodide, horse serum bu-
tyrylcholinesterase (BChE, EC 3.1.1.8, 11.4 U/mg), bu-
tyrylthiocholine chloride, 5,5'-Dithiobis (2-nitrobenzoic
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acid) (DTNB) and galantamine were purchased from Sigma
Chemical Co. (Sigma-Aldrich GmbH, Sternheim, Germany).
2,20-Azinobis (3-ethylbenzothiazoline-6-sulfonic acid) dia-
mmonium salt (ABTS) was obtained from Fluka Chemie
(Fluka Chemie GmbH, Sternheim, Germany). All other rea-
gents, unless indicated were purchased from Sigma (St.
Louis, MO, USA). Analytical grade reagents and solvents
were consumed throughout the work.

2.2. Plant Material and Extraction Method

The aerial parts of O. fistulosa were collected in May
2015 in a full bloom state from El Kala, province of El Taref
(North-East Algeria, -5 to +1200 m above sea level,
36.8905° N, 8.4451° E). The species was identified by the
Forest Engineer A. Gurira (El Kala National Park). A
voucher (ChifaDZUMCAPBC000040) was deposited in the
Herbarium El Kala National Park, Algeria.

The vegetal material (aerial parts) was dried at room
temperature in shade for one week and powdered. After, it
(500 g) was exhaustively extracted by maceration in a mix-
ture of methanol/water (70/30, v/v) at a ratio of 1:10 (w/v)
for 24 h with constant stirring (speed of 200 rpm) and at
room temperature. The solvents were evaporated at 40 °C
using a Rotavapor (Biichi R-200, Germany) to afford 17.68 g
extract. The crude extract was dissolved in 90 % aqueous
methanol and fractioned with different solvents. The first
fraction was carried out with 100 ml (3x) of dichloro-
methane (DCM), which was evaporated under reduced pres-
sure to give a semisolid residue. This process was repeated
with ethyl acetate (EA) and n-butanol (BuOH). The yields of
DCM, EA and BuOH fractions were 0.70, 0.41, and 1.11 %,
respectively. After, each fraction was dissolved in methanol
and kept at 4 °C for its further analysis.

2.3. Preparation of Standards

Standard stock solutions were prepared in methanol (50
pg/ml) except hesperidin and isoquercitrin, that were dis-
solved in dimethylsulfoxide (50 pg/ml). Working solutions
were prepared from the stock solutions by dilution in metha-
nol. All solutions were stored in a refrigerator at 4 'C until
analysis.

2.4. LC-MS/MS Analysis
2.4.1. Sample Preparation for LC-MS/MS

Samples of each fraction were diluted to 1000 mg/L and
filtered with a 0.2 pum syringe filter prior to LC-MS/MS
analysis.

2.4.2. Chromatographic Instruments and Conditions for
LC-MS/MS

The quantitative study of 37 phytochemicals was per-
formed using a Nexera Shimadzu UHPLC model coupled to
an MS tandem instrument [7]. The chromatograph was
equipped with LC-30AD binary pumps, a CTO-10ASvp col-
umn oven, a DGU-20A3R degasser and a SIL-30AC auto-
sampler. Chromatographic separation was performed on an
RP-C18 Insertil ODS-4 analytical column (100 mm x 2.1
mm, 2 pm). The temperature of the column was set at 35 °C.
The elution gradient consisted of eluent A (water, 10 mM



LC-MS/MS Profiling of 37 Fingerprint Phytochemicals

ammonium formate and 0.1% formic acid) and eluent B
(acetonitrile). The following gradient elution program was
applied: 5-20% B (0-10 min), 20% B (10-22 min), 20-50% B
(22-36 min), 95% B (36-40 min), 5% B (40-50 min). The
solvent flow rate was maintained at 0.25 mL/min and the
injection volume was adjusted to 4 pl.

MS detection was performed using a Shimadzu LC-MS
brand 8040 tandem mass spectrometer model equipped with
an ESI source operating in negative ion mode. LC-ESI-
MS/MS data was collected and processed by LabSolutions
software (Shimadzu). The multiple reaction monitoring
(MRM) mode was used to quantify the analytes. The work-
ing conditions of the mass spectrometer were the following:
interface temperature, 350 °C; DL temperature, 250 °C; tem-
perature of the thermal block, 400 °C; nebulization gas flow
(nitrogen), 3 L/min; and drying gas stream (nitrogen), 15
L/min.

2.5. Quantification of Total Phenolic Content

The total phenolic content was evaluated according to the
method mentioned by Djeridane ef al. [8]. The results were
expressed in mg gallic acid equivalent (GAE) per g dry ex-
tract.

