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Abstract In this work, the phytochemical profiling of Euphorbia retusa aerial parts by HPLC-

PDA-MS/MS revealed 21 secondary metabolites including phenolic acids, flavonoids, and their

glycoside derivatives. The chemical structures of four isolated compounds (Esculetin, quercetin

3-O-b-D-glucuronide, kaempferol 3-O-b-D-glucuronide, and kaempferol 3-O-b-D-glucoside) were

elucidated using mass spectrometry, 1H, and 13C NMR spectroscopy. Among the isolated com-

pounds, kaempferol-3-O-glucuronide and esculetin were identified for the first time from the plant.

An in silico molecular docking study showed the high potential of the identified compounds in the

extract to bind to the active sites of four enzymes crucially involved in skin remodeling and aging

processes. The in vitro assay confirmed the docking results against collagenase, elastase, hyaluroni-

dase, and tyrosinase enzymes respectively. Among the four isolated compounds, kaempferol 3-O-
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glucoside was the highest active compound against the aforementioned enzymes. Moreover, the

extract showed substantial antioxidant activity in DPPH assay. In conclusion, E. retusa is a sub-

stantial source for bioactive secondary metabolites with potential application in aging.

� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Organs of human body including skin, which is the outermost
protective cover of our body, are subject to age-related
changes. Skin is in direct exposure to the external environment,
and thus it is one of the most affected organs by environmental

damage, which contributes broadly to its aging process. Skin is
made by a multilayered structure composed of an underlying
matrix named dermis and a functional epidermis of four clo-

sely adherent layers at the outer surface (Eun Lee et al.,
2019). The epidermis region is rich in keratinocytes that pro-
duce the structural keratin protein and stratify towards the

outer surface acting as an external barrier. The dermis, on
the other side, is packed with fibroblasts, which secretes vari-
ous structural components known with their significant repar-
ative and wound healing properties. Moreover, this layer helps

regulate both extracellular matrices and interstitial fluid vol-
ume (Altyar et al., 2020).

Skin aging includes intrinsic (chronologic) and extrinsic

aging (photoaging). The former is a natural process induced
mainly by the side products of the metabolic activities in skin
cells, of which reactive oxygen species (ROS) are the most dele-

terious. Extrinsic aging, however, is mediated by many differ-
ent external environmental factors. Excessive production of
ROS results in wrinkle development by aiding the cleavage

and the abnormal chain crossing of the fibrous proteins elastin,
collagen and the glycosaminoglycan hyaluronic acid in the skin
extracellular matrix (ECM) (Matos et al., 2019).

Degradation of the fibrous proteins is mainly mediated by

metalloproteinases, which constitute a super family of protease
enzymes whose catalytic action involves a metal. The cleavage
of hyaluronic acid is done mainly by hyaluronidase enzyme

that degrades the polymeric molecule at specific links along
the chemical structure. Overproduction of the melanin pig-
ment is another prominent sign for skin aging and is regulated

by the enzyme tyrosinase. Targeting such enzymes by chemical
inhibitors is a promising strategy in retarding and fighting skin
aging, especially if these agents possess an appreciable antiox-

idant potential (Altyar et al., 2020)
During the current era of globalization and technology, a

shift in consumers’ preference from the synthetic chemicals
to the more natural or ‘‘green” herbal products is very surpris-

ing. This shift is a consequence of the increasing concerns
about the adverse effects associated with the chemical prod-
ucts. Both international and local medical authorities world-

wide have approved the usage of a huge number of plant-
based preparations in managing and curing different ailments
(Lee et al., 2020).

Euphorbiaceae family comprises many genera including the
genus Euphorbia and about 1000 species. It is renowned for
providing plant extracts rich in numerous phenolic metabolites
(El Raey et al., 2019). Several biological activities were
reported from Euphorbia species including antimicrobial,

anti-inflammatory, antitumor, hypolipidemic, hepatoprotec-
tive, and antihyperglycemic, in addition to a potential to inhi-
bit HIV infection (Anusuya et al., 2010; Bakr et al., 2012;

Ghareeb, T et al., 2018; Kumarappan et al., 2011; Saleem
et al., 2019). Moreover, methanolic extracts from the leaves
and roots of E. milli exhibited strong antioxidant potential in

various assays and showed substantial inhibition towards
alpha glucosidase enzyme, however the dichloromethane
extracts of the same plant parts were reported to exert substan-
tial inhibitory effects against acetylcholinesterase and tyrosi-

nase enzymes. This effect was mainly attributed to the
plant’s high content of polyphenols and flavonoids (Saleem
et al., 2019).

Euphorbia retusa is an annual plant abundant to the
Mediterranean region. In traditional medicine, E. retusa was
used to cure warts, trichiasis, and venomous bites (Sdayria

et al., 2018). Several secondary metabolites were identified in
E. retusa extracts such as flavonols with their glycoside deriva-
tives, ellagic acid, dimethoxy ellagic acid (Ghareeb, T et al.,
2018; Saleh, 1985), carotenoids, diterpenes, triterpenes, sterols,

fatty alcohols, and essential fatty acids (Haba et al., 2009;
Shaaban et al., 2018).

In the present work, we profiled the secondary metabolites

from the aerial parts of Euphorbia retusa by a liquid chro-
matography–mass spectrometry (LC-MS/MS) method and
purely isolated four phenolic compounds whose chemical

structures were elucidated by nuclear magnetic resonance (1H
and 13C NMR) spectroscopy and mass spectrometry data. In
silico molecular docking was done to evaluate the potential

of the identified extract components to interfere with four cru-
cial enzymes for skin remodeling; namely elastase, hyaluroni-
dase, collagenase and tyrosinase. Additionally, the
antioxidant and the in vitro inhibitory potential of the extract

and the four isolated components against the aforementioned
enzymes were evaluated.

