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Determination of phytochemical content by
LC-MS/MS, investigation of antioxidant
capacity, and enzyme inhibition effects of

nettle (Urtica dioica)
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Abstract. — OBJECTIVE: Urtica dioica L.
Subsp. dioica is an annual or perennial herba-
ceous plant belonging to the Urticaceae fami-
ly that has an important place in ethnobotany.
This study aimed to investigate the phytochem-
ical content and the inhibition effect on acetyl-
cholinesterase (AChE), which interact with be-
ta-amyloid to promote the deposition of amyloid
plaques and paraoxonase (PON1). This plays a
role in the regulation of HDL and LDL and an an-
tiatherogenic, and antioxidant capacity of Urti-
ca dioica.

MATERIALS AND METHODS: Phytochemi-
cal content was determined by the liquid chro-
matography/mass spectrometry (LC-MS/MS),
and to assess the enzyme inhibition and antiox-
idant capacity the spectrophotometer technique
was used. The antioxidant capacity of U. dioica
extracts (methanol, hexane, and water) was de-
termined by applying 2,2’-azino-bis (3-ethylben-
zothiazoline-6-sulfonic acid) (ABTS™), 2,2-di-
phenyl-1-picrylhydrazyl (DPPH*), ferric reduc-
ing antioxidant power (FRAP), and cupric ion re-
ducing antioxidant capacity (CUPRAC) methods.

RESULTS: The methanol extract of the U. dio-
ica exhibited significant inhibition on the AChE
(IC50= 0.098 * 0.011 mg/mL). However, metha-
nol and water extracts of the U. dioica did not
exhibit the inhibition effect on PON1. The high-
est activity for ABTS* was in the hexane extract
(55.97%), and for DPPH* was in the methanol
extract (62.42%). Compared to other solvents
(hexane and water), the methanol extract of the
U. dioica showed the highest activity for FRAP
and CUPRAC methods. Results (as absorbance)
were 0.302 for CUPRAC and 0.147 for FRAP in
the methanol extract of the U. dioica. The aceto-
hydroxamic acid, gallic acid, caffeic acid, ellag-
ic acid, p-hydroxybenzoic acid, and quercetin
were qualified and quantified in LC-MS/MS anal-
yses of Urtica dioica extract.

CONCLUSIONS: U. dioica, which has antiox-
idant, anti-atherosclerotic and neuroprotective
effects, has a natural medicine potential if com-
pared to synthetic drugs used in Alzheimer’s pa-
tients.
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Introduction

Nettle (Urtica dioica) is an annual or perenni-
al herbaceous plant belonging to the Urticaceae
family and the genus Urtica. It has a broad
distribution around the world and in different
regions of Turkey. Compared to other green
leafy plants, the nettle leaves are very nutritious,
easily digested, and contain a high amount of
protein, amino acids, minerals (calcium, potassi-
um, magnesium, phosphorus, and iron), vitamin
C, provitamin A, and carotenoids. The nettle is
one of those plants that is used both for food
and medicine and improves health. This plant
has been known for a long time as a medicinal
plant in many parts of the world. Nettle is ef-
fective in the central nervous system and is an
alternative plant that detoxifies and boosts the
metabolism'2. It was reported®® that U. dioica
prevented the damage of rat liver tissue struc-
ture’® and treated stomachache?, rheumatic pain?,
and liver insufficiency®. In traditional medicine,
it is stated”® that nettle has wide usage in the
treatment of diabetes, hypertension, gastrointes-
tinal diseases, and rheumatism pains.

Free radicals have the risk of oxidative dam-
age on the biomolecules. They eventually lead to
atherosclerosis, Alzheimer’s, cancer, diabetes,
aging, and other degenerative diseases’. Howev-
er, there are enzymatic (superoxide dismutase,
catalase, paraoxonase) and non-enzymatic (mel-
atonin, hemoglobin, ferritin, bilirubin) mech-
anisms, neutralizing the free radicals in the
body". If these mechanisms do not work regu-
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larly, it is necessary to take dietary antioxidants.
Secondary metabolites produced by plants have
antioxidant properties. Antioxidants from plants
can reduce oxidative damage caused by free rad-
icals and active oxygen''. Various phytochemi-
cals from teas, spices, and herbs and their effects
on health are studied notably.