2.6. Quantification of Total Flavonoid Content

The total content of flavonoids was determined according
to the method described by Djeridane et al. [8] and the con-
centrations were expressed in mg quercetin equivalent (QE)
per g dry extract.

2.7. Biological Activities

2.7.1. Evaluation of Antioxidant activity by p-carotene
Bleaching Test

The antioxidant activity of the extracts was evaluated us-
ing the f-carotene-linoleic acid system [9, 10]. The bleach-
ing rate (R) of p-carotene was determined from the following
equation:

R = ln%/t.

Where In is the natural log, a is the absorbance at zero
time, b is the absorbance at time t (120 min). The antioxidant
activity as percent was calculated by the following equation:

Antioxidant activity (%) = (R control - R sample / R con-
trol) x 100.

Quercetin, catechin, BHT and a-tocopherol were used as
antioxidant standards.

2.7.2. DPPH Free Radical Scavenging Test

The free radical scavenging activity of the extracts was
determined by the test described by Oztiirk et al. [9, 11]. The
DPPH radical scavenging effect as percent was calculated
from the following equation:

Antioxidant activity (%) = [A control - A sample / A con-
trol] x 100.

Quercetin, catechin, BHT and a-tocopherol antioxidant
were used as standards.
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2.7.3. ABTS Radical Cation Reduction Test

Reducing the power of the studied extracts using the
ABTS" radical cation was determined according to the
method of Re et al. [12] with slight modification. Free radi-
cal scavenging activity-was calculated using the equation:

ABTS" scanning activity (%) = [A control - A sample /
A control] x 100

Quercetin, catechin, BHT and a-tocopherol were used as
standards.

2.7.4. Total Antioxidant Capacity Test

The total antioxidant capacity of the extracts was evalu-
ated by the phosphomolybdenum method described by
Ramalakshmi et al. [13] and expressed by the following
equation:

Total antioxidant activity (%) = (1- absorbance of sam-
ple/absorbance of control) x 100

Quercetin and ascorbic acid antioxidant were used as
standards.

2.7.5. Cupric Reducing Antioxidant Capacity (CUPRAC)
Test

The cupric ion reducing capability was determined ac-
cording to the method described by Apak et al. [14] with
slight modification. The results were given as Agso (Lg/ml)
corresponding to the concentration indicating 0.50 absor-
bances. The antioxidant BHT and a-tocopherol were used as
standards.

2.7.6. Acetylcholinesterase and Butyrylcholinesterase In-
hibitory Activities

The inhibitory activities of acetylcholinesterase (AChE)
and butyrylcholinesterase (BChE) enzymes were evaluated
by the method described by Oztiirk et al. [9, 15]. The percent
inhibition of AChE or BChE was obtained using the for-
mula:

% inhibition = (E - S) / E-100

Where E is the enzyme activity without the test extract,
and S is the enzyme activity with the tested extract. The as-
says were performed in triplicated and galantamine was used
as a reference compound.

2.7.7. Tyrosinase Inhibitory Activity

The tyrosinase inhibitory activity of the extracts relative
to kojic acid and L-mimosine standards was determined us-
ing fungal tyrosinase, according to Khatib et al. [16]. The
percent inhibition of the enzyme was calculated according to
the following formula:

% inhibition = [A - B /A] x 100
Here, A and B are the absorbances of the control and
samples; respectively.
2.8. Statistical Analysis