2. Materials and methods

2.1. Plant material and extraction

The aerial parts of E. retusa were collected from Wadi Elna-
tron, Egypt in September 2016. The plant material was

ground, and 500 g was extracted at ambient temperature
(7:3: MeOH:H2O, 3 � 1 L). The obtained extract was evapo-
rated under vacuum till dryness and freeze dried to yield

60 g. A 30 g portion was suspended in water and partitioned
by a sequential fractionation using DCM, ethyl acetate and
butanol. The yields were DCM (1.2 g), ethyl acetate (2.5 g)
and butanol (12 g) fractions.

http://creativecommons.org/licenses/by-nc-nd/4.0/
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2.2. Compound isolation

The butanol fraction was loaded to Sephadex LH-20 column
chromatography using 50% ethanol as eluent. The dark
absorbing color band under UV lamp was collected and exam-

ined by two-dimension paper chromatography using BAW
and 15% acetic acid (Osman et al., 2016) to yield five major
fractions. Each fraction was applied to repeated Sephadex
LH-20 column chromatography to yield 4 secondary

metabolites.

2.3. Identification of isolated compounds

2.3.1. Esculetin
1H NMR (400 MHz, DMSO d6) d ppm 6.11 (d, J = 9.4 Hz,

1H, H-3), 7.82 (d, J = 9.4 Hz, 1H, H-4), 6.93 (s, 1H, H-5),
6.69 (s, 1H, H-8). 13C NMR (101 MHz, DMSO- d6): d
103.11 (C-8), 111.09 (C-8a), 111.79, (C-3), 112.66 (C-5),

143.57 (C-6), 145.02 (C-4), 149.11 (C-4a), 151.35 (C-7),
161.41 (C-2).

2.3.2. Quercetin -3-O- b-D-glucuronide
1H NMR (400 MHz, DMSO d6) d ppm 6.18 (brs, 1H, H-6),
6.38 (brs, 1H, H-8), 7.59–7.52 (m, 2H, H-20 & H-60), 6.81 (d,
J = 8.4 Hz, 1H, H-50), 5.45 (d, J = 6.9 Hz, 1H, H-100).

13C NMR (101 MHz, DMSO-D6) d ppm 177.74 (C-4),

170.78 (C-600), 164.87 (C-7), 161.67 (C-5), 156.81(C-2), 156.70
(C-9), 149.16 (C-40), 145.45 (C-30), 133.64 (C-3), 122.14 (C-
60), 121.34 (C-10), 116.74 (C-50), 115.78 (C-20), 104.35(C-10),
101.69 (C-100), 99.33 (C-6), 94.14 (C-8), 76.44 (C-300), 76.30
(C-500), 74.32 (C-200), 71.94 (C-400).

2.3.3. Kaempferol -3-O-b-D-glucuronide
1H NMR (400 MHz, DMSO d6) d ppm 6.10 (brs, 1H, H-6),
6.32 (brs, 1H, H-8), 7.99 (d, J = 8.5 Hz, 2H), 6.83 (d,
J = 8.7 Hz, 2H), 5.41 (d, J = 7.0 Hz, 1H, H-100).

13C NMR (101 MHz, DMSO d6) d 177.92 (C-4), 168.55 (C-
600), 165.14 (C-70), 156.87 (C-9), 156.84 (C-2), 161.60 (C-5),
160.63 (C-40), 133.66 (C-3), 131.53 (C-20& C-60), 121.22 (C-

10), 115.63 (C-30& C-50), 104.22 (C-10), 101.60 (C-100), 99.33
(C-6), 94.25 (C-8), 76.65 (C-300), 75.47 (c-500), 73.96 (C-200),
71.07 (C-400).

2.3.4. Kaempfer-3-O-b-D-glucoside
1H NMR (400 MHz, DMSO d6) d ppm 7.99 (d, J = 8.4 Hz,
2H), 6.83 (d, J = 8.4 Hz, 2H), 6.31 (d, J = 2 Hz, 1H), 6.10

(d, J = 2 Hz, 1H), 5.41 (d, J = 7.1 Hz, 1H). This compound
was further confirmed using authentic compound.

2.3.5. HPLC-PDA-MS/MS

We used a Thermo Finigan LC system (Thermo electron Cor-
poration, USA) coupled with an LCQ-Duo ion trap mass spec-
trometer with an ESI source (Thermo Quest) to analyze the

extract. The C18 column (Zorbax Eclipse XDB-C18, Rapid
resolution, 4.6 � 150 mm, 3.5 lm, Agilent, USA) was utilized.
The mobile phase consisted of water and acetonitrile (ACN)
(0.1% formic acid each) in which ACN was increased from

5% to 30% over 60 min in flow rate of 1 ml/ min and a 1:1 split
before the ESI source. Thermo Quest auto sampler surveyor
was used for samples injection. The software XcaliburTM
2.0.7 (Thermo Scientific) used to control the instrument. The
MS operated in the negative mode in a full scan (50–2000 m/
z) (El Raey et al., 2019).

2.4. Molecular docking

The molecular docking analyses were done as detailed before

(El-Hawary et al., 2020). In brief, the enzymes’ structures were
downloaded from protein data bank (www.pdb.org) with the
corresponding bound ligands. The pdb codes were hyaluroni-

dase (PDB id:1FCV), elastase (PDB id: 1Y93), collagenase
(PDB id: 2D1N), Tyrosinase (PDB id: 2Y9X).

2.5. In vitro anti-aging activities

2.5.1. Total polyphenol content and DPPH assay

The total phenolic content was estimated by Folin Ciocalteu as

detailed in (Ghareeb et al., 2018). Procedure of DPPH assay
was handled according to (Clarke et al., 2013) and adapted
to 96 well plate as described in (Ghareeb et al., 2018).