The present study aimed to investigate the
antioxidant activity of U. dioica extracts by
using different antioxidant tests, including free
radical scavenging (ABTS*" and DPPH™) and
reducing power (FRAP and CUPRAC), and
evaluate the inhibition of U. dioica extracts on
acetylcholinesterase (AChE) and paraoxonase
(PON1). Additionally, it was determined the
phytochemical content of the plant by LC-MS/
MS.

Materials and Methods

Chemicals

The following compounds were used as stan-
dards in LC-MS/MS analysis: acetohydroxamic
acid (98%), catechin hydrate (> 99%), vanillic
acid (297%), thymoquinone (>97%), resveratrol
(99%), gallic acid (98%), caffeic acid (98%),
p-hydroxybenzoic acid (99%), salicylic acid
(99%), oleuropein (> 80%), phloridzin dihydrate
(> 99%), 2-hydroxy-1,4-naphthoquinone (97%),
myricetin (>96%), quercetin (98%), kaempferol
(>97%), and alizarin (97%) from Sigma-Aldrich
(Darmstadt, Germany); protocatechuic acid
(97%), butein (>98%), naringenin (>95%), sily-
marin (>95%), and luteolin (>98%) from Merck
(Darmstadt, Germany), syringic acid (97%) and
ellagic acid (95%) from Fluka (Buchs, Switzer-
land); curcumin (>99.5%) from Supelco (USA).
Butylated hydroxyanisole (BHA), butylated hy-
droxytoluene (BHT), 1,1-diphenyl-2-picryl-hy-
drazyl (DPPH), trolox, and trichloroacetic acid
(TCA) were obtained from Sigma-Aldrich (Ger-
many), and CuCl,, neocuprin, ammonium acetate
(NH,Ac), potassium ferricyanide [K,Fe(CN)],
potassium persulfate (K,S,0,), and 2,2-azino-bis
(3-ethylbenzothiazoline-6-sulfonic acid (ABTS)
were purchased from Merck (Darmstadt, Ger-
many).

Plant Samples

The nettle plant (Urtica dioica L. Subsp. dioi-
ca) was collected in May at Celikhan town, Adi-
yaman, Turkey and identified by a botanist from
Inonu University, Vocational School of Health
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Services, Malatya, Turkey). The herb was washed
with distilled water and then dried in the shade at
room temperature.

Sample Extraction

The powdered sample (5 g) was extracted
separately with 50 mL extraction solvents (wa-
ter, methanol, and hexane) using the maceration
method at room temperature. 1 mg/mL solution
was prepared from the dry extract obtained after
the filtration and evaporation processes and was
used in antioxidant capacity and enzyme inhibi-
tion studies. For LC-MS/MS analyses, only the
methanol extract was used.

LC-MS/MS Instrument and
Chromatographic Conditions

Qualitative and quantitative determination of
24 phytochemicals was carried out by a Nex-
era model Shimadzu HPLC coupled to a dual
MS instrument (Kyoto, Japan). The liquid chro-
matograph unit was equipped with LC-30AD
binary pumps, DGU-20A3R degasser, SIL-30AC
autosampler, and CTO-10AS column oven. The
separation was performed using an Inertsil ODS-
4 CI8 3 um reversed-phase analytical column
(150 mm x 4.6 mm). Gradient elution was per-
formed with 0.5 mL/min flow rate at 40°C, and
the injection volume was 4.0 pL. The mobile
phase consisted of solvent A (water, 5.0 mM
ammonium formate and 0.1% formic acid) and
solvent B (methanol, 5.0 mM ammonium formate
and 0.1% formic acid). The following elution
program was applied: 40-90% B at 0-20 min,
90-99% B at 20-23 min, 99-40% B at 23-24
min, and 4% B at 24-29 min. mass spectrometry
(MS) detection was performed using a Shimadzu
LCMS 8040 model triple-quadrupole mass spec-
trometer equipped with an ESI source operating
in both positive and negative ionization modes.
Liquid chromatography-electrospray ionization/
mass spectrometry/mass spectrometry (LC-ESI-
MS/MS) data were collected and processed by
Shimadzu LabSolutions software (Kyoto, Japan).
The multiple reaction monitoring (MRM) mode
was used to quantify the analytes. The assay of
phenolic compounds was performed following
two or three transitions per compound, the first
one for quantitative purposes and the second and
third one for confirmation.