All data of antioxidant, anticholinesterase and antity-
rosinase activity tests were the average of three analyses.
The data were recorded as mean =+ standard deviation.
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Table 1. HPLC-MS/MS acquisition parameters used for the analysis of the 37 marker compounds in the fractions of O. fistulosa.
o G S g | M e s e
1 Quinic acid 1.13 MRM Negative 190.95 85.3-93.3
2 Malic acid 1.23 MRM Negative 133.00 115.2-71.3
3 Fumaric acid 1.48 MRM Negative 115.00 71.4
4 Gallic acid 3.00 MRM Negative 168.85 125.2-79.2
5 Protocatechic acid 493 MRM Negative 152.95 108.3
6 Pyrocatechol 6.48 MRM Negative 109.00 108.3591.3
7 Chlorogenic acid 7.13 MRM Negative 353.15 191.2
8 p-Hydroxybenzoic acid 7.39 MRM Negative 136.95 93.3-65.3
9 Vanillic acid 8.57 MRM Negative 166.90 152.3-108.3
10 Caffeic acid 8.80 MRM Negative 178.95 135.2-134.3
11 Syringic acid 9.02 MRM Negative 196.95 182.2-167.3
12 Vanillin 10.87 MRM Negative 151.00 1363-92.2
13 Salicylic acid 11.16 MRM Negative 136.95 93.3-65.3
14 p-Coumaric acid 11.53 MRM Negative 162.95 119.3-93.3
15 Rutin 12.61 MRM Negative 609.05 300.1-271.1
16 tr-Ferulic acid 12.62 MRM Negative 192.95 178.3
17 Sinapic acid 12.66 MRM Negative 222.95 208.3-149.2
18 Hesperidin 12.67 MRM Negative 609.00 301.1
19 Isoquercitrin 13.42 MRM Negative 463.00 300.1-271.1
20 Rosmarinic acid 14.54 MRM Negative 359.00 161.2-197.2
21 Nicotiflorin 14.68 MRM Negative 593.05 285.1-255.2
22 a-Coumaric acid 15.45 MRM Negative 162.95 119.4-93.3
23 Rhoifolin 16.11 MRM Negative 577.05 269.2-211.1
24 Quercitrin 16.41 MRM Negative 447.15 301.1-255.1
25 Apigetrin 16.59 MRM Negative 431.00 268.2-239.2
26 Coumarin 17.40 MRM Negative 147.05 91.0-103.2
27 Myricetin 18.72 MRM Negative 317.00 179.2-151.3
28 Fisetin 19.30 MRM Negative 284.95 135.2-121.3
29 Cinnamic acid 25.61 MRM Negative 147.00 103.15-77.3
30 Liquiritigenin 25.62 MRM Negative 254.95 119.3-135.1
31 Quercetin 28.17 MRM Negative 300.90 151.2-179.2
32 Luteolin 28.27 MRM Negative 284.75 133.2-151.2
33 Naringenin 30.68 MRM Negative 270.95 151.2-119.3
34 Apigenin 31.43 MRM Negative 268.95 117.3-151.2
35 Hesperetin 31.76 MRM Negative 300.95 164.2-136.2
36 Kaempferol 31.88 MRM Negative 284.75 255.1-117.3
37 Chrysin 36.65 MRM Negative 252.95 143.3-119.4
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3. RESULTS AND DISCUSSION
3.1. Optimization of Chromatographic Conditions

For the accurate identification of the analysed com-
pounds, the HPLC-MS/MS analysis was achieved with elec-
trospray ionization (ESI) mode using multiple reaction moni-
toring (MRM) which monitors the transitions of the parent to
daughter ions of all standards. Analytes were characterized
by their MS/MS spectra and retention time. For optimum MS
results, ionization was accomplished in negative ESI mode
and the precursor ions were corresponding to the deproto-
nated [M—H'] adducts. Quantification of target compounds
was achieved after optimizing the acquisition parameters
(Table 1).

3.2. Method Validation

We validated the developed LC-MS/MS method accord-
ing to linearity, precision, recovery study, limits of detection
(LODs), limits of quantification (LOQs) and specificity (Ta-
ble 2). The method exhibited a good linearity of all standards
(R* > 0.990) over a wide scale of concentrations (Table 2).
The method showed a good precision as the relative standard
deviations (RSDs %) of the inter and intraday studies ranged
from 0.058 to 3.209 % and 0.076 to 2.605 %; respectively.
The extraction recoveries of the analyzed standards in the
spiking study in the inter and intraday studies were found to
be within the acceptable range (Table 2). The percentage of
recoveries ranged from 98.47 to 104.09 %. Thus, the matrix
effect of the extracts was negligible for the assay. This
method was sensitive as LODs and LOQs ranged from 0.003
to 0.821 and 0.004 to 0.859 pg/ml; respectively (Table 2).
The relative standard uncertainties were equal or less than
2.82% for all the analyzed compounds which means that the
unknown true value is located at a maximum of + 2.82%
around the calculated result.

3.3. Application of HPLC-MS/MS Method to the Frac-
tions of O. fistulosa

LC-MS/MS is the most reliable technique for determina-
tion of the phytochemical composition of plant extracts due
to its high selectivity and sensitivity. So, the developed, op-
timized and validated LC-MS/MS method was applied for
the simultaneous determination of 37 phytochemicals (Fig.
1A & Table 1) in the three fractions of O. fistulosa including
14 phenolic acids (gallic acid, protocatechic acid, chloro-
genic acid, vanillic acid, caffeic acid, syringic acid, salicylic
acid, tr-ferulic acid, sinapic acid, rosmarinic acid, cinnamic
acid, p-hydroxybenzoic acid, p-coumaric acid and a-
coumaric acid), 3 non-phenolic organic acids (quinic acid,
malic acid, fumaric acid), 17 flavonoids (rutin, hesperidin,
isoquercitrin, nicotiflorin, rhoifoline, quercitrin, apigetrin,
myricetin, fisetin, liquiritigenin, quercetin, luteolin, narin-
genin, apigenin, hesperetin, kaempferol and chrysin), a phe-
nolic aldehyde (vanillin), a benzopyrone (coumarin) and a
catechol (pyrocatechol). The results of LC-MS/MS analysis
(Table 3 and Fig. 1) showed that the analyzed fractions were
rich in phenolic acids and flavonoids. The number of total
phenolic compounds detected in dichloromethane (DCM),
ethyl acetate (EA) and n-butanol (BuOH) fractions were
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found to be 9, 15 and 12; respectively. This revealed that EA
and BuOH fractions were richer in phenolic compounds than
DCM fraction.