2.5.2. Enzyme inhibition assays

2.5.2.1. Anti- collagenase assay. Collagenase inhibition assay
was performed according to (Kim et al., 2004) with minor
modifications to be used in a microplate reader. The assay
was carried out in 50 mM Tricine buffer (pH 7.5 with

400 mM NaCl and 10 mM CaCl2). Collagenase enzyme
obtained from Clostridium histolyticum (ChC – EC.3.4.23.3)
was dissolved in the buffer and used at the initial concentration

0.8 units/mL as per the supplier’s activity data. The synthetic
substrate N-[3-(2-furyl) acryloyl] -Leu-Gly-Pro-Ala
(FALGPA) was dissolved in the buffer to prepare a 2 mM

solution. Samples (1000–7.81 mg/ mL) were incubated with
the enzyme in the buffer for 15 min before the substrate is
added to start the reaction. Absorbance at 490 nm was mea-

sured by the aid of microplate reader (TECAN, Inc.). The pos-
itive control used in this assay was EGCG and the percentage
of collagenase inhibition (%) was calculated according to the
formula: inhibition (%) = [1 � (s/c) � 100], where ‘s’ is the

corrected absorbance values of the collagenase inhibitor sam-
ples (the enzyme activity in presence of the samples), and ‘c’
is the corrected absorbance values of the control samples

(the enzyme activity in absence of the samples) (Elgamal,
et al. 2021).

2.5.2.2. Anti-Elastase assay. Elastase inhibition assay was per-
formed according to (Kim et al., 2004) with minor modifica-
tions. Briefly; Porcine pancreatic elastase enzyme was
dissolved in sterile water to prepare a stock solution with a

concentration of 3.33 mg/mL. N-Succinyl-Ala-Ala- Ala-p-
nitroanilide (AAAPVN) was used as a substrate and dissolved
in buffer to prepare a 1.6 mM solution, while EGCG was used

as a positive control. The test substances were incubated for
15 min with the enzyme before adding the substrate to start
the reaction. The final reaction mixture had 250 lL total vol-

ume and contained buffer, 0.8 mM AAAPVN, 1 lg/mL PE
and 25 lg test substance. Samples (1000–7.81 mg/ mL) were
incubated and absorbance values at 400 nm were measured

in a 96 well plates using a Microplate reader (TECAN, Inc.).
The percentage of elastase inhibition (%) was calculated
according to the formula: inhibition (%) = [1 � (s/c) � 100],

http://www.pdb.org
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Where ‘s’ is the corrected absorbance of the samples contain-
ing elastase inhibitor (the enzyme activity in presence of the
samples), and ‘c’ is the corrected absorbance of controls (the

enzyme activity in absence of the samples) (Elgamal, et al.
2021).

2.5.2.3. Anti-tyrosinase assay. Tyrosinase inhibition assay was
performed using L-DOPA as substrate (Elgamal, et al. 2021).
The reaction mixture (1000 lL) contained 15 lL of mushroom

tyrosinase (2500 U mL�1), 200 lL of samples, 100 lL of 5 mM
L-DOPA, and 685 lL of phosphate buffer (0.05 M, pH 6.5).
After adding L-DOPA, the reaction mixture was monitored
at 475 nm for dopachrome formation using a Microplate

reader (TECAN, Inc.). EGCG was used as a positive control.
The samples concentration range in the assay was 1000–7.81
mg/ mL. Each measurement was made in triplicate. The per-

centage inhibition for this assay is calculated. The percentage
of tyrosinase inhibition (%) was calculated according to the
formula: inhibition (%) = [1 � (s/c) � 100], Where ‘s’ is the

corrected absorbance of the samples containing tyrosinase
inhibitor (the enzyme activity in presence of the samples),
and ‘c’ is the corrected absorbance of controls (the enzyme

activity in absence of the samples) (Batubara et al., 2010).

2.5.2.4. Anti-hyaluronidase assay. Hyaluronidase inhibition
assay was performed according to Morgan-Elson fluorimetric

method as in (Reissig et al., 1955) and modified by
(Takahashi et al., 2003). Briefly, the reaction mixture was pre-
pared in 2 ml-test tubes by adding 25 lL of calcium chloride

(12.5 mM), 12.5 lL of each test sample (2.8 mg/ml) and hya-
luronidase enzyme (1.5 mg/mL). The substrate hyaluronic acid
(100 lL of 1 mg/ml in 0.1 M acetate buffer; pH 3.5) was used

in the assay. The samples concentration range in the assay was
1000–7.81 mg/ mL. Then after, 25 mL of 0.8 M KBO2 was
added to all tubes that were placed in a water bath at 100 �C
for 3 min. The tubes were then left to cool to ambient temper-
ature and DMAB (800 lL, 4 g DMAB in 40 ml acetic acid and
5 ml 10 N HCl) was added. The tubes were incubated for
20 min and their content was transferred to respective wells

in a 96-well plate. Fluorescence was detected using a Tecan
Infinite microplate reader at 545 nm excitation and 612 nm
emission (Elgamal, et al. 2021).

2.6. Statistical analysis

GraphPad Prism software (San Diego, CA. USA) was used to

estimate the inhibitory concentration 50 (IC50), the concentra-
tion required to inhibit 50% of enzyme under the assay condi-
tions, from the graphic plots of the dose response curves.
Statistical Package of the Social Sciences, SPSS version 23

(IBM SPSS software, USA) was used for data statistical anal-
ysis. The data were expressed as a mean ± SEM and analyzed
using one-way analysis of variance.

3. Results and discussion

The phytochemical composition of E. retusa extract was inves-

tigated using HPLC-PDA-MS/MS which led to identification
of 21 secondary metabolites. They included organic acids
namely malic acid, cinnamoyl quinic acid derivatives, flavonols

glycosides, coumarins and sulphated ellagic acid conjugates.
Additionally, four secondary metabolites were isolated, and
their identification was established based on UV, high resolu-
tion mass spectrometry, and 1H & 13C- NMR analyses.

