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Aging is an unavoidable fate that afflicts all life, during this process in mammals reactive oxygen species
(ROS) are generated which stimulate tyrosinase, elastase and collagenase activities that actively
participate in skin aging. Therefore, the maintenance of antioxidant homeostasis is an important anti-
aging strategy for skin. Nature has excellent anti-aging remedies that act externally as well as internally
to delay the visual signs of aging. In view of this fact, the present study investigates the in vitro anti-aging
activity of five medicinal plants belonging to phenolic rich families namely Rosmarinus officinalis,
Lavandula officinalis, Matricaria chamomilla, Camellia sinensis and Pelargonium graveolens. The selected
plants are those most frequently used in the preparation of ethnomedicinal recipes for the prevention or
treatment of aging. The inhibitory effects of the ethanolic and aqueous extracts of the five selected
plants on the activity of tyrosinase, elastase, and collagenase enzymes were investigated. Furthermore,
the chemical composition of the plants and the antioxidant capacity of their extracts were assessed. The
results showed that R. officinalis had the highest total phenolics content which was correlated with its
potent antioxidant and anti-aging activities. To pinpoint the active metabolites in the tested extracts, we
evaluated the metabolite variations using ultra-performance liquid chromatography coupled with high
resolution electrospray ionization-tandem mass spectrometry (UPLC-HR-ESI-MS/MS). Multivariate data
analysis (MVDA) revealed that R. officinalis significantly accumulated metabolites from the aromatic
diterpenoid, flavonoid and phenolic acid classes. These results indicate that rosemary can be used for
further development of topical preparations with anti-aging properties.
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dependent/chronological aging (intrinsic aging) and prema-
ture aging/photoaging which is also known as extrinsic aging."
Intrinsic aging appears by the effect of time, due to genetic
factors and most commonly due to the imbalance between the
natural antioxidants and the generated free radicals, all these
factors may contribute to the appearance of aging alongside
hormonal changes that can also cause wrinkling of the skin.”
On the other hand, sunlight, especially ultraviolet (UV) radia-
tion plays a crucial role in photoaging or extrinsic skin aging.?
Photoaging usually causes a leathery appearance of the skin,
dark/light pigmentation and deep furrows.*

1. Introduction

Aging is an unavoidable process that all organisms must face.
The effect of aging on the human body appears very clearly on
the skin. Aging can be categorized into two main types: age-
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The human body is continuously exposed to oxidative stress
(OS) resulting from the excessive reactive oxygen species (ROS)
such as superoxide anions, hydroxyl radicals and hydrogen
peroxide on one side and disturbed antioxidant protection
machinery on the other side.>® Excessive OS and ROS genera-
tion contributes to DNA mutation, protein damage, cellular
apoptosis, inflammation and tissue damage leading to the
progression of aging.® OS and ROS play major roles in the aging
of skin.” Skin aging occurs as a result of the damage of its
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outermost layer, known as the extracellular matrix (ECM), this
layer contains collagen and elastin which are crucial for skin
integrity and elasticity.>® Activation of some enzymes such as
collagenase, hyaluronidase and elastase are responsible for
damage of ECM which directly causes the appearance of skin
aging.*'® Skin strength and elasticity depend mainly on collagen
that is considered as the skin building unit. Activation of such
enzymes, cause a decrease in the collagen and elastin levels in
the skin with a resultant loss of its strength and elasticity and
the development of aging."

Daily exposure to sunlight especially in middle-aged indi-
viduals, can also cause increase in the production of melanin
pigment which may lead to skin darkening and hyperpigmen-
tation. This process may be stopped through the inhibition of
tyrosinase enzyme, the key enzyme in synthesis of melanin.'*
When the skin absorbs UV radiation, ROS generation increased
with induction of oxidative stress, which leads to the activation
of tyrosinase, elastase and collagenase enzymes with further
appearance of skin aging."*>*

Herbs are invaluable sources of secondary metabolites that
can be incorporated in sunscreens and skin lightener prepara-
tions. Many in vitro experiments have proven the efficacy of
many herbs as elastase, tyrosinase and collagenase
inhibitors.***¢

African people, in particular, suffer from harsh sun, and for
these peoples skin care preparations are too expensive.
Accordingly, the authors have seen that exploring plants for
drug discovery of anti-aging preparations is essential. Five
plants, that are most frequently used in the preparation of
ethnomedicinal recipes, were chosen to evaluate their anti-
collagenase, anti-tyrosinase, anti-elastase and anti-oxidant
activities. The selection of the five plants was dependent on
the reported use against wound healing, skin ageing or due to
their antioxidant activity. Lavender (Lavandula officinalis L., f.
Lamiaceae) and chamomile (Matricaria chamomilla L., f. Aster-
aceae) are used to enhance wound healing.'”*® Pelargonium
(Pelargonium graveolens L., f. Geraniaceae) was reported to have
antioxidant activity.' Green tea leaves (Camellia sinensis L., f.
Theaceae) contain catechins which possess a protective effect
against skin ageing.”* In addition, rosemary (Rosmarinus
officinalis L., f. Lamiaceae) was reported to have anti-aging
activity.”* However, there is lack of information in the context
of the application of these herbs as anti-aging agents. The
chemical profile of these plants have not been compared and
correlated to the anti-aging potential.

The application of sophisticated modern analytical tech-
niques for profiling of metabolites in different biological
systems has gained growing interest in the last decades.*”
Metabolomics has emerged as a versatile tool for comprehen-
sive analysis of the metabolome for food, nutraceutical,
medicinal and pharmaceutical applications.”®> Metabolomics
studies can be performed using either targeted or untargeted
approaches.* In targeted metabolomics approaches, a specific
set of known metabolites is analyzed in a quantitative or semi-
quantitative manner.*® By contrast, untargeted metabolomics
achieves the comprehensive analysis of all measurable analytes
without necessarily identifying all compounds.”® Due to its
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comprehensive nature, datasets generated from untargeted
metabolomics are subjected to chemometric methods, such as
multivariate data analysis (MVDA), to reduce data complexity.?”
MVDA achieves pattern-recognition through application of
supervised or unsupervised methods.*® In unsupervised anal-
ysis methods such as principal component analysis (PCA),
hierarchical clustering analysis (HCA) and self-organizing maps
(SOMs), the similar patterns are identified without considering
the labels of the study samples.*® By contrast, the supervised
methods such as partial least squares (PLS) use the sample
labels to assign feature(s) to a phenotype of interest.?

Accordingly, in this work, the aqueous and ethanolic extracts
of R. officinalis, L. officinalis, M. chamomilla, C. sinensis and P.
graveolens were tested for their inhibitory effect on tyrosinase,
elastase and collagenase enzymes in correlation with their
antioxidant potentiality. Ethanolic and aqueous extracts of R.
officinalis exhibited the highest phenolic content and antioxi-
dant activity that were positively correlated with the highest
anti-aging activity. Moreover, an untargeted metabolomics
approach was adopted to investigate and compare the chemical
profiles of the tested extracts. This comprehensive metabolite
analysis was achieved using ultra performance liquid chroma-
tography coupled with high resolution electrospray ionization-
tandem mass spectrometry (UPLC-HR-ESI-MS/MS). The subse-
quent chemical profiling and chemometric analysis have led to
the identification of a range of metabolites, mostly represented
by diterpenoids, coumarins and flavonoids. The identified
metabolites were detected at higher levels in R. officinalis and
were correlated to the antioxidant capacity and anti-aging
potential.

