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ABSTRACT

This paper describes the use of 1H NMR profiling and chemo-

metrics in order to facilitate the selection of medicinal plants

as potential sources of collagenase inhibitors. A total of

49 plants with reported ethnobotanical uses, such as the heal-

ing of wounds and burns, treatment of skin-related diseases,

rheumatism, arthritis, and bone diseases, were initially chosen

as potential candidates. The in vitro collagenase inhibitory ac-

tivity of hydroalcoholic extracts of these plants was tested.

Moreover, their phytochemical profiles were analyzed by 1H

NMR and combined with the inhibitory activity data by an or-

thogonal partial least squares model. The results showed a

correlation between the bioactivity and the concentration of

phenolics, including flavonoids, phenylpropanoids, and tan-

nins, in the extracts. Considering the eventual false-positive

effect on the bioactivity given by tannins, a tannin removal

procedure was performed on the most active extracts. After

this procedure, Alchemilla vulgaris was the most persistently

active, proving to owe its activity to compounds other than

tannins. Thus, this plant was selected as the most promising

and further investigated through bioassay-guided fractiona-

tion, which resulted in the isolation of a flavonoid, quercetin-

3-O-β-glucuronide, as confirmed by NMR and HRMS spectra.

This compound showed not only a higher activity than other

flavonoids with the same aglycone moiety, but was also high-

er than doxycycline (positive control), the only Federal Drug

Administration-approved collagenase inhibitor. The approach

employed in this study, namely the integration of metabolom-

ics and bioactivity-guided fractionation, showed great poten-

tial as a tool for plant selection and identification of bioactive

compounds in natural product research.

Identification of a Collagenase-Inhibiting Flavonoid from
Alchemilla vulgaris Using NMR-Based Metabolomics*

* Dedicated to Professor Dr. Robert Verpoorte in recognition of his out-

Original Papers

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ite

it 
Le

id
en

 / 
LU

M
C

. C
op

yr
ig

ht
ed

 m
at

er
ia

l.
Introduction
Plants and their metabolites are considered to be a very promising
resource for the treatment of human diseases [1, 2]. Nevertheless,
plant-based drug discovery poses a number of challenges. In par-
ticular, the identification of the active principle(s) responsible for
the bioactivity of a crude plant extract is particularly complicated
Mandrone M et al. Identification of a… Planta Med 2018; 84: 941–946
due to the chemical complexity of the source matrix and the high
dynamic range of metabolites [3].

The most commonly used workflow applied to date in the
search for bioactive principles from natural sources has been a
standing contribution to natural product research.
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bioactivity-guided fractionation approach. However, this proce-
dure is time-consuming and cost-intensive and often requires a
large amount of starting plant material. Moreover, in some cases,
this approach has failed to explain the bioactivity of a crude ex-
tract [4], because the concentration of the bioactive compound
is too low or, more often, because the activity is due to synergistic
or additive effects, which are most likely lost during fractionation
[5].

An emerging strategy to cope with these issues is based on the
combination of chemometrics and metabolomics [6–9]. This ap-
proach relies on multivariate data analysis to correlate biological
activity data and the phytochemical profiles of crude plant ex-
tracts and has been successfully used to guide and shorten the
procedure for the identification of the active principles in crude
extracts [10]. Moreover, it has also proved to be suitable for dere-
plication, which is the quick identification of already known active
metabolites present in raw extracts. A dereplication strategy is
particularly useful in the early stages of a plant-based drug discov-
ery project, since it facilitates the selection of the most promising
plants as sources of new active principles [11,12].

The selection of the plants to be studied is a crucial step in nat-
ural product research. The use of a traditional medicine-based se-
lection can increase the chances of discovering active principles
and it also assumes that the components of these plant sources
have higher chances to be safer than those that have not been
used previously [13].

In the search for natural compounds endowed with in vitro
anti-collagenase activity, 49 medicinal plants were chosen.
Among them, 20 are used in the Ayurveda tradition in India, 18
in the traditional medicine of Central Africa, and 11 in the Medi-
terranean area. The selection of plants to be studied was based
on reports of their traditional use as wound or burn healing en-
hancers, or to treat skin-related diseases in general (i.e., dermati-
tis, acne, urticaria, photoaging), rheumatism, arthritis, and bone
diseases [14–18]. All these disorders have been associated with
misregulated collagenase activity [19–21].