Kaempferol3-O-glucuronide and esculetin were isolated and
identified for the first time from the plant, Table 1 and Fig. 1.

3.1. Molecular docking

Collagen and elastin are essential biomolecules in the extracel-
lular matrix required to preserve the skin elasticity, flexibility,

and strength. Overexpression of collagenase (MMP13) and
elastase (MMP12) leads to the degradation of collagen and
elastin, respectively. Some reports proved the stimulatory

effect of elastase on other metalloproteinase enzymes, which
leads to further acceleration of the matrix proteolytic degrada-
tion (Jabłońska-Trypuć et al., 2016). As wrinkles begin to
form, elastase enzyme is secreted by fibroblasts, where it

decreases the skin elasticity, and increases the elastic fibers tor-
tuosity, which are the two early events in the wrinkle forma-
tion process (Tsuji et al., 2001). Hence, blocking the target

enzymes collagenase and elastase would preserve skin elasticity
and guard against skin aging.

Docking of E. retusa polyphenols showed that the com-

pounds were able to fit properly inside the binding site and
afforded lower binding free energy when compared to the ref-
erence polyphenol EGCG (Table 2). Compounds 10, 8, and 14

showed the best docking scores, which reflects minimum bind-

ing free energy of �20.10, �18.33, and �16.87 kcal/mol to col-
lagenase enzyme, respectively versus �13.96 kcal/mol for
EGCG. In terms of the interactions with the amino acid resi-

dues in the binding site, the compounds iterated some of the
interactions afforded by the synthetic reference inhibitor,
hydroxamic acid such as the Zn chelation, the hydrophobic

interaction with His222 and Leu239, and the H-bonding inter-
action with Lue185. Moreover, the compounds showed to
interact with Phe241 and Gly183, which are also afforded by

the reference EGCG (Fig. 2).
It is noticeable that the common chemical feature in the

scaffolds of the three compounds showing the best docking
score is the glucuronide moiety that is ionized in the physiolog-

ical pH acquiring a negatively charged carboxylate (COO–),
which facilitates the Zn chelation in the collagenase’s binding
site. Other compounds lacking this moiety or those that were

not able to afford this interaction with the zinc atom showed
higher binding energy. This is evidenced upon comparing the
docking scores and the binding site interactions afforded by

quercetin 3-glucoside (has one ionized OH group) relative to
kaempferol 3-glucoside (has no any ionized OH groups)
(Table 2).

Interestingly, E. retusa polyphenols did not show the Zn

chelation interaction upon docking them to the elastase
enzyme, however they exhibited a well-fitting inside the bind-
ing site with a free binding energy ranged from �8.68 to

�20.89 kcal/mol. Missing such an interaction would not likely
diminish the elastase inhibitory activity of the compounds as it
comes in agreement with a study by (Engel et al., 2005) who

managed to design novel non-zinc binding metalloproteinase
inhibitors. Compounds 13, 5, and 2 showed the minimum free
binding energy and the best docking score of �20.89, �18.57,

and �18.18 kcal/mol, respectively versus �27.02 kcal/mol for
the polyphenol reference inhibitor EGCG. Compound 13



Table 1 Chemical profiling of E. retusa aqueous methanolic extract.

No. Proposed structure UV tR [M�H]� MS2 (m/z) References

1 Malic acid 1.34 133 115, 89 (Ghareeb et al., 2019)

2 p-Coumaroylquinic acid 280, 314 3.14 337 191, 173, 163 (Sobeh et al., 2017)

3 3-O-Feruloylquinic-acid 274, 304 3.58 367 193, 191, 173 (Sobeh et al., 2018)

4 5-O-Feruloylquinic acid 279, 310 4.89 367 193, 191, 173 (Jaiswal et al., 2010)

5 Kaempferol 3-O- glucuronide-7-O- glucosidea 266, 348 9.71 623 461, 447, 285 (Saleh, 1985)

6 Esculetinb 12.73 177 133, 89

7 Quercetin 7-O- glucuronide 267, 372 14.32 477 301, 179 (Bergantin et al., 2017)

8 Quercetin 3-O- galacturonide 267, 356 14.97 477 301, 179

9 Quercetin 3-O- glucuronideb 268, 355 15.38 477 301, 179

10 Kaempferol 7-O- galacturonide 267, 355 16.70 461 285

11 Kaempferol 7-O- glucuronide 267, 354 17.85 461 285, 151 (Bergantin et al., 2017)

12 Kaempferol O- glucuronide 267, 349 18.92 461 285

13 Kaempferol 3-O- galacturonide 267, 349 20.17 461 285

14 Kaempferol 3-O- glucuronideb 267, 348 21.10 461 285

15 Kaempferol O- glucuronide 267, 348 22.49 461 285

16 3,30-di-O-methylellagic acid sulphate 272, 343 26.41 409 329 (Hussein, 2004)

17 Dimethoxy ellagic sulphate 270, 345sh 27.44 409 329 (Hussein, 2004)

18 Quercetin 3-O-glucosidec 267, 352 28.74 463 301, 179, 151 (Saleh, 1985)

19 Quercetin 3-O-pentoside 268, 351 30.49 433 301 (Sobeh et al., 2017)

20 Kaempferol 3-O-glucosideb,c 269, 349 32.95 447 285 (Sobeh et al., 2017)

21 3,30,4-tri-O-methylellagic acid 40-sulphate 33.99 423 343, 329

a Previously reported from the plant (Saleh, 1985).
b isolated from the plant in the current study.
c isolated from the plant before (Ghareeb, T et al., 2018).