The limits of detection (LOD) and limits of
quantitation (LOQ) of the LC-MS/MS method
for phytochemicals were calculated according to
following equations:
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LOD = X + 3SD
LOQ = X + 10SD

where X is the mean concentration of the blank
and SD is standard deviation of the blank'>.

Antioxidant Capacity of the Extracts

To determine the antioxidant capacity, the fol-
lowing tests were applied: DPPH free radical,
ABTS cation radical scavenging activity, cupric
reducing (CUPRAC), and ferric reducing (FRAP)
methods"*".

Enzyme Inhibition

A spectrophotometric method developed by
Ellman et al'® was used to evaluate the ace-
tyl-cholinesterase inhibitory activities. Paraox-
onase inhibitory activity of the extracts of U.
dioica extracts was determined according to the
protocol reported by Necip et al'’.

Results

LC-MS/MS system with high selectivity and
sensitivity was chosen for phytochemical anal-
yses in U. dioica. LOD, LOQ, linear range, and
R? were determined for the studied analytes
(Table I). Methanol extract of U. dioica was
used for the determination of phytochemicals
by LC-MS/MS. Acetohydroxamic acid, gallic
acid, caffeic acid, p-hydroxybenzoic acid, el-
lagic acid, and quercetin from phenolic com-
pounds were quantified in the methanol ex-
tract of U. dioica. Acetohydroxamic acid (52.54
mg/100 g) was found to be much higher than
other phenolic compounds. Catechin hydrate,
syringic acid, thymoquinone, resveratrol, pro-
tocatechuic acid, salicylic acid, oleuropein,
phloridzin dihydrate, 2-hydroxy-1,4-naphtho-
quinone, myricetin, butein, naringenin, sily-
marin, luteolin, kaempferol, alizarin, and cur-
cumin were under LOQ, and vanillic acid was
not detected (Table II).

The antioxidant capacity of the methanol, wa-
ter, and hexane extracts of U. dioica plant was
assayed with the following tests: DPPH free rad-
ical scavenging, ABTS cation radical scaveng-
ing, cupric reducing (CUPRAC), and ferric re-
ducing (FRAP). Results of antioxidant capacity
are given in Table III. DPPH and ABTS results
were expressed as percentage radical scavenging
activity, and CUPRAC and FRAP results were
expressed as absorbance. DPPH radical scaveng-

ing activity of 0.2 mg/mL U. dioica extract was
62.41 (methanol extract), 12.35 (water extract),
and 25.27% (hexane extract). FRAP-reducing
activity as absorbance was 0.147 (methanol ex-
tract), 0.118 (water extract), and 0.074 (hexane
extract) (Table III).

As seen in Table 1V, the U. dioica methanol ex-
tract inhibited 50% of the AChE at 0.098 mg/mL
(Figure 1). Water extract showed no inhibition
against AChE. Similarly, both methanol extract
and water extract exhibited no inhibition against
PON 1.

Discussion

The consumption of natural products is in-
creasing to help in the treatment of diseases.
So, studies about the effectiveness of plant-de-
rived compounds are of great interest since they
explore novel agents with treatment purposes.
Phenolic compounds are secondary metabolites
from plants and have a role in defense mecha-
nisms against herbivores, pests, pathogens, and
various abiotic stress factors in plants. Phenols
have some biological and pharmacological activ-
ity functions, including antioxidant, anti-inflam-
matory, anti-tumor, anti-viral, and anti-allergic
substances with potential health benefits. It is
stated'®!? that they are effective, especially in the
prevention and treatment of chronic diseases in
humans, including neurodegenerative, diabetes,
cancer, and cardiovascular diseases.

