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ANTI-OXIDANT ACTIVITY

Anti-oxidant activity 
integration in Molecular Network

EtOH crude extract
IC  = 16.99 µg/mL50

Active fractions:
EA-IC  = 5.80 µg/mL50

BU-IC  = 15.08 µg/mL50

Inactive fractions:
IC  ≥ 100 µg/mL50

Spectrophotometric DPPH assay, 
results expressed as IC in µg/mL50 

WOUND HEALING ACTIVITY

EtOH crude extract
%  ≤ 5% WScovering

Active fractions:
Aq %  = 37.3% WScovering

BU %  = 37.0% WScovering

Inactive fractions:
%  ≤ 5% WScovering

Scratch test on human keratinocytes, 
results expressed as % of wound surface

(WS) covering after 48h

Wound healing activity
integration in Molecular Network

ANTI-MICROBIAL ACTIVITY

Inhibition Zone Diameter (IZD) by disc
diffusion against S. epidermidis strain,  

results expressed in mm

EtOH crude extract
IZD ≤ 10 mm

Active fractions: 
EA-IZD = 19 mm
 BU-IZD = 13 mm

Inactive fractions:
IZD ≤ 8 mm

Anti-microbial activity 
integration in Molecular Network

IC  84.15 µg/mL50tox

IC  65.27 µg/mL 50NO

ANTI-INFLAMMATORY ACTIVITY

Active fractions:
BU-R > 3.81
EA-R = 2.5

Aq-R > 2.39

Inactive fractions:
R ≤ 2

Nitric Oxide measurment in murine
macrophages, results expressed as ratio
between toxic (IC ) and active (IC )

concentrations
50tox 50NO

Anti-inflammatory activity
integration in Molecular Network

EtOH crude extract 
R = = 1.3
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PHARMACOLOGICAL SCREENING RESULTSC

SHIKIMATES &
PHENYLPROPANOIDS

FATTY ACIDS

TERPENOIDS

ALKALOIDS

AMINO ACIDS 
& PEPTIDES

CARBOHYDRATES

POLYKETIDES

B CHEMICAL DIVERSITY
Coumpounds classification of EtOH extract based on CANOPUS tool
predictions according to NPClassifier ontology

Chemical composition dominated by:
Terpenoids, especially iridoids monoterpenoids and oleanane triterpenoids
Shikimates & Phenylpropanoids, especially phenylethanoids (C6 - C2)
Fatty acids, especially octadecanoids

Node colour

anti-microbial activity

wound healing activity

D FOCUS ON SOME CLUSTERS WITH POTENTIALLY BIOACTIVE COMPOUNDS

Plantago sempervirens Crantz (Plantaginaceae) is a medicinal plant widely used in Provence as a traditional remedy for external skin ailments, and was even considered as a dermatological panacea [1].
However, its chemical composition and biological properties remain poorly documented in the scientific literature. This study aims to assess its pharmacological properties through a multi-target screening
approach based on traditional indications in relation with skin disorders (anti-oxidant, anti-inflammatory, wound-healing and anti-microbial properties), describe its chemical composition through metabolomics
analyses by UHPLC-HRMS/MS, and to characterize the metabolites potentially responsible for the observed biological activities using molecular networking. 

ETHNOPHARMACOLOGY-GUIDED METABOLOMICS OF 
A FORGOTTEN MEDICINAL PLANT FROM PROVENCE
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Plantago sempervirens Crantz
flowering aerial parts

This integrated approach allowed to evaluate pharmacological properties of P. sempervirens, describe its chemical composition and annotate potential bioactive metabolites:
phenylethanoids and iridoids are abundant and potentially active metabolites,
moderately polar to polar fractions (ethyle acetate, butanol or aqueous fractions) are generally more active than apolar fractions

In perspective, targeted purification and screening of isolated compounds are necessary to confirm both pharmacological properties and chemical structures.
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A
1) EXTRACTION & FRACTIONATION

Flowering aerial parts of P. sempervirens underwent ultrasound extraction in an
hydroethanolic solvent (70/30, V/V) to obtain crude extract (EtOH)
EtOH extract has been fractionated using increasing polarity organic solvents:        
hexane (HX), dichloromethane (DC), ethyle acetate (EA), butanol (BU), and the residual
aqueous fraction (Aq) was conserved

2) PHARMACOLOGICAL SCREENING
Biological activities linked to traditional indications have been assessed for crude extract
and its fractions: anti-oxidant, anti-inflammatory, wound healing and anti-microbial
Results of each pharmacological activity ranked by levels (inactive, active, very active),
and encoded as metadata

3) METABOLOMICS ANALYSIS
Chemical description based on UHPLC-HRMS/MS analysis (in negative ionization mode)
Chromatographic and spectral data were treated using untargeted metabolomics
workflow [2]  and molecular network was constructed using GNPS Feature Based
Molecular Networking algorithm [3]

4) CHEMICAL DESCRIPTION
Integration of the pharmacological screening metadata in the Molecular Network
Targeted annotation of the metabolites potentially involved in the biological activities

EXPERIMENTAL WORKFLOW

* metabolite described in literature as linked to at least one of the four activities studied

Molecular Network with ≈ 2000 features (in negative ionization mode)
Among them, phenylethanoids and iridoids are highlighted as potentially responsible for the biological activities
Several phenylethanoids and iridoids are described in literature as responsible of anti-oxidant, anti-inflammatory, wound healing
and/or anti-microbial properties [4,5,6]
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