Fig. 1 Chemical structure of the isolated compounds from E. retusa extract. (a) Esculetin, (b) Quercetin -3-O-b-D-glucuronide, (c)

Kaempferol -3-O-b-D-glucoside, (d) Kaempferol -3-O-b-D-glucuronide.

Phytochemical profiling and anti-aging activities of Euphorbia retusa extract 5



Table 2 Docking results (scoring functions and amino acids interactions) of the identified secondary metabolites from E. retusa and

the reference compound EGCG on four enzymes (hyaluronidase, elastase, collagenase, and tyrosinase).

Compound (No.) Hyaluronidase (1FCV) Elastase (1Y93) Collagenase (2D1N) Tyrosinase (2Y9X)

Score

(kcal/mol)

Interactions Score

(kcal/mol)

Interactions Score

(kcal/mol)

Interactions Score

(kcal/mol)

Interactions

Malic acid (1) �10.97 Arg 244

(H bonding,

ionic)

Gln 271

(H bonding)

Tyr 184

(H bonding)

�10.23 His 228

(H-bonding)

His 222

(Ionic)

His 183

(H-bonding

through

solvent)

H2O 326

(H-donner)

�10.41 Glu 223

(H bonding)

Leu 185

(H bonding)

Zn 270 (metal

and ionic

bonds)

�19.57 Asn 260

(H bonding)

His 85 (Ionic

bonds)

Cu 400 (metal

and ionic bonds)

Cu 401 (metal

and ionic bonds)

p-Coumaroylquinic acid

(2)

�14.78 Glu 113

(H bonding)

Gln 271

(H bonding)

Tyr 184

(H bonding)

�18.18 His 222

(Ionic)

His 183

(H-bonding

through

solvent)

H2O 326

(H-donner)

�13.36 Leu 185

(H bonding)

Zn 270 (metal

and ionic

bonds)

Pro 242

(H bonding)

Ala 186

(H bonding)

Tyr 244 (pi-H)

Thr 245 (pi-H)

�15.24 Asn 260

(H bonding)

His 85 (Ionic

bonds)

Met 280

(H bonding)

Cu 400 (Ionic

bonds)

Cu 401 (Ionic

bonds)

His 263 (H-pi)

Esculetin (3) �7.34 Glu 113

(H bonding)

�8.68 His 228 (pi-H) �7.46 Glu 223

(H bonding)

Val 219

(H bonding)

His 222 (pi-pi)

�8.48 His 263 (pi-pi)

3-O-Feruloylquinic acid

(4)

�15.67 Gln 271

(H bonding)

Tyr 184

(H bonding)

Arg 116

(H bonding,

ionic)

�15.46 Pro 238

(H bonding

through

solvent)

Leu 181

(H bonding

through

solvent)

HOH 385

(H-donner)

�13.79 Phe 241

(H bonding)

Leu 185

(H bonding)

Zn 270 (metal

and ionic

bonds)

�15.33 Glu 322

(H bonding)

His 85 (Ionic

bonds)

Cu 401 (metal

and ionic bonds)

3,30,4-tri-O-

methylellagic acid 40-
sulfate (5)

�13.62 Gln 271

(H bonding)

�18.57 Lys 233

(H-bonding

and ionic)

Lys 241 (pi-H)

Arg 249

(H bonding

through

solvent)

�12.95 Ala 188

(H bonding)

Zn 270 (ionic

bonds)

�16.85 His 85 (Ionic

bonds)

Glu 256

(H bonding)

Cu 400 (metal

and ionic bonds)

Cu 401 (metal

and ionic bonds)

3,30-di-O-methylellagic

acid sulfate (6)

�13.60 Gln 271

(H bonding)

�17.49 Thr 247

(H-bonding)

H2O 479

(H-acceptor)

�15.03 Ala 188

(H bonding)

Zn 270 (ionic

bonds)

�18.86 His 85 (Ionic

bonds)

Cu 400 (metal

and ionic bonds)

Cu 401 (metal

and ionic bonds)

Kaempferol-3-O-

glucuronoside (7)

�13.45 Glu 113

(H bonding)

Gln 271

(H bonding)

Arg 116

(H bonding,

ionic)

�12.33 Ala 184

(H-bonding

through

solvent)

His 228 (pi-H)

H2O 472

(H-donner)

H2O 515

(H-donner)

�16.70 Leu 185

(H bonding)

Zn 270 (metal

and ionic

bonds)

Ala 186

(H bonding)

Tyr 244 (pi-H)

�21.33 His 85 (Ionic

bonds)

Asn 260

(H bonding)

Gly 281

(H bonding)

Cu 400 (metal

and ionic bonds)

Cu 401 (metal

and ionic bonds)
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Table 2 (continued)

Compound (No.) Hyaluronidase (1FCV) Elastase (1Y93) Collagenase (2D1N) Tyrosinase (2Y9X)

Score

(kcal/mol)

Interactions Score

(kcal/mol)

Interactions Score

(kcal/mol)

Interactions Score

(kcal/mol)

Interactions

Kaempferol 7-O-

glucuronide (8)

�18.98 Glu 113

(H bonding)

Tyr 55

(Hydrophobic)

�10.44 Thr 239

(H bonding

through

solvent)

Pro 238

(H bonding

through

solvent)

�18.33 Leu 185

(H bonding)

Zn 270 (metal

and ionic

bonds)

Pro 242

(H bonding)

Ala 186

(H bonding)

Tyr 244 (pi-H)

His 222 (pi-pi)

Leu 239 (pi-H)

�19.00 His 85 (Ionic

bonds)

Val 248 (pi-H)

Arg 268 (pi-

cation)

Cu 400 (metal

and ionic bonds)

Cu 401 (metal

and ionic bonds)

kaempferol-3-glucoside

(9)

�14.68 Gln 271

(H bonding)

�12.51 Lys 233

(H-bonding

through

solvent)