LC-MS/MS analyses revealed that the number of pheno-
lic acids detected in the studied fractions was higher than the
number of flavonoids (Table 3). More specifically, 9 pheno-
lic acids (gallic acid, protocatechic acid, chlorogenic acid, p-
hydroxybenzoic acid, vanillic acid, caffeic acid, salicylic
acid, p-coumaric acid and ¢r-ferulic acid) were detected and
among them chlorogenic acid (10052.5 ng/g), tr-ferulic acid
(700.15 pg/g) and p-coumaric acid (309.62 pg/g) were the
most abundant. While only 8 flavonoids (rutin, hesperidin,
isoquercitrin, nicotiflorin, quercitrin, apigetrin, naringenin
and apigenin) were detected and among them, apigetrin
(10804.33 pg/g), rutin (2606.46 pg/g), and quercitrin (475.5
png/g) were the most abundant. In addition, the 3 non-
phenolic organic acids (quinic acid (267978.1pug/g), malic
acid (2520.28ug/g) and fumaric acid (435.1pg/g)) were de-
tected in large quantities. The highest amount of quinic and
malic acids were detected in EA fraction (267978.1 and
2520.28 pg/g extract) followed by BuOH (95065.37 and
473.61 pg/g extract) and DCM (24784.31 and 285.15 pg/g
extract) fractions. Whereas, chlorogenic acid was detected in
large quantities in the BuOH (10052.5 pg/g extract) and EA
(4731.3 pg/g extract) fractions and in a smaller amount in the
DCM fraction (95.75 pg/g extract). Vanillic and #-ferulic
acids were detected in moderate amounts in DCM and EA
fractions, while gallic, protocatechic, caffeic and salicylic
acids were detected in EA and BuOH fractions. Fumaric acid
was observed only in BuOH fraction and vanillin only in
DCM fraction (165.21 pg/g extract).

The highest content flavonoid, apigetrin (Apigenin 7-O-
glucoside) was detected in EA and BuOH fractions with val-
ues of 10804.33 and 8804.27 ng/g extract; respectively,
while the lowest content flavonoid, nicotiflorin
(atrihydroxyflavone linked to disaccharide) was detected
only in BuOH fraction (15.07 pg/g extract). The aglycon
naringenin (flavanone) was detected only in the DCM frac-
tion (23.97 pg/g extract), while quercitrin (a tetrahydroxyfla-
vone linked to monosaccharide) was found only in the EA
fraction (475.47 ng/g extract). It is important to mention that
the tetrahydroxyflavone, rutin (a disaccharide derivative)
was observed in significant amounts only in the BuOH and
EA fractions with values of 2606.46 and 554.60 ng/g extract;
respectively. Isoquercitrin and hesperidin were detected only
in EA and BuOH fractions with values of (151.95 and 70.81
ng/g extract) and (67.90 and 64.31 pg/g extract); respec-
tively. The EA and DCM fractions contained moderate
amounts of apigenin of 331.07 and 38.76 ng/g extract; re-
spectively. Generally, flavonoids linked mainly to two
monosaccharides were detected in the EA and BuOH frac-
tions, more polar compounds than those detected in the
DCM fraction (a flavone glucoside, a flavone, and a
flavanone)

The identified phenolic compounds in the tested fractions
of O. fistulosa were reported to have a beneficial effect on
health and can also be exploited for phytopharmaceutical
applications because of their biological properties [17, 18].
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Table2. Concentration range, linearity (Rz), Limits of Detection (LODs), Limits of Quantification (LOQs) and percentages of re-
coveries of the analysed 37 compounds by LC-MS/MS.
Con.c. Ra.nge LOD LOQ Inter-day Intra-day Recovery % (n=3)
No. Compounds (Linearity R2 (ug/ml) | (ug/ml) (@=3)RSD | (n=3) RSD U (%)
Range) (ug/ml) (%) (%) Inter-day | Intra-day

1 Quinic acid 0.250-10 0.996 0.075 0.079 0.259 0.274 100.28 98.77 0.0082
2 Malic acid 0.250-10 0.999 0.055 0.067 0.477 0.527 101.26 99.83 0.0113
3 Fumaric acid 0.10-5 0.997 0.028 0.034 0.536 0.460 99.74 99.86 0.0124
4 Gallic acid 0.250-10 0.998 0.095 0.106 1.601 01.443 100.00 100.45 0.0282