In the present study, different amounts of
acetohydroxamic acid, gallic acid, caffeic acid,
p-hydroxybenzoic acid, ellagic acid, and quer-
cetin in the methanol extract of U. dioica were
detected. The results of caffeic acid, ellagic acid,
and quercetin were comparable to those previ-
ously reported’®?. In one study conducted in
Poland, Jeszka-Skowron et al” quantified syrin-
gic acid, protocatechuic acid, p-coumaric acid,
ferulic acid, kaempferol, quercetin, and rutin by
LC-MS/MS in different parts (root, stem, leaves,
and aerial) of nettle. On the contrary, syringic
acid, protocatechuic acid, and kaempferol were
under LOQ in the present study. Garcia et al*
found similar amounts of caffeic acid (15-40
mg/g DW) by HPLC in the leaves of U. dioica
dried with different methods in Italy. On the oth-
er hand, Otles and Yalcin? found low amounts
of quercetin (0.038-0.45 mg/100 g) by HPLC in
the roots, leaves, and stalks of U. dioica. The
differences between the phenolic compounds in
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Table I. LAnalytical parameters for LC-MS/MS analysis.

Retention time Precursor ion Product ion LOD LOQ Linear range
Compounds (min) (m/z) (m/z) (ng/L) (ug/L) Linear regression (ug/L) R?

Acetohydroxamic acid 0.406 76.15 58 6.90 23.01 y=216.91x + 6.165.8 20-750 0.9989
Catechin hydrate 2.532 291 139.1 2.05 6.84 y=1.717.9x - 563.99 10-750 0.9988
Vanillic acid 2.762 168.95 65 84.78 282.61 y =48.343x + 662.5 250-1.000 0.9993
Syringic acid 3.001 199.1 140.1 2.88 9.61 y =112.03x + 1.316.1 10-500 0.9994
Thymoquinone 3.337 165 137 7.64 25.47 y =349.23x - 2.887.4 20-500 0.9971
Resveratrol 3.606 229 135 41.83 139.43 y =733.34x - 69.955 250-1.000 0.999
Gallic acid 1.278 169.1 124.9 3.92 13.06 y =305.07x - 1.859.3 10-100 0.9981
Caffeic acid 2.836 179 135 2.87 9.58 y =1.2272x - 5.396.5 10-100 0.9948
p-hydroxybenzoic acid 3.555 137.2 93.1 8.92 29.74 y =3.831.2x - 94.423 40-500 0.9996
Protocatechuic acid 3.556 181 108 2.76 9.20 y=1.382.2x - 4.393.1 10-500 0.9967
Salicylic acid 3.558 137.2 93 22.88 76.25 y =3.838.2x - 149.277 75-1.000 0.9977
Oleuropein 3.567 539.1 377 717 23.90 y =324.26x - 5.388.8 40-750 0.9997
Phloridzin dihydrate 3.594 435.1 273.1 81.80 272.67 y =120.23x - 9.479.5 250-1.000 0.9989
2-Hydroxy-1.4- 3.664 173.1 145 2.07 6.91 y =461.45x - 4.553.8 10-500 0.9989
naphthoquinone