Arg 249

(H-bonding

through

solvent)

H2O 568

(H-acceptor)

�13.97 His 222 (pi-pi)

His 232 (H-pi)

Leu 185

(H bonding)

Phe 241

(H bonding)

Ala 186

(H bonding)

Lue 185

(H bonding)

�13.07 Val 283

(H bonding)

Arg 268

(H bonding)

Met 257

(H bonding)

Kaempferol-3-O-

glucuronide-7-O-

glucoside (10)

�15.95 Glu 113

(H bonding)

Tyr 55

(Hydrophobic)

�13.95 His 228

(H-bonding)

Thr 239

(H bonding

through

solvent)

H2O 398

(H-donner)

H2O 472

(H-donner)

�20.10 Zn 270 (metal

and ionic

bonds)

His 222 (pi-pi)

Ala 186

(H bonding)

Val 219

(H bonding)

Thr 245

(H bonding)

�19.65 His 85 (Ionic

bonds)

Asn 260

(H bonding)

Gly 281

(H bonding)

Glu 322

(H bonding)

His 263 (H-pi)

Cu 400 (metal

and ionic bonds)

Cu 401 (metal

and ionic bonds)

Quercetin-3-glucoside

(11)

�16.68 Glu 113

(H bonding)

Asp 111

(H bonding)

�16.14 Arg 249

(H-bonding

through

solvent)

Lys 233

(H-bonding

through

solvent)

Lys 241

(H-bonding

and ionic)

H2O 425 (pi-

H)

�16.70 Zn 270 ((metal

and ionic

bonds)

Ala 186

(H bonding)

Leu 185

(H bonding)

�16.88 His 85 (Ionic

bonds)

Gly 281

(H bonding)

Cu 400 (ionic

bond)

Cu 401 (ionic

bond)

Quercetin 3-O-

glucuronide (12)

�12.44 Tyr 55 (pi-H)

Tyr 184

(H bonding)

Trp 301 (pi-H)

�12.00 Arg 249

(H-bonding

through

solvent)

Lys 233

(H-bonding

and ionic)

H2O 571

(H-donner)

H2O 588

(H-donner)

�16.36 Zn 270 ((metal

and ionic

bonds)

Ala 186

(H bonding)

Leu 185

(H bonding)

�18.64 His 85 (hydrogen

and ionic bonds)

Asn 260

(H bonding)

Cu 400 (ionic

bond)

Cu 401 (ionic

bond)

(continued on next page)
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Table 2 (continued)

Compound (No.) Hyaluronidase (1FCV) Elastase (1Y93) Collagenase (2D1N) Tyrosinase (2Y9X)

Score

(kcal/mol)

Interactions Score

(kcal/mol)

Interactions Score

(kcal/mol)

Interactions Score

(kcal/mol)

Interactions

Quercetin-3-O-pentoside

(13)

�14.53 Glu 113

(H bonding)

Tyr 55

(Hydrophobic)

Ser 303

(Hydrophobic)

Ser 304

(Hydrophobic)

�20.89 Ala 182

(H-bonding)

H2O 402

(H-acceptor)

�12.66 Glu 223

(H bonding)

His 222 (H-pi)

Gly 183

(H bonding)

�8.20 His 85

(H bonding)

Asn 81

(H bonding)

Glu 322

(H bonding)

Quercetin 7-O-D-

glucuronide (14)

�16.15 Glu 113

(H bonding)

Tyr 55

(Hydrophobic

Arg 116

(H bonding,

ionic)

Arg 274

(H bonding)

�15.27 His 228 (pi-H)

H2O 528

(H-acceptor)

�16.87 Zn 270 (metal

bond)

Pro 242

(H bonding)

Tyr 244

(H bonding

through

solvent)

Gly 183

(H bonding

through

solvent)

�19.06 His 85 (Ionic

bonds)

Ala 246

(H bonding)

Cu 400 (ionic

bonds)

Cu 401 (metal

and ionic bonds)

EGCG (15) �17.97 Glu 113 (two

H bonding)

Ser 303

(H bonding)

� 27.02 His 228 (pi-H)

Tyr 240

(H-bonding

through

solvent)

H2O 511

(H-donner)

�13.96 Phe 241

(H bonding)

Ile 243

(H bonding)

Leu 218

(H bonding)

Gly 183

(H bonding)

�14.12 Glu 322

(H bonding)

His 85 (pi-H)
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was the only polyphenol able to afford H-bonding interaction
with Ala182 residue afforded by the reported synthetic inhibi-

tor hydroxamic acid (Table 2, Fig. 3).
Melanin production in melanocytes is under the control of

the key enzyme tyrosinase (polyphenol oxidase), which first

mediates the hydroxylation of tyrosine to DOPA (3, 4-
dihydroxyphenylalanine) followed by oxidation of DOPA into
DOPAquinone. Hyperpigmentation due to overproduction of

melanin is very well related to skin aging and is enhanced by
many internal factors such as age-related disturbances in hor-
mones levels and external factors such as excessive exposure to
UV radiation, deleterious pollutants, chemicals, and some
Fig. 2 2D-interactions of compounds, (8) Kaempferol 7-O-glucuronid

7-O-glucuronide with amino acid residues on collagenase. Numbers a
drugs, thus tyrosinase inhibitors can improve skin appearance
and lightening and help slowdown skin aging (Bae-Harboe and

Park, 2012).
The crystal structure of tyrosinase revealed that it is a met-

alloenzyme containing two tetragonal copper ions in its bind-

ing site. It was reported that Asn 260, His 263, and Met 280 are
important residues for the interactions with tyrosinase inhibi-
tors as well as the metal chelation capability (Moulishankar

and Lakshmanan, 2020). Polyphenols identified in the studied
extracts showed to be properly fitted in the binding site of
tyrosinase with minimum free binding energy as low as
�21.33 kcal/mol, which was the best docking score achieved
e, (10) Kaempferol 3-O-glucuronide-7-O-glucoside, (14) Quercetin

re from Table 2.