2. Materials and methods
2.1 Chemicals and reagents

Gallic acid and folin ciocalteu as well as chemicals for ORAC
assay such as sodium fluorescein, 2,2'-azobis(2-
amidinopropane)dihydrochloride (AAPH), 6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid (Trolox®), Nunc Micro-
well™ plates, phosphate buffer (pH 7.4) were purchased from
Sigma Aldrich. ORAC experiment was performed on fluorom-
eter, FLUOstar OPTIMA, Franka Ganske, BMG LABTECH,
Offenburg, Germany. DPPH free radical solution, vitamin C
(ascorbic acid), mushroom tyrosinase enzyme obtained from
mushroom, 1-3,4-dihydroxyphenylalanine (.-DOPA), potassium
dihydrogen orthophosphate (pH 6.5), potassium hydroxide,
hydroquinone monomethyl ether, elastase enzyme, substrate:
(N-methoxy-succinyl-Ala-Ala-Pro-Val-P-nitro-anilide),

tris(hydroxymethyl)-methyl-2-aminoethane  sulfonate (TES)
buffer, HEPES buffer which is abbreviation for (4-2-hydrox-
yethyl-L-piperazine ethane sulfonic acid), pH = 7.5, elafin
positive control, collagenase type 1 from Clostridium histo-
lyticum, FALGPA substrate (N-[3-(2-furyl)acryloyl]-Leu-Gly-Pro-
Ala) and epigallocatechin gallate (EGCG) were purchased from
Sigma Aldrich. UV recordings were made on ELX 808 (Bio Tek
Instrumental, Italy), plates were purchased from (Mekkawy,

Egypt).
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2.2 Plant material

The aerial parts of rosemary (Rosmarinus officinalis L.), lavender
(Lavandula officinalis L.), chamomile (Matricaria chamomilla L.),
pelargonium (Pelargonium graveolens L.) and the leaves of green
tea (Camellia sinensis L.) were obtained from the Experimental
Station of Medicinal and Aromatic Plants, Pharmacognosy
Department, Faculty of Pharmacy, Cairo University, Giza, Egypt.
The plants were kindly authenticated by Prof. Dr Wafaa Amer,
Department of Botany, Faculty of Science, Cairo University,
Giza, Egypt.

2.3 Preparation of extracts

For the aqueous extracts, the dried plant material of each plant
(50 g) was macerated in 1.2 L distilled water followed by boiling
for 2 h followed by filtration.** The extracts were subjected to
lyophilisation, and the lyophilized residue were weighed to yield
20, 22, 18, 19 and 18 g for rosemary, chamomile, pelargonium,
lavender and green tea, respectively. For the ethanolic extracts,
the dried powder of each plant (50 g) were macerated in 1.2 L of
95% ethanol and heated under reflux conditions for 2 hours at
70 °C. The extracts were then filtered. The final extracts were
filtered and the solvents were evaporated using the rotary
evaporator.** The yield was 17, 20, 21, 22 and 23 g for rosemary,
chamomile, pelargonium, lavender and green tea, respectively.

2.4 Quantitative estimation of the total phenolic content

The total phenolic contents were determined spectrophoto-
metrically adopting the folin-ciocalteu colorimetric method.**
Gallic acid stock solution was first prepared (1 mg mL ™" in
methanol) and serial dilutions were prepared (20-280 pg mL ™)
to construct the standard calibration curve. Each extract or the
standard (10 pL) was mixed with 2% Na,CO; (10 L), and of 50%
folin ciocalteu reagent (10 pL). Absorbance of the mixture was
measured at 760 nm against a blank (methanol instead of the
test solution). The results were calculated as gallic acid equiv-
alents (GAE). Three measurements were used for each
concentration.

2.5 Quantitative estimation of the total flavonoid content

Definite amount of each extract (125 pL) was mixed with 5%
NaNO, solution (75 pL) then, the mixture was left for 6 min.
After adding aluminium trichloride (10%) (150 pL), the
mixtures were incubated for 5 min, then 1 M NaOH (750 uL) was
added. Using distilled water, the solution was adjusted to 2500
pL. The solution was incubated for 15 min then the absorbance
was measured at 510 nm. The total flavonoids content was re-
ported as mg catechin equivalent.*

2.6 DPPH radical scavenging assay

The estimation of radical scavenging activity was done accord-
ing to the method of ref. 34. DPPH (2,2-diphenyl-L-picrylhy-
drazyl), a stable radical, is reduced after reaction with an
antioxidant compound and its absorbance at 517 nm is then
reduced. The reaction mixture contained 500 pL of each extract,
375 pL ethanol and 125 pL of a 1 mm freshly prepared DPPH

This journal is © The Royal Society of Chemistry 2020
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solution in ethanol. Different concentrations of test samples
were prepared while the final concentration of DPPH in the
reaction mixture was 0.125 mM. The tested samples were
incubated in the dark for 30 min at 37 °C. Blank samples con-
tained the same amount of methanol and DPPH solution. All
measurements were carried out in triplicate. Ascorbic acid was
used as a reference standard. Percentage radical scavenging
activity of samples was calculated using the radical scavenging
activity:

(%) = (Ablank - Asample/Ablank) x 100

ICs, values were calculated from the graph plotted for the
concentration in ug mL ™" against the percentage inhibition.

2.7 ORAC radical scavenging assay

Tested samples were mixed with phosphate buffered saline
(10 mM, pH 7.4) and investigated for their antioxidant activity.
The time course for the fluorescein decay induced by AAPH
compared to the positive control Trolox was used to evaluate the
antioxidant capacity.**?¢

2.8 Determination of anti-tyrosinase activity

Inhibition of tyrosinase was determined using Rauniyar et al.*’
method, hydroquinone monomethyl ether was used as a stan-
dard. Tyrosinase enzyme (5600 units per mL) (80 uL) was mixed
with 80 uL of 1 mg mL ™" hydroquinone monomethyl ether or
the extract solution in DMSO incubated at 37 °C for 15 min.
Then r-3,4-dihydroxyphenylalanine (.-DOPA) (40 pL) was added
and incubated at 37 °C for 30 min to obtain 1 mM of .-DOPA as
the final concentration. Absorbance of dopachrome was read at
475 nm ELX 808 (Bio Tek Instrumental, Italy). Blanks without
any inhibitor/samples served as control. Hydroquinone mono-
methyl ether was used as a standard. Percentage of inhibition is
calculated using the formula: 100 — [(Asampie/Acontrol) X 100].

2.9 Determination of anti-elastase activity

The anti-elastase activity was assessed in accordance with the
method of Kraunsoe et al.,*® with minor modifications. 25 pL of
human leukocyte elastase (1 pg mL™") was mixed with 25 uL of
the extract or standard (1.4 mg mL~" in DMSO) and 25 uL of
HEPES buffer (pH 7.5). The samples were incubated at 25 °C for
20 min. After adding the substrate N-methoxysuccinyl-Ala-Ala-
Pro-Val-p-nitroanilide (1 mM), the mixture was incubated for
40 min at room temperature. Absorbance was measured at
405 nm using ELX 808 (Bio Tek Instrumental, Italy). Elafin was
used as standard using the following concentration range (1-10
pg mL ™). Blank samples without any inhibitor/samples served
as control.

2.10 Determination of anti-collagenase activity

To determine the anti-collagenase activity, 25 pL of collagenase
enzyme (1 mg mL "), 25 uL of TES buffer (50 mM) and 0.36 mM
calcium chloride (pH 7.4) were mixed with the extract or stan-
dard (1.4 mg mL™' in DMSO) and incubated in at 37 °C for
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20 min.*® After adding 100 pL of FALGPA, the mixtures were
incubated for 60 min at 37 °C. Equal volumes of 200 mM citrate
buffer (pH 5) and ninhydrin solution were mixed and 200 pL of
this solution was added. Further incubation at 100 °C for 5 min
was done, and then 200 pL of 50% isopropanol was added after
cooling to left to room temperature. Epigallocatechin gallate
(EGCG) was used as standard using the following concentration
range (1-10 pg mL™"). Blank samples without any inhibitor/
samples serves as control. Absorbance was detected at 540 nm
using ELX 808 (Bio Tek Instrumental, Italy). The percentage
inhibition was calculated as for elastase.

2.11 UPLC-MS/MS analysis

The metabolites of the extracts were analyzed using RP High
Strength Silica (HSS) T3 C18 column (100 mm X 2.1 mm con-
taining 1.7 pm diameter particles, Waters), using a Waters
Acquity UPLC system.*” The mass spectra were acquired by full
scan MS in both postive and negative ionization modes on an
exactive high resolution orbitrap-type MS (Thermo Fisher, Bre-
men, Germany).*!