Myricetin 3.644 317 1791 4.34 14.45 y =588.4x - 4.990.6 20-500 0.9987
Ellagic acid 3.681 301.1 228.9 23.74 79.14 y = 18.841x + 911.46 100-1.000 0.9967
Quercetin 3.891 301.1 150.9 7.79 25.98 y =150.09x - 422.87 20-500 0.9997
Butein 3.935 271 134.9 38.50 128.20 y=62.943x -2.793 100-1.000 0.996
Naringenin 3.952 271 150.9 68.40 228.10 y =700.8x - 26.469 250-1.000 0.9997
Silymarin 3.996 481.1 453.1 8.00 26.70 y =199.91x + 950.97 40-750 0.9997
Luteolin 4.069 285 150.9 6.40 21.40 y =1.389x - 40.923 40-1.000 0.9988
Kaempferol 4.298 285 117 3.90 13.00 y =62.513x - 821.08 20-1.000 0.9982
Alizarin 4.594 239 211 15.30 51.10 y =26.512x - 1721 60-2.000 0.9991
Curcumin 4.672 367.1 216.9 12.80 4270 y=1.908.9x - 8.252.1 40-1.000 0.9994
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Table II. Results of qualitative and quantitative determination of phytochemicals in U. dioica extract by LC-MS/MS.

Compounds Means = SD (mg/100 g) Compounds Means = SD (mg/100 g)
Acetohydroxamic acid 52.54 +£1.88 Phloridzin dihydrate <LOQ
Catechin hydrate <LOQ 2-Hydroxy-1,4-naphthoquinone <LOQ
Vanillic acid Not Detection Myricetin <LOQ
Syringic acid <LOQ Ellagic acid 6.21 +0.60
Thymoquinone <LOQ Quercetin 2.31+0.08
Resveratrol <LOQ Butein <LOQ
Gallic acid 2.80+0.03 Naringenin <LOQ
Caffeic acid 13.48 +0.18 Silymarin <LOQ
p-hydroxybenzoic acid 1.78 £ 0.15 Luteolin <LOQ
Protocatechuic acid <LOQ Kaempferol <LOQ
Salicylic acid <LOQ Alizarin <LOQ
Oleuropein <LOQ Curcumin <LOQ

Data represent average values + standard deviation (SD) of three independent samples.

Table Ill. CAntioxidant capacity of 0.2 mg/mL concentration of U. dioica extracts, BHA, BHT, and trolox.

DPPH ABTS FRAP CUPRAC
% Absorbance
Methanol extract 62.41 £5.13 35.34 £ 4.80 0.147 £0.017 0.302 +0.017
Water extract 1235+ 1.87 8.75+0.94 0.118 £ 0.013 0.205 4+ 0.012
Hexane extract 25.27+3.06 55.97 +£3.05 0.074 £ 0.011 0.106 £ 0.013
BHA 79.07 £ 6.39 93.65+4.71 0.748 £ 0.034 0.639 £ 0.010
BHT 46.25+4.21 58.21 +2.66 0.520 + 0.034 0.646 +0.021
TROLOX 88.20 £ 4.09 90.03 +3.07 0.537 £0.028 0.613 £ 0.032

Data represent average values + standard deviation of three independent samples.

U. dioica plant depend on the soil, the processes
after harvesting, the extraction process, and the
analysis methods.

According to DPPH, FRAP, and CUPRAC
test results, methanol extract showed the highest
antioxidant activity. However, the ABTS result
of hexane extract was higher than other solvents
(methanol and water) extracts. As shown in
Table 111, the antioxidant capacity of U. dioica
extracts was compared with those of butylated

hydroxyanisole (BHA), butylated hydroxytol-
uene (BHT), and trolox. U. dioica methanol
extract (62.41%) showed higher activity than
BHT (46.25%) but lower than BHA (79.07%)
and trolox (88.20%) in DPPH free radical scav-
enging activity. Hexane extract (55.97%) ex-
hibited an activity close to BHT (58.21%) but
lower than BHA (93.65%) and trolox (90.03%)
in ABTS cation radical scavenging activity. In
the activity tests of FRAP and CUPRAC, all sol-

Table IV. Inhibition effect of U. dioica extracts on AChE and PON1

Inhibition against AChE

Inhibition against PON1

IC,, (mg/mL)

Methanol extract 0.098 + 0.011
Water extract NI

NI*
NI

*No inhibition.
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Figure 1. Inhibition curve on AChE activity of U. dioica
extracts.