Fig. 3 2D-interactions of compounds, (2) p-Coumaroylquinic acid, (5) 3,30,4-tri-O-methylellagic acid 40-sulfate and (13) Quercetin 3-O-

pentoside with amino acid residues on elastase. Numbers are from Table 2.
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by compound 7. Compounds 10 and 1 showed as well much
lower free binding energy of �19.65 and �19.57 kcal/mol,

respectively compared to other docked compounds and the ref-
erence EGCG (Table 2). In their ionized state at the physiolog-
ical pH, the three compounds were characterized by having a

negative charge on the carboxylate group of maleic acid (com-
pound 1) or the glucuronide moiety of kaempferol 3-
glucuronide (compound 7) and kaempferol 3-glucuronide-7-
glucoside (compound 10), thus, they were able to chelate the

Cu ions in the binding site, which is a very crucial interaction
in tyrosinase inhibitors. Such as interaction was also afforded
by all the negatively charged compounds that showed better

free binding energy relative to the unionized compounds and
the unionized form of EGCG. Moreover, these three com-
pounds were able to show at least one of the two interactions

with Asn260 or His263, which were regarded as important
interactions of tyrosinase inhibitors (Fig. 4). Our results come
in agreement with the study by (Cabanes et al., 1994) that
reported the potential of kojic acid to block the tyrosinase

enzyme by virtue of copper chelation.
Hyaluronic acid is a glycosaminoglycan derivative and rep-

resents one of the major and essential components in the skin
Fig. 4 2D-interactions of compounds, (1) Malic acid, (7) Kaempfe

glucoside with amino acid residues on tyrosinase. Numbers are from
extracellular matrix, where it facilitates the transportation of
nutrients and waste products through it and maintains the skin

elasticity and moisture. It plays an important role as well in the
tissues renewal, remodeling, and repair. Hyaluronidase is a
member of the hyaluronoglucosidase enzymes family that cat-

alyzes the cleavage of hyaluronic acid at the links binding the
N-acetylglucosamine and glucoronate units. The crystal struc-
ture of the ligand-protein complex of hyaluronidase enzyme
isolated from the bee venom (shares 30% sequence identity

with the human isoform) showed some important interactions
with the residues Tyr 55, Glu 113, Tyr 184, among others
(Marković-Housley et al., 2000).

Our in silico results showed that the polyphenols identified
in the E. retusa extract showed a free binding energy range of
�7.34 to �18.98 kcal/mol upon docking into hyaluronidase

binding site and were able to iterate some of the reported inter-
actions with the co-crystallized ligand. Compounds 8, 11, and
14 showed the best docking scores and minimum binding free
energy of �18.98, �16.68, and �16.15 kcal/mol, respectively

(Table 2). They afforded the reported H-bonding interaction
with Glu113 and the hydrophobic (pi-H) interaction with
Tyr55 residues. Moreover, they showed some additional polar
rol 3-O-glucuronide and (10) Kaempferol 3-O-glucuronide 7-O-

Table 2.
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interactions with other amino acids in the binding site such as
Asp111 (compound 11), Arg116, Arg274 (compound 14) as
illustrated in (Fig. 5).

A general overview at our in silico study can lead to con-
clude that the polyphenols identified in the studied extract
showed to be well accommodated in the binding sites of the

four target enzymes with appreciable free binding energy of
�16 kcal/mol on average. Out of the docked polyphenols,
three, five, six, and nine compounds showed better free binding

energy than the average (�16 kcal/mol) towards the enzymes
hyaluronidase, elastase, collagenase, and tyrosinase, respec-
tively. This could suggest that tyrosinase enzyme is the most
prominent target enzyme for this group of polyphenols. More-

over, we can conclude that compounds 8, 10, and 14 are the
most effective as they showed the minimum free binding
energy towards at least two out of the four enzyme targets used

in this study (Table 2).

3.2. In vitro anti-aging activities

3.2.1. Antioxidant activity and enzyme inhibition assays

Our skin is at a relatively higher incidence of generating meta-

bolic reactive oxygen species (ROS) such as hydroxyl radicals,
superoxide anions, and single oxygen because of direct expo-
sure to ionizing radiation, chemical and mechanical insults,
environmental pollutants and other deleterious causing fac-

tors. Reports show that UV radiation contributes to almost
80% to generate ROS in skin, which in turn would lead to
developing a state of oxidative stress in case natural body

defense mechanisms failed to hinder the excessive generation
of ROS [27]. Oxidative stress promotes skin aging and damage
via several mechanisms including DNA damage, activation of

JAK/STAT, NF-kB, and MAPK/AP-1 signaling pathways,
stimulating autophagy and apoptosis pathways, inducing
autoimmune responses against keratinocytes and melanocytes.

Endogenous skin defense strategies engage a huge family of
antioxidant enzymes including superoxide dismutase, catalase,
and glutathione peroxidase that neutralize the different ROS
(Reuter et al., 2010). However, ingestion of dietary antioxi-

dants from different food and plant sources plays a crucial role
in fighting off ROS and keeping healthy young-looking skin.
In DPPH assay, the studied E. retusa extract demonstrated

considerable antioxidant activity (IC50 mg/mL = 11.32) com-
pared to the reference polyphenol EGCG (IC50 mg/mL = 3.3
Fig. 5 2D-interactions of compounds (8) Kaempferol 7-O-glucu

glucuronide with amino acid residues on hyaluronidase. Numbers are
1). This is most likely due to its high total phenolic content
evaluated to be 255 mg GAE/g extract. Such an action would
augment the anti-aging properties of the extract and point out

the value of using the extract in different anti-aging cosmetic
applications.