5 Protocatechic acid 0.100-5 0.995 0.028 0.031 1.236 1.296 99.40 101.07 0.0411
6 Pyrocatechol 1-20 0.996 0.261 0.278 1.313 1.339 99.98 99.93 0.0235

7 Chlorogenic acid 0.025-1 0.998 0.006 0.008 0.058 0.076 100.80 99.96 0.0069

8 p-Hydroxybenzoic acid 0.250-10 0.998 0.033 0.038 1.284 1.538 99.66 100.05 0.0289
9 Vanillic acid 0.1-20 0.999 0.122 0.139 0.528 0.619 100.09 104.09 0.0508
10 Caffeic acid 0.025-1 0.998 0.018 0.022 1.454 1.469 100.91 98.82 0.0354
11 Syringic acid 0.1-20 0.996 0.021 0.233 1.049 1.345 99.92 99.97 0.0238
12 Vanillin 0.250-10 0.998 0.044 0.053 0.696 0.793 99.67 99.61 0.0280
13 Salicylic acid 0.025-1 0.989 0.005 0.006 1.016 1.242 100.98 99.01 0.0329
14 p-Coumaric acid 0.025-1 0.992 0.007 0.009 1.820 1.727 100.61 101.22 0.0516
15 Rutin 0.025-1 0.997 0.005 0.006 0.473 0.624 100.99 98.01 0.0159
16 tr-Ferulic acid 0.250-10 0.997 0.036 0.042 0.708 0.619 99.98 100.28 0.0494
17 Sinapic acid 0.250-10 0.992 0.078 0.086 1.446 1.517 100.16 99.96 0.0281
18 Hesperidin 0.025-1 0.998 0.003 0.004 0.945 1.126 101.73 101.26 0.0262
19 Isoquercitrin 0.025-1 0.999 0.005 0.006 0.682 0.515 100.59 100.72 0.0133
20 Rosmarinic acid 0.100-5 0.994 0.006 0.008 2.014 1.751 99.20 103.43 0.0713
21 Nicotiflorin 0.100-5 0.991 0.022 0.025 0.737 0.875 102.55 100.97 0.0276
22 a-Coumaric acid 0.025-1 0.999 0.024 0.031 2.730 2.566 98.34 99.06 0.0513
23 Rhoifolin 0.100-5 0.999 0.023 0.027 0.747 1.528 101.04 101.73 0.0941
24 Quercitrin 0.100-5 0.999 0.022 0.025 1.528 2.320 99.72 100.62 2.0079
25 Apigetrin 0.025-1 0.993 0.005 0.006 1.797 1.607 101.39 100.41 0.0597
26 Coumarin 1-20 0.994 0.208 0.228 1.306 1.239 99.94 100.08 0.0237
27 Myricetin 0.250-10 0.999 0.053 0.057 0.652 0.711 99.98 100.04 0.0126
28 Fisetin 0.250-10 0.991 0.054 0.051 0.557 0.820 99.87 100.03 0.0148
29 Cinnamic acid 5-20 0.996 0.821 0.859 0.648 0.816 100.05 99.92 0.0143
30 Liquiritigenin 0.025-1 0.996 0.005 0.006 1.849 1.738 100.33 99.95 0.0341
31 Quercetin 0.100-5 0.990 0.023 0.028 1.589 1.360 98.47 100.10 0.0543
32 Luteolin 0.025-1 0.997 0.005 0.006 0.575 0.696 100.77 99.52 0.0174
33 Naringenin 0.025-1 0.995 0.005 0.006 2.054 2.019 99.88 101.00 0.0521
34 Apigenin 0.025-1 0.990 0.005 0.006 2.304 2.204 101.44 101.33 0.0650
35 Hesperetin 0.025-1 0.997 0.005 0.006 3.209 2.605 98.85 99.43 0.0562
36 Kaempferol 1-20 0.992 0.206 0.214 1.436 1.070 99.97 99.85 0.0209
37 Chrysin 0.025-1 0.993 0.005 0.006 0.490 0.630 100.33 100.43 2.0083

RSD %: relative standard deviation.
U (%): uncertainty Percent at 95% confidence level (k = 2).
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Table3. Quantitative determination of 37 phenolic compounds in the extracts of O. fistulosa (ng/g extract) by LC-MS/MS, relative
standard deviations (RSDs %) were in a range from 0.90 to 3.15%.