2.12 Statistical analysis

All the measurements were done in triplicate to obtain the
mean values and standard deviations (SDs). The ICs, values
were calculated from the linear regression curve constructed of
the percentage inhibition on the y-axis and extracts concentra-
tions on the x-axis.”” All analysis were done using the SPSS v.
22.0 (IBM, Chicago, USA). Microsoft Excel 2010 was applied for
graph construction. All the obtained data from metabolite
profiling were analyzed and correlated using metaboanalyst
(https://www.metaboanalyst.ca/).**

3. Results

3.1 Determination of the anti-aging activity of the tested
extracts

The anti-tyrosinase activity of the aqueous (AE) as well as the
95% ethanoic (EE) extracts of the selected herbs (lavender,
chamomile, pelargonium, green tea and rosemary) was evalu-
ated based on the conversion of 1-DOPA to dopaquinone by
mushroom tyrosinase.** The results indicated that rosemary AE
and EE showed the highest inhibitory activity of tyrosinase (ICs,
= 65.03 + 4.88 and 55.03 + 3.88 pg mL ', respectively),
compared to the standard hydroquinone monomethyl ether
(with IC50 = 330.0 + 4.1) (Fig. 1). The EE of chamomile, AE and
EE of green tea (IC5o = 172.44 4+ 10.1, 257.18 £ 27.19 and 210.25
+ 28.1 ug mL™ ", respectively), showed lower inhibitory activity
than rosemary but stronger activity than that of the standard.
Pelargonium was shown to exhibit the lowest inhibitory activity
(ICs0 = 455.27 + 18.15 ug mL ™).

The effects of the extracts on elastase activity indicated that
the AE and EE of rosemary showed the highest inhibition
activity (ICs, = 45.11 + 2.11 and 58.22 + 3.21 pg mL ™,
respectively), followed by the AE and EE of green tea (ICs, 100
6.43 and 90 + 1.34 pg mL~ ") (Fig. 1). Moreover, the AE and EE of
chamomile displayed significant activity with IC5, = 130.29 +
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5.09 and 121.55 #+ 10.1 g mL ™', respectively, when compared to
the standard elafin (ICs, = 250.0 + 12.6 pg mL™"). Additionally,
the EE of rosemary showed the strongest inhibition activity of
collagenase enzyme with ICs, = 100.32 + 3.33 pg mL™", fol-
lowed by EE of green tea (ICso, 100.1 + 3.89 pg mL™'). This
activity was comparable to the standard epigallocatechin gallate
(EGCG) (ICs0 = 112.12 £ 9.4 ug mL ™).

3.2 Determination of radical scavenging activity of the tested
extracts

The antioxidant activity of the tested extracts was measured by
2,2-diphenyl-1-picrylhydrazyl (DPPH) and oxygen radical absor-
bance capacity (ORAC) assays. DPPH, which is the most
commonly used assay for evaluation of the antioxidant activity of
plant extracts, is based on the discoloration produced when an
antioxidant reacts with the stable free radical DPPH".*> All the
tested extracts were evaluated and compared to ascorbic acid,
which has strong antioxidant properties, as a reference stan-
dard.* The AE and EE of rosemary (IC5, = 5.90 + 1.33 and 5.21 +
1.37 pg mL ™, respectively) showed the highest activity, followed
by the AE of green tea (IC5o = 12 + 2.91 pg mL™ ") (Fig. 2). The AE
and EE of lavender showed the lowest antioxidant activity (IC5, =
50 + 1.45 and 70.45 4 1.32 pg mL ™", respectively).

The oxygen radical absorbance capacity (ORAC) assay
measures the antioxidant capacity of a molecule based on the
ability of AAPH  (2,2'-azobis(2-methylpropionamidine)
dihydrochloride) to generate peroxyl free radicals as ROS. A
fluorescent signal from a probe is quenched in presence of ROS
and persist in presence of antioxidants.*” All the tested extracts
were evaluated and compared to Trolox, which has strong
antioxidant properties, as a reference standard.*® The highest
antioxidant activity was noted for the AE and EE of rosemary
(5.75 £ 1.23 and 6.21 + 1.48 pg mL ™, respectively), while the AE
and EE of lavender showed the lowest antioxidant activity (47 +
2.66 and 71 + 2.33 pg mL ") (Fig. 2).

3.3 Determination of total phenolics and flavonoids content

The total phenolic and flavonoid contents of the AE and EE of the
five plants were determined spectrophotometrically using folin
ciocalteu reagent and aluminium trichloride assay, respectively.
The highest phenolic content was detected in both AE and EE of
rosemary (480 + 0.44 and 490 £ 0.55 pg of GAE per mg extract),
followed by AE and EE of green tea (455.76 + 0.49 and 467.3 +
0.75 pg of gallic acid equivalent per mg extract) (Fig. 2). The
highest flavonoid content was detected in the AE and EE extracts
of rosemary (219.88 + 0.01 and 260.8 + 2.1 pg catechin equiva-
lent per mg extract) (Table 1), followed by aqueous and ethanolic
green tea extracts (450.76 + 0.49 and 460.3 + 0.75 pg catechin
equivalent per mg extract). Intriguingly, the content of total
phenolics was positively and significantly correlated with anti-
oxidant capacity and in vitro anti-aging activity (Table 1).

3.4 UPLC-HR-ESI-MS/MS analysis and metabolite
identification

In order to elucidate which metabolites discriminated the rose-
mary extract from other extracts in terms of high antioxidant

This journal is © The Royal Society of Chemistry 2020


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d0ra06047j

Open Access Article. Published on 26 August 2020. Downloaded on 3/5/2026 4:59:05 PM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

[{ec

Paper

Anti-tyrosinase activity

MEE WAE

= 350
£ 300
2250
g 200
£ 150
100
50
e [ §

Hydroquinone Rosemary Greentea  Pelargonium Chamomile EE Lavender
monomethyl
ether

View Article Online

RSC Advances

Anti-elastase activity

g

MEE NAE

Elafin Rosemary Greentea  Pelargonium Chamomile Lavender

1Csq (ug/ml)
u‘l—ib—iNNU)whb
0888888888

Anti-collagenase activity

3000

2500

1Csp (ng/ml)
g 8 8 8

o

BEE WAE

EGCG Rosemary EE  Greentea Pelargonium Chamomile Lavender

Fig.1 Anti-tyrosinase, anti-elastase and anti-collagenase activities of rosemary, lavender, green tea, pelargonium and chamomile aqueous (AE)
and ethanoic (EE) extracts. The results are expressed as the mean + SD, n = 3.
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Table 1 Pearson's correlation coefficients indicating the relationship between phenolics and in vitro anti-aging activity®

Total phenolics Total flavonoids IC;o DPPH ICs, ORAC ICs, anti-tyrosinase ICs, anti-elastase ICs, anti-collagenase

Total phenolics 1

Total flavonoids 0.999% 1

IC5, DPPH —0.569° —0.563P 1

ICso ORAC —0.542° —0.536" 0.99°
ICs, anti-tyrosinase ~ —0.48" —0.459° 0.638%
IC5, anti-elastase —0.47° —0.458 0.758%
ICs, anti-collagenase —0.012 —0.001° 0.092

1

0.56° 1

0.69% 0.904% 1

0.029 0.478° 0.599° 1

“ a and b indicate that the correlation is significant at p < 0.001 and 0.01, respectively.

MassBank  (www.massbank.jp) and  METLIN  (http://
metlin.scripps.edu). An accuracy error of 10 ppm was set in the
MS search and the fragments were verified in MS/MS search.
Moreover, the characteristic molecular ion and corresponding
fragments were confirmed to exhibit a pattern of co-elution.