Results from the in silico study showed a promising poten-

tial for E. retusa extract to interfere with some of the promi-
nent enzyme targets involved in the development of skin
aging signs. Thus, the total plant extract along with four purely

isolated compounds; namely kaempferol 3-O-glucoside (9),
kaempferol 3-O-glucuronide (7), quercetin 3-O-glucuronide
(12), and esculetin (3) were evaluated to block these target
enzymes using in vitro inhibitory assays. As shown in (Table 3),

the extract and the four isolated compounds showed compara-
ble IC50 values against the four enzymes relative to the refer-
ence EGCG. As revealed by the molecular docking, E. retusa

extract was most active against tyrosinase enzyme with of
IC50 of 39.5 mg/mL and least active against hyaluronidase
enzyme with IC50 of 49.1 mg/mL. The four individual com-

pounds showed the same activity pattern again as they were
most active against tyrosinase, least active against hyaluroni-
dase, and with moderate activity against collagenase and elas-

tase enzymes, which comes in accordance with the results of
the in silico study (Table 3).

Esculetin showed the weakest activity against all the four
target enzymes as it exhibited the highest IC50 values, which

comes in agreement with the results of the molecular docking
as it showed the highest free binding energy ever relative to
the rest of compounds (Tables 2 and 3). Regarding the inhibi-

tory activities of the other three compounds against elastase
and hyaluronidase enzymes, compound 9 was the most active
followed by compound 7, and finally compound 12 with IC50

of 55.53, 60.77, and 66.27 mM, respectively against elastase
and 58.21, 65.31, and 77.76 mM, respectively against hyaluro-
nidase enzyme. This comes in match with the free binding

energy values obtained from the molecular docking study
(Tables 2 and 3).

As for the collagenase and tyrosinase inhibitory activities,
the same previous pattern was obtained again, where com-

pound 9 showed to be the most active followed by 7, and
finally 12 (Table 3). However, this activity pattern was not in
match with the in silico study results that revealed that com-

pound 7 showed the minimum free binding energy followed
by 12 and finally 9 towards both collagenase and tyrosinase
ronide, (11) Quercetin 3-O-glucoside and (14) Quercetin 7-O-

from Table 2.



Table 3 Enzyme inhibitory activities against collagenase, elastase, hyaluronidase and tyrosinase enzymes. Numbers are from Table 2.

Compounds are arranged according to their activities.

Sample Collagenase Elastase Hyaluronidase Tyrosinase

IC50 mg, mean ± SEM, n = 3

Total extract 45.7 ± 1.2 39.6 ± 0.85 49.1 ± 0.88 39.5 ± 1.1

Compounds IC50 mM, mean ± SEM, n = 3

Esculetin* (3) 220.05 ± 6.74 180.76 ± 5.33 225.67 ± 5.33 169.53 ± 7.86

Quercetin-3-O-glucuronide* (12) 66.27 ± 2.51 53.72 ± 1.90 77.76 ± 1.36 53.93 ± 6.49

Kaempferol �3-O-glucuronide* (7) 60.77 ± 2.01 52.34 ± 2.16 65.31 ± 3.68 39.145 ± 3.68

Kaempferol �3-O-glucoside* (9) 55.53 ± 2.9 43.49 ± 2.19 58.21 ± 3.35 35.46 ± 1.67

EGCG* (reference compound) 52.14 ± 2.83 37.35 ± 3.06 52.58 ± 2.4 31.2 ± 1.99

* The in vitro results are in accordance with in silico results.

Fig. 6 2D-interactions of kaempferol 3-O-glucoside with amino acid residues in collagenase (left) and tyrosinase (right) active sites.
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enzyme (Table 2). Exploring the chemical scaffold of these
three compounds shows that compounds 7 and 12 are nega-

tively charged at the physiological pH, whereas the ionized
form of 9 does not seem to be predominant at the same pH.
Thus, compound 9 was not able to afford the important metal

chelation interaction with the zinc and copper ions upon dock-
ing into the binding sites of collagenase and tyrosinase
enzymes, respectively (Table 2). The same enzyme inhibitory

activity and free binding energy patterns were obtained by
the reference EGCG on both collagenase and tyrosinase
enzymes. Thus, we decided to use the forced ionization tool
on MOE software to dock the ionized form of kaempferol 3-

O-glucoside (9) and EGCG. Interestingly, compared to the
unionized parent compounds, the ionized forms of 9 and
EGCG showed much better free binding energy of �16.36

and �18.50 kcal/mol, respectively towards collagenase
enzyme, and �21.80 and �19.50 kcal/mol, respectively
towards tyrosinase enzyme. They afforded the important

reported metal chelation interactions among other polar and
nonpolar interactions with the amino acid residues in the bind-
ing sites of both enzymes (Fig. 6). Thus, we can conclude that
the inhibitory activity of kaempferol 3-O-glucoside (9) and

EGCG towards collagenase and tyrosinase enzymes depends,
largely, on their ionized forms.

4. Conclusions

The phytochemical investigation of the aerial parts extract
from E. retusa led to identifying 21 secondary metabolites,

most of them are polyphenol derivatives and isolation of four
secondary metabolites. The extract and four isolated com-
pounds showed appreciable inhibitory activity against collage-

nase, elastase, hyaluronidase, and tyrosinase enzymes, which
are significantly engaged in skin aging prognosis. The extract
as well showed substantial antioxidant potential and its com-
pounds afforded stable complexes with the aforementioned

enzymes showing minimum free binding energy in the molecu-
lar docking. This wide range of activities could be attributed to
the high content of polyphenolics in the extract. Based on two
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thorough in silico and in vitro studies accomplished in the
course of this work, we can conclude that E. retusa extract
could be considered as a potential candidate, for further eval-

uation as a remedy for delaying and fighting off skin aging and
its associated signs.
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