No. Compounds DCM Fraction EA Fraction BuOH Fraction
1 Quinic acid 24,784.31 267,978.1 95,065.37
2 Malic acid 285.15 2,520.28 473.61
3 Fumaric acid NI N.L 435.10
4 Gallic acid N.L 67.85 62.29
5 Protocatechuic acid N.L 102.67 25.40
6 Chlorogenic acid 95.75 4731.30 10,052.5
7 p-Hydroxybenzoic acid 28 212.42 26.41
8 Vanillic acid 257.45 257.96 N.L
9 Caffeic acid N.L 92.24 29.02
10 Vanillin 165.21 N.L N.L
11 Salicylic acid N.L 7.22 2.22
12 p-Coumaric acid 26.64 309.62 28.37
13 Rutin N.L 554.60 2,606.46
14 tr-Ferulic acid 700.15 532.67 N.L
15 Hesperidin N.L 67.90 64.31
16 Isoquercitrin N.L 151.95 70.81

17 Nicotiflorin N.L N.I 15.07

18 Quercitrin N.L 475.47 N.L

19 Apigetrin 224.25 10,804.33 8,804.27

20 Naringenin 23.97 N.L N.L

21 Apigenin 38.76 331.07 N.L

Total no. of detected compounds 11 17 15

DCM, Dichloromethane; EA, Ethyl acetate; BuOH, n-butanol; N.I., Not Identified.
The omitted metabolites were not detected.

3.4. Biological Activities

3.4.1. Antioxidant Activity, Total Phenolic and Flavonoid
Contents

The investigations of medicinal plants as a potential
source of natural antioxidants are necessary because they do
not induce side effects like synthetic antioxidants [19]. Also,
the plant extracts usually show chemical complexity, often a
mixture of compounds with different polarities and chemical
nature, which could lead to scattered and different results,
according to the type of the assay. Therefore, assessment of
the antioxidant potential of plant extracts with several tests
would be more informative and even necessary [9, 20].

The results obtained (Table 4) revealed that the three
fractions of O. fistulosa are rich in phenolic and flavonoid
compounds. The EA fraction showed the highest values
(205.57 + 3.93 mg GAE/g extract and 98.24 + 0.04 mg QE/g
extract) of phenolic and flavonoid contents respectively fol-
lowed by DCM (200.21 + 2.78 mg GAE/g extract and 97.84
+ 0.2 mg QE/g extract) and BuOH (175 + 5.21 mg GAE/g
extract and 42.04 + 0.42 mg QE/g extract) fractions. More

generally, the solubility of phenolic compounds depends on
their chemical nature in the plant, which varies from simple
to highly polymerized compounds such as phenolic acids,
phenylpropanoids, anthocyanins, and tannins. This structural
diversity is responsible for the wide variability of physico-
chemical properties influencing the extraction of polyphe-
nols [21].

3.4.1.1. p-carotene Bleaching Test

The ICs, results of S-carotene bleaching method (Table
4) showed that the DCM fraction (0.77 + 0.99 pg/ml) was
the most active one followed by BuOH (3.44 + 1.53 pg/ml)
and EA (3.70 £ 1.88 pg/ml) fractions. Only DCM fraction
was more potent as lipid peroxidation inhibitor than the
tested standards (BHT, 1.34 £+ 0.04 pg/ml; quercetin, 1.81 +
0.11 pg/ml; and a-tocopherol, 2.10 + 0.08 pg/ml).