An exemplary description for the identification of rosmarinic
acid is shown in Fig. 3. The extracted ion chromatograms (EIC)
of its protonated adduct was detected at m/z 361.09 [M + H]" and
a retention time of 8.12 min. The predicted molecular formula
for this adduct was C;3H;,0g. The MS spectra of the compound
showed dimer, trimer and tetramer molecules that also co-
eluted at the same retention time (Fig. 3A). In negative ioniza-
tion mode, a deprotonated adduct at m/z 359.07 [M — H]~ eluted
at the same retention time. The predicted molecular formula for
this adduct was C;3H;505 (Fig. 3B). A deprotonation followed by
addition of formic acid [M + FA — H|™ at m/z 405.08 was also
detected together with dimer, trimer and tetramer molecules.
Searching the molecular formula against common MS data-
bases showed that the formula could be tentatively assigned to
rosmarinic acid. Using the information from tandem mass
spectrometry, confirmation of the compound identification was
based on the detection of the characteristic fragment ions. For
instance, the loss of water molecule from the protonated adduct
was detected at m/z 343.08 in positive ionization mode. A caffeic
acid fragment was detected at m/z 179.03 in negative ionization
mode together with its dissociation (Fig. 3C). The loss of water
and carbon dioxide from the caffeic acid fragment gave char-
acteristic ions at m/z 161.02 [M — H — H,0]™ and m/z 135.04 [M
— H — COOJ ", respectively.

Using the same approach, all other metabolites were iden-
tified by their accurate mass measurements and MS/MS spectral
data (Table S1). Among the identified compounds, GMCA [2-p-
p-glucopyranosyloxy-4-methoxycinnamic acid] was a major
phenolic detected in the negative mode at Rt 5.69 min with [M —
H] at m/z 355.103. Tonghaosu and a-bisabolol oxide C were
detected peaks in the positive mode with [M + H] at m/z
201.0905 and 239.2000, respectively. In the negative mode at Rt
8.42 min, a peak with [M — H] at m/z 193.0497 and [M + H] at m/z
195.06505 identified as ferulic acid, while 4-methylumbellifer-
one showed abundant peak detected in the positive mode at Rt
9.78 min at m/z 177.0545 for [M + H].

At Rt 7.12 min in the negative mode, a peak was detected
showing [M — H] at m/z of 463.08807 and was also detected in

31516 | RSC Adv, 2020, 10, 31511-31524

the positive mode as [M + H] of 465.102 and identified as
quercetin 3-O-glucoside, while kaempferol 3-p-galactoside was
detected at Rt 7.97 min with [M — H] at 447.09375. O-Coumaric
acid 2-glucoside was detected at Rt 5.10 min with [M — H] at m/z
325.0925 and [M + H] at m/z of 327.10672. Some volatile
constituents such as carylophyllene oxide was detected at Rt
14.31 with [M + H] at m/z 207.17412. Tannin derivatives such as
glucogallic acid, theogallin, epigallocatechin, epigallocatechin
gallate and catechin gallate were identified and were charac-
teristic to green tea. The positive mode analysis of both the
aqueous and ethanolic extracts of green tea showed one major
peak at Rt 5.27 with [M + H] at m/z of 195.0875 which was
identified as caffeine. An abundant peak at Rt 13.89 with [M —
H] at m/z 329.1753 and [M + H] at m/z 331.1896 was identified as
the phenolic diterpene carnosol. Another peak at Rt 14.54 min
with [M — H] at m/z 331.1911 and [M + H] at m/z 333.2054
identified as the benzenediol abietane diterpene carnosic acid.
A major peak at Rt 8.12 min with [M — H] at m/z 359.0728 was
identified as rosmarinic acid.

3.5 Classification of the tested extracts by multivariate data
analysis

The chemical profiles of the analyzed extracts from the selected
plants were compared by the non-targeted UPLC/MS analysis
coupled to chemometrics analysis. Principal component anal-
ysis (PCA) is a non-supervised multi-variate statistical method
used to identify the directions of maximum data variability. PCA
analysis of the extracts from the five selected plants revealed
that the first two PCs explained 54.4% of the total variance
(Fig. 4A). Lavender, rosemary and chamomile extracts were
clustered from pelargonium which was also clustered from
green tea. Along the PC2, the aqueous and ethanoic extracts of
pelargonium and green tea were discriminated (Fig. 4A). In
contract to PCA, partial least squares-discriminant analysis
(PLS-DA) is a supervised method that takes into account the
class labels for achieving dimensionality reduction. When PLS-
DA was applied, a significant grouping of the tested extracts as
a function of their species was obtained (Fig. 4B). Aqueous and
ethanolic extracts of lavender were undistinguishable from one
another and were closest to aqueous and ethanolic extracts of
rosemary (Fig. 4B). Aqueous and ethanoic extracts of chamo-
mile were very distinct from one another.

This journal is © The Royal Society of Chemistry 2020
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Since the aqueous and ethanolic extracts did not show
significant differences in the extracts having high phenolic
contents, antioxidant capacity and skin ageing inhibiting
characters (Fig. 1 and 2), we focused our further analysis on the
ethanolic extracts. PCA analysis of the ethanolic extracts from
the five selected plants revealed that the first two PCs explained
74.5% of the total variance (Fig. 5A). Lavender, rosemary and
chamomile extracts were discriminated along the PC1 from
pelargonium and green tea. PC2 revealed discrimination of all
selected extracts. Lavender and rosemary were closest to one
another.

This journal is © The Royal Society of Chemistry 2020

To determine the metabolites discriminating rosemary
extract, which showed the highest phenolic contents, antioxi-
dant potential and anti-aging activity, from other extracts,
a comparative analysis was performed using the supervised
Orthogonal Projections to Latent Structures Discriminant
Analysis (OPLS-DA) (Fig. 5B). The OPLS-DA loadings S-plot dis-
played the distinctive metabolites contributed to the discrimi-
nation of rosemary extract from other extracts. The marker
metabolites accumulated in rosemary were directed to the
positive side of the plot. In contrast, metabolites which
discriminated other tested extracts were directed to the negative
side (Fig. 5B). The distinctive metabolites that showed
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significant accumulation in rosemary with p values equal to or
less than 0.01 were filtered and considered as distinctive
biomarkers (Fig. 5C and Table S27).

3.6 Correlation between metabolite content and skin-anti-
aging activity

The metabolites responsible for discrimination of rosemary
from the tested extracts were next investigated. Pearson's
correlation coefficients indicating the relationships between
metabolites and antioxidant capacity as well as anti-aging
activity are summarized in Table 2. These metabolites repre-
sented three major classes of phenolic compounds; the diter-
penoids abietatrienes, phenolic acids and glycosides of
quercetin and luteolin.

Among the phenolic abietatrienes, carnosic acid and its
oxidation product carnosol showed significantly higher level in
rosemary (Fig. 6 and 7). The principal degradation products of
carnosic acid, rosmanol and its derivatives such as epi-
rosmanol, isorosmanol, 7-methylrosmanol, 11,12-dime-
thylrosmanol, 6,7-dimethoxy-7-epirosmanol also showed
relatively higher level in rosemary. The content of carnosic acid
and its metabolites as well as the glycosides derivatives of the
flavone luteolin were positively and significantly correlated with
both antioxidant and in vitro skin anti-aging potentiality.

Cluster analysis based on the selected discriminating
metabolites from the analyzed extracts demonstrated clear
differences (Fig. 5D). Hierarchical cluster analysis (HCA)
revealed two main clusters. The first cluster consisted of rose-
mary that was discriminated from other plant extracts. A clear
diversification of lavender and chamomile from pelargonium
and green tea could be observed in the second cluster.
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4. Discussion

The development of cosmetic products for improving skin
appearance or delaying skin aging has increased much atten-
tion in the recent years. Several researches have been directed to
evaluate different plants for their skin anti-aging potentiality.
Plant-derived antioxidant compounds can combat skin aging by
reducing the abundance of ROS.* Plant metabolites such as
vitamins and phenolics, when applied topically, strengthen the
skins protection system and reduce the imbalance between
antioxidant machinery and ROS production.*® No reports were
found dealing with the anti-aging activity of the five selected
plants except for rosemary and green tea.>*** Moreover, no
detailed study was found to discuss their metabolite profile and
its effect on their anti-aging activities.