vents’ extracts showed weak activity compared
to BHA, BHT, and trolox (Table III). In previous
studies, Colak et al?' reported that the ethanol
extract (21.53 pg AAE/g) of U. dioica showed
higher activity than the water extract (10.29
21.53 ng AAE/g) in the FRAP test, whereas
ethanol extract (6.20 ng AAE/g) was lower than
water extract (13.77 pg AAE/g) in the DPPH
test. Besides, in the study of Ertag et al®?, the
methanol extract of Sedum sediforme exhibit-
ed higher antioxidant activity than petroleum
ether, acetone, and water extracts in DPPH,
ABTS, and CUPRAC tests. According to these
data, it was deduced that antioxidant activity
changed depending on the extraction solvent,
plant genus, and test. Giilgin et al** evaluated the
antioxidant capacities of the nettle plant from
Erzurum, Turkey, using DPPH method. They
found an antioxidant capacity with a value of
37% (ethanol extract), which is lower than the
values (62.41% in the methanol extract) obtained
in the present study. Florez et al** reported
that the antioxidant activity values according to
DPPH and ABTS tests using different extraction
methods in the U. dioica plant ranged between
25.8% and 90.2% and between 8.1% and 90.4%,
respectively, consistent with the results of the
present study. In a study® from Giresun, Tur-
key, the CUPRAC-reducing activity of U. dio-
ica extracts (ethanol, chloroform, and hexane)
ranged between 0.241 and 0.557 as absorbance,
similar to the present study. Antioxidant activity
is mostly attributed to the phenolic compounds
performing as free radical scavenging, reducing
power, and metal chelate activity*'. The number
of phenolic hydroxyl groups plays an important
role in the free radical scavenging activity?.
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Overactivity of AChE increases the hydroly-
sis of the neurotransmitter acetylcholine in the
cholinergic system, which causes Alzheimer’s
disease. Some AChE inhibitors used for this
disease have a role in increasing angiogenesis
in cardiovascular patients. Some studies?* re-
vealed that the U. dioica extract has a neuro-
protective effect on neurodegenerative diseases.
The anticholinesterase activity of plant extracts
was associated with quercetin and ellagic acid
presence as well as other phenolic compounds in
plants?2*, Is1k?® reported that Salvia officinalis
extracts inhibited 50% of AChE at 0.136 mg/mL;
the inhibition was lower than the present study
(IC,,= 0.098 mg/mL).

PONI enzyme bound to HDL in serum pre-
vents lipoprotein oxidation by hydrolyzing lipid
peroxides with oxidized LDL structure with its
antioxidant feature®. The U. dioica extracts ex-
hibited no inhibition on PONI in the present
study. It was reported®* that the U. dioica seed
extract had a protective effect on hepatic damage
created with ischemia-reperfusion and exhibited
a liver protection effect by increasing the activity
of paraoxonase, arylesterase, and liver tissue cat-
alase activity.

Conclusions

The phenolic compounds consisting of aceto-
hydroxamic acid, gallic acid, caffeic acid, p-hy-
droxybenzoic acid, ellagic acid, and quercetin in
the U. dioica methanol extract were quantified.
Methanol extracts exhibited higher antioxidant
activity than water and hexane extracts, accord-
ing to DPPH, CUPRAC, and FRAP tests. In the
ABTS test, hexane extract has higher antioxidant
activity than other solvent extracts. Results re-
vealed that the U. dioica extracts have remarkable
antioxidant activity. Additionally, the U. dioica
extracts show strong inhibition on the AChE but
no inhibition on PONI1. Oxidative stress induced
by free radical formation forms the biological
basis of arteriosclerosis, diabetes, neurodegener-
ative diseases, and cancer. Based on present data,
U. dioica extract has the effect of free radical
inhibitor or scavenger activity as well as an an-
tioxidant which may limit free radical damage,
and it may offer great potential opportunities
in preventing and controlling neurodegenerative
disorders such as Alzheimer’s and Parkinson’s
diseases.
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