3.4.1.2. DPPH Free Radical Scavenging Test

The ICsy values of DPPH scavenging test (Table 4) re-
vealed that the DCM fraction (6.66 + 0.03 pg/ml) was the
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Fig. (1). LC-MS/MS chromatograms: (A) TIC chromatogram of the standards mixture (1pg/ml); (B) Chromatogram of dichloromethane
(DCM) fraction of O. fistulosa; (C) Chromatogram of ethyl acetate (EA) fraction of O. fistulosa. (D) Chromatogram of n-butanol (BuOH)
fraction of O. fistulosa. Legend: (1) quinic acid, (2) malic acid, (3) fumaric acid, (4) gallic acid,(5) protocatechic acid, (6) pyrocatechol, (7)
chlorogenic acid, (8) 4-OH-benzoic acid, (9) vanillic acid, (10) caffeic acid, (11) syringic acid, (12) vanillin, (13) salicylic acid, (14)p-
coumaric acid, (15) rutin, (16)tr-ferulic acid, (17) sinapic acid, (18) hesperidin, (19) isoquercitrin, (20) rosmarinic acid, (21) nicotiflorin,
(22)a-coumaric acid, (23) rhoifolin, (24) quercitrin, (25) apigetrin, (26) coumarin, (27) myricetin, (28) fisetin, (29) cinnamic acid, (30) liquir-
itigenin, (31) quercetin, (32) luteolin, (33) naringenin, (34) apigenin, (35) hesperetin, (36) kaempferol and (37) chrysin.
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Table4. Total phenolic and flavonoid contents; and antioxidant activity of the fractions of O. fistulosa by the f-carotene-linoleic
acid, DPPH', ABTS", Phosphomolybdenum and CUPRAC assays.
Total carotene DPPH: ABTS * Phospho- CUPRAC
Samples Total Phenols” e prear molybdenum
Flavonoids' ICsy (ng/ml) ICs) (ng/ml) ICs) (ng/ml) Ayso (ng/ml)
ICs (ng/ml)
DCM fraction 200.21£2.78 97.84 +0.20 0.77+0.99 6.66 £0.03 0.78 £0.51 276.83 £1.61 20.35+0.93
EA fraction 205.57+3.93 98.24 +0.04 370 £1.88 16.09 +1.99 4.82+0.43 18433 +£1.23 1.72+£0.11
BuOH fraction 175+£5.21 42,04 £0.42 344 +1.53 120.51+1.23 11.88+0.17 223.83+£0.97 331+0.71
a-Tocopherol® - - 2.10£0.08 7.31+0.17 431+0.16 - 10.20 £ 0.86
BHT* - - 1.34+0.04 454+047 4.10+0.27 - 3.80+0.33
Quercetin® - - 1.80£0.11 2.07+0.10 1.18 £0.03 - -
Ascorbic acid® - - - - - 793.64 +£2.80 -
EDTA* - - - - - - -
*Standard compounds, ® mg gallic acid equivalent/g extract; ° mg quercitin equivalent/g extract.
DCM, Dichloromethane; EA, Ethyl acetate; BuOH, n-butanol; N.I., Not Identified.
TableS. Acetylcholinesterase, butyrylcholinesterase and tyrosinase inhibitory activities of the fractions of O. fistulosa.
AChE BChE Tyrosinase
Samples
ICso (png/ml) ICso (png/ml) ICso (ng/ml)
DCM fraction 9.94 139.43 184.70
EA fraction 10.11 6.54 1404.42
BuOH fraction 0.01 0.10 32.10
Galantamine® 50.90 7.39 -
Kojic acid® - - 0.67
L-Mimosine* - - 0.64

* Standard compounds
DCM, Dichloromethane; EA, Ethyl acetate; BuOH, n-butanol; N.I., Not Identified.

most active followed by EA fraction (16.09 = 1.99 pg/ml)
and BuOH fraction (120.51 + 1.23 pg/ml). DCM fraction
was more active than a-tocopherol (7.31 + 0.17 pg/ml) and
BHT (45.4 + 0.47 pg/ml) and less active than quercetin (2.07
+ 0.10 pg/ml). Furthermore, EA fraction showed greater ac-
tivity than BHT standard but, the BuOH fraction was less
active than all the tested standards.

3.4.1.3. ABTS Radical-cation Reduction Test

According to the ICs results (Table 4) of the ABTS"
trapping test, the DCM fraction (0.78 + 0.51 pg/ml) showed
the best activity, which was superior to that of quercetin
(1.18 £ 0.03 pg/ml), BHT (4.10 = 0.27 pg/ml) and a-
tocopherol (4.31+ 0.16 pg/ml). EA (4.82 + 0.43 pg/ml) and
BuOH (11.88 + 0.17 pg/ml) fractions were less active than
standards.

3.4.1.4. Total Antioxidant Activity Test

Phosphomolybdenum test is used primarily to measure
the possibility and potency of non-enzymatic antioxidants.

The results (Table 4) indicated that DCM (276.83 + 1.61
pg/ml), EA (184.33 + 1.23 pg/ml) and BuOH (223.83 + 0.97
pg/ml) fractions possessed better activity in reduction of Mo
(VI) to Mo (V) than the standard ascorbic acid (793.64 +
2.80 pg/ml). This activity may be due to the high content of
phenolic compounds in the various fractions studied.

3.4.1.5. Cupric Ion Reducing Antioxidant Capacity (CU-
PRAC) Test

According to the Agso values of CUPRAC test (Table 4),
both EA (1.72 £ 0.11 pg/ml) and BuOH (3.31 + 0.71 pg/ml)
fractions demonstrated higher activity compared with those
of the standards BHT (3.80 + 0.33 pg/ml) and a-tocopherol
(10.20 + 0.86 pg/ml). While DCM fraction (20.35 + 0.93
pg/ml) showed a weaker activity. In general, it can be con-
cluded that all the fractions, especially the EA and BuOH
fractions, exhibited very good and interesting antioxidant
activity by the copper reduction method. Prior et al. [22]
classified the CUPRAC antioxidant test as one of the meth-
ods based on electron transfer and advocated the superiority
of this method over other antioxidant tests.
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3.4.2. Anti-cholinesterase Activity Test