In this study, a combination of in vitro anti-aging and anti-
oxidant activities of plant extracts obtained from the alcohol
and the aqueous extracts of five traditionally used plants was
performed. Rosemary extracts showed promising results, when
compared to the other species. Furthermore, the metabolite
profiles of the tested extracts were also investigated to deter-
mine the correlation with the inhibitory potential on the tested
enzymes. The concentration of total phenolics and particular
phenolic classes correlated with the antioxidant capacity and
the inhibition of skin aging related enzymes.

The antioxidant assays revealed that rosemary showed the
highest DPPH and ORAC radical scavenging activities. In vitro
antioxidant capacity can be evaluated by hydrogen atom trans-
fer (HAT)- and electron atom transfer (ET)-based assays.** DPPH
and ORAC belong to ET and HAT assays, respectively.>* There-
fore, DPPH assay is applied to quantify antioxidant's reducing
capacity, while ORAC is applied to quantify peroxyl radical

Table 2 Pearson’s correlation coefficients indicating the relationships between metabolites and antioxidant capacity as well as anti-aging

activity®

Anti-aging activity Antioxidant capacity
Correlation Anti-tyrosinase Anti-collagenase Anti-elastase DPPH ORAC
11,12-Dimethylrosmanol 0.934* 0.622¢ 0.776" 0.769" 0.65"
6,7-Dimethoxy-7-epirosmanol 0.608° 0.361 0.311 0.227 0.104
7-Methylrosmanol 0.572¢ 0.169 0.227 0.286 0.216
Quercetin 3,3'-dimethyl ether 7-rutinoside 0.756° 0.416 0.458 0.394 0.296
Carnosic acid 0.873% 0.525° 0.603° 0.543°¢ 0.43
Carnosol 0.598°¢ 0.171 0.201 0.270 0.183
Luteolin p-coumarylglucoside 0.600° —0.035 0.197 0.508 0.487
Diosmetin 0.661° 0.496 0.396 0.212 0.066
Epirosmanol 0.666" 0.399 0.430 0.349 0.257
Isorosmanol 0.381 —0.034 —0.030 0.120 0.048
Luteolin 3’-O-glucuronide 0.943° 0.816° 0.830° 0.591¢ 0.438
Luteolin acetylglucuronide 0.941% 0.824% 0.831% 0.573¢ 0.421
p-Coumaroylquinic acid 0.758° 0.430 0.476 0.401 0.306
Rosmaridiphenol 0.873% 0.341 0.572° 0.734° 0.663°
Rosmadial 0.467 0.016 0.075 0.205 0.157
Rosmanol 0.761% 0.490 0.459 0.362 0.218
Rosmarinic acid 0.448 0.297 0.150 0.059 —0.087

“ a, b and c correlation is significant at the 0.001, 0.01 and 0.05 levels, respectively.

This journal is © The Royal Society of Chemistry 2020
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metabolite abundance.

scavenging capacity.®® It can be anticipated that rosemary
extracts have wide range of scavenging reactive oxygen species
including peroxyl radicals. Increased ROS lead to activation of
collagenase and elastase enzymes, which can further contribute
to skin aging,® therefore, the antioxidant activity of rosemary
will increase its skin anti-aging activity.

The discriminating biomarkers from rosemary extracts
contributed to the high total phenolic contents as well as
showing positive correlation with the antioxidant activity and
anti-aging potentiality. These metabolites represented three
major classes of phenolic compounds; the diterpenoid abieta-
trienes, phenolic acids and the glycosides of quercetin and
luteolin. Carnosic acid, a phenolic tricyclic abietatriene, has
been detected as a major metabolite discriminating rosemary,
showing also significant and positive correlation with anti-
aging activity. Abietanes belong to the class of diterpenoids

31520 | RSC Adv, 2020, 10, 31511-31524

(C20) that have been isolated from a variety of natural sources,
of which aromatic abietanes comprise the largest abietane
group.®® Abietanes are components of extracts from many
conifers as well as several angiosperms, particularly from the
families Lamiaceae, Asteraceae, Celastraceae and Hydro-
charitaceae.”® Abietanes play major roles in plants as defense
metabolites; therefore, it is not surprising that they have been
reported anti-leishmanial, anti-
plasmodial, as well as antioxidant activities.*>*® Carnosic acid,
a C-20 carboxylic acid, has been isolated from several Lamiaceae
herbs including rosemary and sage (Salvia officinalis). Carnosic
acid possesses very potent antioxidant activity owing to its o-
diphenol structure. Next to its antioxidant activity, carnosic acid
has been found to be effective for management of viral and
bacterial infections, metabolic disorders, Alzheimer's disease
and atherosclerosis. Carnosic acid inhibits collagen,

to exert anti-microbial,

This journal is © The Royal Society of Chemistry 2020
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arachidonic acid and thus exerts anti-inflammatory and anti-
cancer activities.

From abietatrien 20-7 lactones, carnosol which is an oxida-
tion product of carnosic acid as well as rosmanol and its
derivatives such as epirosmanol, isorosmanol, 7-methyl-
rosmanol, 11,12-dimethylrosmanol, 6,7-dimethoxy-7-
epirosmanol accumulated significantly in rosemary. Abieta-
triene lactones, which have an additional oxygen-containing
ring lactone (i.e. abietatrien-20,7-olides), have been isolated
from several Lamiaceae herbs including rosemary and sage.
These phenolic compounds have been reported to exert poten-
tial anti-microbial and anti-inflammatory activities.”>*” These
diterpenoids have been shown to exhibit remarkably potent
antioxidant activities compared to a-tocopherol.>”*

The underlying mechanisms of the in vivo and in vitro anti-
inflammatory activity of carnosol and carnosic acid have been
deeply investigated.*®*** Both compounds were shown to inhibit
the formation of pro-inflammatory leukotrienes, reduce ROS
formation and attenuate the secretion of human leukocyte
elastase (HLE).* The increase in HLE release is associated with
damage in matrix proteins and thus increasing the risk of
inflammation.®® Through reducing HLE secretions, carnosol
and carnosic acid prevent the skin inflammations and attenuate
aging.* Leukotriene biosynthesis is initiated by the action of 5-

This journal is © The Royal Society of Chemistry 2020

lipoxygenase enzyme that transforms arachidonic acid to
leukotriene A4.°* Excessive leukotrienes production is con-
nected to numerous diseases including skin inflammation.*
Therefore, leukotriene blockage is considered a potential target
for anti-inflammatory agents. The O-diphenolic diterpene car-
nosic acid, its oxidation product carnosol and other poly-
phenols encompassing flavonoids belong to the category of
redox-active 5-lipoxygenase inhibitors.®® Since inflammatory
responses promote age-related disorders, such natural
compounds derived particularly from rosemary will likely
attenuate skin aging.

Among other phenolic compounds, the diterpenoid ros-
maridiphenol, the phenolic aldehyde rosmadial as well as the
phenolic acids such as p-coumaroylquinic acid and the caffeic
acid ester rosmarinic acid have been also accumulated in
rosemary extract. The antioxidant activity of these compounds
have been also reported.®**® Flavonoids, particularly the glyco-
sides of quercetin and luteolin which showed significantly
higher level in rosemary comparted to other tested extracts,
have been reported to attenuate skin aging by absorbing UVB,
counteracting skin inflammation and/or inducing endogenous
skin defense mechanisms.®®®” These flavonoids also exerted
moderate antioxidant, anti-tyrosinase and anti-elastase activi-
ties suggesting their use as good candidates for skin aging.®*7

RSC Adv, 2020, 10, 31511-31524 | 31521
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These results emphasize the synergistic and overall high
effectiveness of these phenolic compounds and notably R. offi-
cinalis extract as anti-aging. By applying the provided metab-
olomics approach, rapid dereplication of previously known
metabolites from the tested extracts was efficiently delivered.
This was essential to avoid the redundant isolation of previously
known compounds, and thus saving time, cost and protecting
the environment from the non-green solvents. Nevertheless,
biologically-guided fractionation of the total extracts will be
essential for evaluating the effectiveness of these metabolites to
attenuate skin aging in vivo, possibly by restoring the skin
elasticity and thereby slow the wrinkling process.

5. Conclusion

Aging is a phenomenon that happens naturally and leads to
different changes in the skin physiology. Nature has excellent
anti-aging treatments that work externally and internally to
delay signs of aging and some of which will work to prevent and
repair signs of aging. In the present, the study of the five
selected plants led to the selection of R. officinalis with powerful
anti-oxidant activity against wrinkles and aging processes. In
conclusion, we demonstrated that this anti-oxidant activity is
due to their high phenolics and flavonoids contents. R. offici-
nalis extract have the ability to inhibit elastase, collagenase, and
tyrosinase enzymes. Furthermore, the LC-MS analysis has
shown that the major compound of rosemary that showed
significant accumulation and positive correlation with the bio-
logical activity were phenolics. In summary, our results reveal
three groups among the main antioxidant compounds from R.
officinalis; phenolic acids, flavonoids and diterpenoids, which
have been reported before to have a high antioxidant activity.
Given that rosemary is a cheap and non-toxic herb, the intro-
duction of its phenolic-rich extracts into topical preparations
for prevention or treatment of skin aging deserves further in vivo
investigations.

Conflicts of interest

No conflict to declare.

References

1 P. K. Mukherjee, N. Maity, N. K. Nema and B. K. Sarkar,
Bioactive compounds from natural resources against skin
aging, Phytomedicine, 2011, 19(1), 64-73.

2 M. A. Farage, K. W. Miller and H. I. Maibach, Degenerative
changes in aging skin, Textbook of aging skin, 2017, pp. 15-
30.

3 A. T. Murina, K. G. Kerisit and E. E. Boh, Reviews-
Mechanisms of Skin Aging, Cosmet. Dermatol., 2012, 25(9),
399.

4 N. Maity, N. K. Nema, M. K. Abedy, B. K. Sarkar and
P. K. Mukherjee, Exploring Tagetes erecta Linn flower for
the elastase, hyaluronidase and MMP-1 inhibitory activity,
J. Ethnopharmacol., 2011, 137(3), 1300-1305.

31522 | RSC Adv, 2020, 10, 31511-31524

View Article Online

Paper

5 B. Uttara, A. V. Singh, P. Zamboni and R. T. Mahajan,
Oxidative stress and neurodegenerative diseases: a review
of upstream and downstream antioxidant therapeutic
options, Curr. Neuropharmacol., 2009, 7(1), 65-74.

6 M. Nita and A. Grzybowski, The Role of the Reactive Oxygen
Species and Oxidative Stress in the Pathomechanism of the
Age-Related Ocular Diseases and Other Pathologies of the
Anterior and Posterior Eye Segments in Adults, Oxid. Med.
Cell. Longevity, 2016, 2016, 3164734.

7 M. Rinnerthaler, J. Bischof, M. K. Streubel, A. Trost and
K. Richter, Oxidative stress in aging human
Biomolecules, 2015, 5(2), 545-589.

8 K. K. Wary, G. D. Thakker, J. O. Humtsoe and ]. Yang,
Analysis of VEGF-responsive genes involved in the
activation of endothelial cells, Mol. Cancer, 2003, 2(1), 25.

9 A. Kurtz and S.-J. Oh, Age related changes of the extracellular
matrix and stem cell maintenance, Prev. Med., 2012, 54, S50-
S56.

10 J. N. Losso, C. N. Munene, R. R. Bansode and H. A. Bawadi,
Inhibition of matrix metalloproteinase-1 activity by the
soybean Bowman-Birk inhibitor, Biotechnol. Lett., 2004,
26(11), 901-905.

11 K. Iida, K. Hase, K. Shimomura, S. Sudo, S. Kadota and
T. Namba, Potent inhibitors of tyrosinase activity and
melanin biosynthesis from Rheum officinale, Planta Med.,
1995, 61(05), 425-428.

12 J. Labat-Robert, A. Fourtanier, B. Boyer-Lafargue and
L. Robert, Age dependent increase of elastase type protease
activity in mouse skin: Effect of UV-irradiation, J.
Photochem. Photobiol., B, 2000, 57(2-3), 113-118.

13 L. Rittié and G. J. Fisher, UV-light-induced signal cascades
and skin aging, Ageing Res. Rev., 2002, 1(4), 705-720.

14 M.-F. Hsu and B.-H. Chiang, Stimulating effects of Bacillus
subtilis natto-fermented Radix astragali on hyaluronic acid
production in human skin cells, J. Ethnopharmacol., 2009,
125(3), 474-481.

15 K.-H. Wang, R.-D. Lin, F.-L. Hsu, Y.-H. Huang, H.-C. Chang,
C.-Y. Huang, et al, Cosmetic applications of selected
traditional Chinese herbal medicines, J. Ethnopharmacol.,
2006, 106(3), 353-359.

16 V. N. Sumantran, A. A. Kulkarni, A. Harsulkar, A. Wele,
S. J. Koppikar, R. Chandwaskar, et al., Hyaluronidase and
collagenase inhibitory activities of the herbal formulation
Triphala guggulu, J. Biosci., 2007, 32(4), 755-761.

17 H. A. Gad, F. A. A. Abd El-Rahman and G. M. Hamdy,
Chamomile oil loaded solid lipid nanoparticles: a naturally
formulated remedy to enhance the wound healing, J. Drug
Delivery Sci. Technol., 2019, 50, 329-338.

18 H. S. Sofi, T. Akram, A. H. Tamboli, A. Majeed, N. Shabir and
F. A. Sheikh, Novel lavender oil and silver nanoparticles
simultaneously loaded onto polyurethane nanofibers for
wound-healing applications, Int. J. Pharm., 2019, 569,
118590.

19 S. Cavar and M. Maksimovié¢, Antioxidant activity of essential
oil and aqueous extract of Pelargonium graveolens L'Her,
Food Control, 2012, 23(1), 263-267.

skin,

This journal is © The Royal Society of Chemistry 2020


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d0ra06047j

Open Access Article. Published on 26 August 2020. Downloaded on 3/5/2026 4:59:05 PM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

Paper

20 L. Wang, W. Lee, Y. R. Cui, G. Ahn and Y.-J. Jeon, Protective
effect of green tea catechin against urban fine dust particle-
induced skin aging by regulation of NF-kB, AP-1, and MAPKs
signaling pathways, Environ. Pollut., 2019, 252, 1318-1324.

21 A. Pérez-Sanchez, E. Barrajon-Catalan, N. Caturla, J. Castillo,
O. Benavente-Garcia, M. Alcaraz, et al., Protective effects of
citrus and rosemary extracts on UV-induced damage in
skin cell model and human volunteers, J. Photochem.
Photobiol., B, 2014, 136, 12-18.

22 F. R. Pinu, S. A. Goldansaz and ]. Jaine, Translational
Metabolomics: ~ Current  Challenges and  Future
Opportunities, Metabolites, 2019, 9(6), 108.

23 M. M. Ulaszewska, C. H. Weinert, A. Trimigno, R. Portmann,
C. Andres Lacueva, R. Badertscher, et al,
Nutrimetabolomics: An Integrative Action for Metabolomic
Analyses in Human Nutritional Studies, Mol. Nutr. Food
Res., 2019, 63(1), 1800384.

24 M. A. Salem, L. Perez de Souza, A. Serag, A. R. Fernie,
M. A. Farag, S. M. Ezzat, et al, Metabolomics in the
Context of Plant Natural Products Research: From Sample
Preparation to Metabolite Analysis, Metabolites, 2020,
10(1), 1-30.

25 L. D. Roberts, A. L. Souza, R. E. Gerszten and C. B. Clish,
Targeted metabolomics, Curr. Protoc. Mol. Biol., 2012, 30,
30.2.1-30.2.24.

26 B. Rochat, From targeted quantification to untargeted
metabolomics: Why LC-high-resolution-MS will become
a key instrument in clinical labs, TrAC, Trends Anal. Chem.,
2016, 84, 151-164.

27 A. Alonso, S. Marsal and A. Julia, Analytical methods in
untargeted metabolomics: state of the art in 2015, Front.
Bioeng. Biotechnol., 2015, 3, 23.