Herbs are viewed as an important natural source of new
and safe cholinesterase inhibitor drugs, which could be used
for the treatment of neurodegenerative disorders [23]. Com-
pounds that exhibit anticholinesterase activity are also re-
lated to anti-radical or antioxidant activity [24]. In order to
verify these approaches, anti-cholinesterase activity was
evaluated for the fractions of the studied plant using galan-
tamine as a standard compound. The anti-cholinesterase as-
say was performed against two enzymes, acetylcho-
linesterase (AChE) and butyrylcholinesterase (BChE). 1Cs
results of AChE inhibitory activity (Table 5) revealed that all
three fractions (DCM, EA, and BuOH) possessed very strong
inhibitory activity (galantamine, 50.9 pg/ml) being BuOH
fraction (0.01 pg/ml) the most active one followed by DCM
(9.94 pg/ml) and EA (10.11 £ 2.68 pg/ml) fractions. The
ICsy results of BChE showed that the BuOH (0.10 pg/ml)
and EA (6.54 pg/ml) fractions possessed strong and better
inhibitory activity than galantamine (7.39 pg/ml), being the
DCM fraction the least active (139.43 pg/ml). So, tested po-
lar fractions of O. fistulosa revealed a competitive acetylcho-
linesterase and butyrylcholinesterase inhibitory activities
with that of galantamine.

3.4.3. Tyrosinase Inhibitory Activity Test

Tyrosinase is a metalloprotein that catalyzes the first two
stages of melanogenesis and thus appears to be the limiting
enzyme [25]. Melanin is responsible for pigmentation of skin
and hair, but its production in excess amounts may lead to
hyperpigmentation or vitiligo disease [26]. Due to the ad-
verse effects of synthetic tyrosinase inhibitors currently be-
ing used, the look for new inhibitors of natural origin is nec-
essary. So, we tested the tyrosinase inhibitory activity for the
different fractions of O. fistulosa (Table 5). Only the BuOH
fraction (32.10 pg/ml) showed good activity, while DCM
(184.70 pg/ml) and EA (1404.42 pg/ml) fractions were inac-
tive in comparison to kojic acid (0.67 pg/ml) and L-
mimosine (0.64 pg/ml) standards.

It has been accounted for that tyrosinase enzyme can be
inhibited by aromatic aldehydes and acids, flavonoids and
copper chelators [27]. This may explain the tyrosinase in-
hibitory activity of the BuOH fraction because it is rich in
phenolic acids (e.g. chlorogenic acid) and flavonoids (espe-
cially rutin) according to our LC-MS/MS analysis. Further-
more, rutin was reported to be a potent antipigment agent
due to its tyrosinase inhibitory activity [26]. Chlorogenic
acid metabolic products can decrease melanogenesis in B16
melanoma cells by tryosinase inhibition [28]. The absence of
tyrosinase inhibitory activity in DCM and EA fractions,
could be explained by the absence of certain flavonoids or
the presence of other components. Our results demonstrated
that O. fistulosa (BuOH fraction) might be a candidate for
hyperpigmentation disorders.

CONCLUSION

The current study was carried out in order to evaluate the
chemical composition, especially of phenolic compounds in
dichloromethane (DCM), ethyl acetate (EA) and n-butanol
(BuOH) fractions of Oenanthe fistulosa by LC-MS/MS. The

Souilah et al.

number of phenolic compounds detected in DCM, EA and
BuOH fractions were found to be 9, 15 and 12, respectively.
The number of phenolic acids detected was higher than the
number of flavonoids. More specifically, 9 phenolic acids
were detected and among them, chlorogenic, ¢r-ferulic and p-
coumaric acids were the most abundant ones. While only 8
flavonoids were detected, among them, apigetrin, rutin and
quercitrin were the most abundant ones. In addition, 3 non-
phenolic organic acids (quinic, malic and fumaric acids)
were detected in large quantities. We determined the total
phenolic and flavonoid contents, and EA fraction showed the
highest values, followed by DCM and BuOH fractions. Fur-
thermore, the antioxidant action was dictated by five meth-
ods and the tested fractions demonstrated a noteworthy anti-
oxidant action. The study reports that the antioxidant effect
of different fractions of O. fistulosa from our plant may be
due to a synergism between polyphenols and other compo-
nents. In addition, the tested fractions displayed a good in-
hibitory activity of the AChE and BChE enzymes; being the
BuOH fraction the most potent one. Therefore, O. fistulosa
may be an important source of potential new cholinesterase
inhibitor drugs which could be utilized for the treatment of
neurodegenerative disorders such as Alzheimer’s disease.
Finally, tyrosinase inhibitory activity was investigated but
only BuOH fraction showed good activity. Therefore, O.
fistulosa might be a promising candidate for hyperpigmenta-
tion disorders and we recommend it for potential applica-
tions in medicine and cosmetics as whitening agents.
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