28 J. F. Hair, Multivariate Data Analysis: An Overview, in
International Encyclopedia of Statistical Science, ed. M.
Lovric, Springer Berlin Heidelberg, Berlin, Heidelberg,
2011, pp. 904-907.

29 K. Odziomek, A. Rybinska and T. Puzyn, Unsupervised
Learning Methods and  Similarity Analysis in
Chemoinformatics, in Handbook of Computational
Chemistry, ed. ]J. Leszczynski, A. Kaczmarek-Kedziera, T.
Puzyn, G. M. Papadopoulos, H. Reis and K. M. Shukla,
Springer International Publishing, Cham, 2017, pp. 2095-
2132.

30 H. Chun and S. Keles, Sparse partial least squares regression
for simultaneous dimension reduction and variable
selection, J. Roy. Stat. Soc. B Stat. Methodol., 2010, 72(1), 3-
25.

31 K. Mohammad Al-Ismail and T. Aburjai, Antioxidant activity
of water and alcohol extracts of chamomile flowers, anise
seeds and dill seeds, J. Sci. Food Agric., 2004, 84(2), 173-178.

32 B. O. Cho, H. W. Ryu, C. H. Jin, D. S. Choi, S. Y. Kang,
D. S. Kim, et al, Blackberry extract attenuates oxidative
stress  through  up-regulation of Nrf2-dependent
antioxidant enzymes in carbon tetrachloride-treated rats, J.
Agric. Food Chem., 2011, 59(21), 11442-11448.

33 S. Shweta, T. Ritesh, S. S. Khadabadi and U. A. Deokate, In
vitro antioxidant activity and total phenolic, flavonoid

This journal is © The Royal Society of Chemistry 2020

View Article Online

RSC Advances

contents of the crude extracts of Pterospermum
acerifolium Willd leaves (Sterculiaceae), J. Chem. Pharm.
Res., 2010, 2(3), 417-423.

34 K. Mishra, H. Ojha and N. K. Chaudhury, Estimation of
antiradical properties of antioxidants using DPPH assay: A
critical review and results, Food Chem., 2012, 130(4), 1036-
1043.

35 W. Brand-Williams, M. E. Cuvelier and C. Berset, Use of
a free radical method to evaluate antioxidant activity, LWT-
Food Sci. Technol., 1995, 28(1), 25-30.

36 C. Lucas-Abellan, M. T. Mercader-Ros, M. P. Zafrilla,
M. 1. Fortea, J. A. Gabaldon and E. Nunez-Delicado, ORAC-
fluorescein assay to determine the oxygen
absorbance capacity of resveratrol complexed in
cyclodextrins, J. Agric. Food Chem., 2008, 56(6), 2254-2259.

37 R. Rauniyar, M. Talkad, S. Sahoo, A. Singh and P. Harlalka,
Anti-Tyrosinase Activity of Stachytarpheta Cayennensis in
Vitro, International Journal of Innovative Research in Science,
Engineering and Technology, 2014, 3(7), 14259-14266.

38 J. A. E. Kraunsoe, T. D. W. Claridge and G. Lowe, Inhibition
of human leukocyte and porcine pancreatic elastase by
homologues of bovine pancreatic trypsin inhibitor,
Biochemistry, 1996, 35, 9090-9096.

39 T. S. Thring, P. Hili and D. P. Naughton, Anti-collagenase,
anti-elastase and anti-oxidant activities of extracts from 21
plants, BMC Complementary Altern. Med., 2009, 9, 27.

40 M. A. Salem, J. Juppner, K. Bajdzienko and P. Giavalisco,
Protocol: a fast, comprehensive and reproducible one-step

radical

extraction method for the rapid preparation of polar and
semi-polar metabolites, lipids, proteins, starch and cell
wall polymers from a single sample, Plant Methods, 2016,
12, 45.

41 M. Salem, M. Bernach, K. Bajdzienko and P. Giavalisco, A
Simple Fractionated Extraction Method for the
Comprehensive Analysis of Metabolites, Lipids, and
Proteins from a Single Sample, J. Visualized Exp., 2017,
(124), €55802.

42 1. Chiocchio, M. Mandrone, C. Sanna, A. Maxia, M. Tacchini
and F. Poli, Screening of a hundred plant extracts as
tyrosinase and elastase inhibitors, two enzymatic targets of
cosmetic interest, Ind. Crops Prod., 2018, 122, 498-505.

43 J. Xia, I V. Sinelnikov, B. Han and D. S. Wishart,
MetaboAnalyst 3.0—making metabolomics more
meaningful, Nucleic Acids Res., 2015, 43(W1), W251-W257.

44 R. Uchida, S. Ishikawa and H. Tomoda, Inhibition of
tyrosinase activity and melanine pigmentation by 2-
hydroxytyrosol, Acta Pharm. Sin. B, 2014, 4(2), 141-145.

45 J. Xie and K. M. Schaich, Re-evaluation of the 2,2-Diphenyl-1-
picrylhydrazyl Free Radical (DPPH) Assay for Antioxidant
Activity, J. Agric. Food Chem., 2014, 62(19), 4251-4260.

46 J. O. Olugbami, M. A. Gbadegesin and O. A. Odunola, In vitro
free radical scavenging and antioxidant properties of
ethanol extract of Terminalia glaucescens, Pharmacogn.
Res., 2015, 7(1), 49-56.

47 R. Mohamed, M. Azeemuddin, S. Anturlikar, G. L. Vs and
P. Patki, Application of oxygen radical absorbance capacity
ORAC assay in the estimation of antioxidant value of

RSC Adv, 2020, 10, 31511-31524 | 31523


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d0ra06047j

Open Access Article. Published on 26 August 2020. Downloaded on 3/5/2026 4:59:05 PM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

RSC Advances

botanicals, Oxidants and Antioxidants in Medical Science,
2012, 1, 87-90.

48 E. Golezar, H. Mahdiuni and A. Nazari, Different Antioxidant
Activity Measurements of the Aerial Parts of Ferulago
angulate, Traditional Food Additives in Iran, Indian J.
Pharm. Sci., 2017, 79, 900-906.

49 E. D. Lephart, Skin aging and oxidative stress: Equol's anti-
aging effects via biochemical and molecular mechanisms,
Ageing Res. Rev., 2016, 31, 36-54.

50 D. Stojiljkovi¢, D. Pavlovi¢ and I. Arsi¢, Oxidative Stress, Skin
Aging and Antioxidant Therapy/Oksidacioni Stres, Starenje
Koze 1 Antioksidaciona Terapija, Acta Fac. Med. Naissensis,
2014, 31, 207-217.

51 M. Hussin, A. Abdul Hamid, F. Abas, N. S. Ramli,
A. H. Jaafar, S. Roowi, et al.,, NMR-Based Metabolomics
Profiling for Radical Scavenging and Anti-Aging Properties
of Selected Herbs, Molecules, 2019, 24(17), 1-24.

52 D. Huang, B. Ou and R. L. Prior, The Chemistry behind
Antioxidant Capacity Assays, J. Agric. Food Chem., 2005,
53(6), 1841-1856.

53 M. Oroian and I. Escriche, Antioxidants: Characterization,
natural sources, extraction and analysis, Food Res. Int.,
2015, 74, 10-36.

54 J. Bouwstra and P. Honeywell-Nguyen, Skin structure and
mode of action of vesicles, Adv. Drug Delivery Rev., 2002,
54, S41-S55.

55 M. A. Gonzalez, Aromatic abietane diterpenoids: their
biological activity and synthesis, Nat. Prod. Rep., 2015,
32(5), 684-704.

56 T. Pusztahelyi, I. J. Holb and I. Pocsi, Plant-Fungal
Interactions: Special Secondary Metabolites of the
Biotrophic, Necrotrophic, and Other Specific Interactions,
in Fungal Metabolites, ed. J-M. Meérillon and K. G.
Ramawat, Springer International Publishing, Cham, 2016,
pp- 1-58.

57 S. Birti¢, P. Dussort, F.-X. Pierre, A. C. Bily and M. Roller,
Carnosic acid, Phytochemistry, 2015, 115, 9-19.

58 E. S. Mengoni, G. Vichera, L. A. Rigano, M. L. Rodriguez-
Puebla, S. R. Galliano, E. E. Cafferata, et al., Suppression of
COX-2, IL-1B and TNF-a expression and leukocyte
infiltration in inflamed skin by bioactive compounds from
Rosmarinus officinalis L, Fitoterapia, 2011, 82(3), 414-421.

59 D. Poeckel, C. Greiner, M. Verhoff, O. Rau, L. Tausch,
C. Hornig, et al., Carnosic acid and carnosol potently
inhibit human and suppress pro-
inflammatory stimulated  human

5-lipoxygenase
responses  of

31524 | RSC Adv, 2020, 10, 31511-31524

View Article Online

Paper

polymorphonuclear leukocytes, Biochem. Pharmacol., 2008,
76(1), 91-97.

60 F. Antonicelli, G. Bellon, L. Debelle and W. Hornebeck,
Elastin-Elastases and Inflamm-Aging, Current Topics in
Developmental Biology, Academic Press, 2007, vol. 79, pp.
99-155.

61 J. Z. Haeggstrom, Leukotriene biosynthetic enzymes as
therapeutic targets, J. Clin. Invest., 2018, 128(7), 2680-2690.

62 A. Jo-Watanabe, T. Okuno and T. Yokomizo, The Role of
Leukotrienes as Potential Therapeutic Targets in Allergic
Disorders, Int. J. Mol. Sci., 2019, 20(14), 3580.

63 O. Werz, Inhibition of 5-Lipoxygenase Product Synthesis by
Natural Compounds of Plant Origin, Planta Med., 2007, 73,
1331-1357.

64 D. A. Hernandez and F. J. Tenorio, Reactivity indexes of
antioxidant molecules from Rosmarinus officinalis, Struct.
Chem., 2018, 29(3), 741-751.

65 L. Perez-Fons, M. Garzon and V. Micol, Relationship
between the Antioxidant Capacity and Effect of Rosemary
(Rosmarinus officinalis L.) Polyphenols on Membrane
Phospholipid Order, J. Agric. Food Chem., 2009, 58, 161-171.

66 R. Ginwala, R. Bhavsar, D. I. Chigbu, P. Jain and Z. K. Khan,
Potential Role of Flavonoids in Treating Chronic
Inflammatory Diseases with a Special Focus on the Anti-
Inflammatory Activity of Apigenin, Antioxidants, 2019, 8(2),
35.

67 Y. Yin, W. Li, Y.-O. Son, L. Sun, J. Lu, D. Kim, et al,
Quercitrin protects skin from UVB-induced oxidative
damage, Toxicol. Appl. Pharmacol., 2013, 269(2), 89-99.

68 O. K. Popoola, J. L. Marnewick, F. Rautenbach, F. Ameer,
E. 1. Iwuoha and A. A. Hussein, Inhibition of Oxidative
Stress and Skin Aging-Related Enzymes by Prenylated
Chalcones and Other Flavonoids from Helichrysum
teretifolium, Molecules, 2015, 20(4), 7143-7155.

69 F. Menaa, A. Menaa and J. Tréton, Chapter 63 - Polyphenols
against Skin Aging, in Polyphenols in Human Health and
Disease, ed. R. R. Watson, V. R. Preedy and S. Zibadi,
Academic Press, San Diego, 2014, pp. 819-830.

70 G. Petruk, R. Del Giudice, M. M. Rigano and D. M. Monti,
Antioxidants from Plants Protect against Skin Photoaging,
Oxid. Med. Cell. Longevity, 2018, 2018, 1454936.

71 C. Hano and D. Tungmunnithum, Plant Polyphenols, More
Than Just Simple Natural Antioxidants: Oxidative Stress,
Aging and Age-Related Diseases, Medicines, 2020, 7, 26.

72 A.-N. Lj, S. Li, Y.-J. Zhang, X.-R. Xu, Y.-M. Chen and H.-B. Li,
Resources and biological activities of natural polyphenols,
Nutrients, 2014, 6(12), 6020-6047.

This journal is © The Royal Society of Chemistry 2020


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d0ra06047j

	Using an UPLC/MS-based untargeted metabolomics approach for assessing the antioxidant capacity and anti-aging potential of selected herbsElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra06047j
	Using an UPLC/MS-based untargeted metabolomics approach for assessing the antioxidant capacity and anti-aging potential of selected herbsElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra06047j
	Using an UPLC/MS-based untargeted metabolomics approach for assessing the antioxidant capacity and anti-aging potential of selected herbsElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra06047j
	Using an UPLC/MS-based untargeted metabolomics approach for assessing the antioxidant capacity and anti-aging potential of selected herbsElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra06047j
	Using an UPLC/MS-based untargeted metabolomics approach for assessing the antioxidant capacity and anti-aging potential of selected herbsElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra06047j
	Using an UPLC/MS-based untargeted metabolomics approach for assessing the antioxidant capacity and anti-aging potential of selected herbsElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra06047j
	Using an UPLC/MS-based untargeted metabolomics approach for assessing the antioxidant capacity and anti-aging potential of selected herbsElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra06047j
	Using an UPLC/MS-based untargeted metabolomics approach for assessing the antioxidant capacity and anti-aging potential of selected herbsElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra06047j
	Using an UPLC/MS-based untargeted metabolomics approach for assessing the antioxidant capacity and anti-aging potential of selected herbsElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra06047j
	Using an UPLC/MS-based untargeted metabolomics approach for assessing the antioxidant capacity and anti-aging potential of selected herbsElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra06047j
	Using an UPLC/MS-based untargeted metabolomics approach for assessing the antioxidant capacity and anti-aging potential of selected herbsElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra06047j
	Using an UPLC/MS-based untargeted metabolomics approach for assessing the antioxidant capacity and anti-aging potential of selected herbsElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra06047j
	Using an UPLC/MS-based untargeted metabolomics approach for assessing the antioxidant capacity and anti-aging potential of selected herbsElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra06047j
	Using an UPLC/MS-based untargeted metabolomics approach for assessing the antioxidant capacity and anti-aging potential of selected herbsElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra06047j
	Using an UPLC/MS-based untargeted metabolomics approach for assessing the antioxidant capacity and anti-aging potential of selected herbsElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra06047j

	Using an UPLC/MS-based untargeted metabolomics approach for assessing the antioxidant capacity and anti-aging potential of selected herbsElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra06047j
	Using an UPLC/MS-based untargeted metabolomics approach for assessing the antioxidant capacity and anti-aging potential of selected herbsElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra06047j
	Using an UPLC/MS-based untargeted metabolomics approach for assessing the antioxidant capacity and anti-aging potential of selected herbsElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra06047j
	Using an UPLC/MS-based untargeted metabolomics approach for assessing the antioxidant capacity and anti-aging potential of selected herbsElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra06047j
	Using an UPLC/MS-based untargeted metabolomics approach for assessing the antioxidant capacity and anti-aging potential of selected herbsElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra06047j
	Using an UPLC/MS-based untargeted metabolomics approach for assessing the antioxidant capacity and anti-aging potential of selected herbsElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra06047j
	Using an UPLC/MS-based untargeted metabolomics approach for assessing the antioxidant capacity and anti-aging potential of selected herbsElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra06047j

	Using an UPLC/MS-based untargeted metabolomics approach for assessing the antioxidant capacity and anti-aging potential of selected herbsElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra06047j
	Using an UPLC/MS-based untargeted metabolomics approach for assessing the antioxidant capacity and anti-aging potential of selected herbsElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra06047j
	Using an UPLC/MS-based untargeted metabolomics approach for assessing the antioxidant capacity and anti-aging potential of selected herbsElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra06047j
	Using an UPLC/MS-based untargeted metabolomics approach for assessing the antioxidant capacity and anti-aging potential of selected herbsElectronic supplementary information (ESI) available. See DOI: 10.1039/d0ra06047j