Collagenase is considered to be the founding member of the
matrix metalloproteinases (MMPs) family, which are responsible
for the degradation of extracellular matrix (ECM) constituents,
such as collagen [22].

When searching for natural collagenase inhibitors, the first
screening generally consists of submitting the potentially active
plant extracts to an in vitro collagenase inhibitory assay [23–25].
In this study, the 1H NMR spectrum of each extract was performed
simultaneously and the data obtained were combined using mul-
tivariate data analysis (orthogonal partial least squares, OPLS) to
correlate the 1H NMRmetabolomic profiles of the extracts to their
respective percentage of collagenase inhibition. Through this pro-
cedure, it was possible to detect components of the extract that
gave false-positive results in the in vitro test and gain more insight
of the class of phytochemicals most possibly involved in the bio-
activity.

This procedure allowed for the rapid identification of one of
the forty-nine selected plants, Alchemilla vulgaris L. (Rosaceae) as
the most promising source for natural collagenase inhibitors. This
plant was then subjected to bioassay-guided fractionation to iso-
late and identify its active principle.
942
Results and Discussion
Forty-nine plants were screened with the purpose of identifying
metabolites endowed with in vitro collagenase inhibitory activity.
The selected plants were extracted in MeOH/H2O (1 :1) and the
extracts were tested at a fixed concentration of 50 µg/mL, show-
ing an inhibition percentage ranging from 0 to 100% (Table 1S,
Supporting Information). The 1H NMR metabolomic analysis of
the extracts was carried out in order to obtain an overview of the
relationship between the measured biological activity and the
phytochemical profile of the extracts using OPLS, a supervised
model. The model was built using 1H NMR spectral data as x vari-
ables and the biological data as the y variable. The correlation,
however, was not validated [Q2 = 0.05 and p (CV-ANOVA) = 0.22].
A possible explanation for this lies in the large chemical variation
among the tested medicinal plants. Initially, several scaling meth-
ods were applied to the data, e.g., Pareto, unit variance, and non-
scaling, but none of the methods improved the validity of the
model. Thus, as a next step, the raw data of the collagenase inhi-
bition percentage was log-transformed. This greatly improved the
validity (Q2 = 0.28 and p value in CV-ANOVA = 0.002) as shown in
▶ Fig. 1A.

Due to the huge phytochemical variation among the samples,
the biological activity was not expected to correlate to a specific
metabolite. However, the most active plants showed a common
pattern in their 1H NMR spectra, indicating a high concentration
of phenolic compounds. This general information was considered
interesting since phenolic compounds are generally involved in
enzyme inhibitory activities of plants and, in particular, in MMP in-
hibition [26,27]. The OPLS model revealed the correlation be-
tween the strength of collagenase inhibition and the signals in
the aromatic region around δ 7.0 in the 1H NMR spectra. Accord-
ing to the S-plot obtained with this model (▶ Fig. 1B), the most
important signals that correlated with the strength of collagenase
inhibition showed chemical shifts at δ 6.88 and 7.08, followed by
other aromatic signals from δ 6.4 to 6.9. In the 1H NMR spectra of
the plant material, the presence of signals around δ 7.0 can be at-
tributed to tannin-related compounds, for instance, to their gallic
acid moieties. This is consistent with some literature reports of
the capacity of various tannins of inhibiting collagenase or other
MMPs, both in in vitro and in vivo experiments [28,29]. On the oth-
er hand, the well-known protein binding activity of tannins [30]
could cause the precipitation of the enzymatic target when per-
forming in vitro assays, leading to false positives, since the inhibi-
tion would occur following a nonspecific mechanism of action.
These considerations, which emerged based on the OPLS model
results, led to tannin removal from the 14 most active extracts
(percentage of inhibition > 30%) by column chromatography.
The extracts were loaded on a polyamide column and eluted with
EtOH to selectively retain the tannins on the resin (the yield after
purification is displayed in ▶ Fig. 2A). The collagenase inhibitory
activity of the tannin-free extracts thus obtained proved to be
much lower than that of the crude ones, with some exceptions.
Among the 14 active plants, 3 of them, A. vulgaris L. (Rosaceae),
Tinospora cordifolia Willd. (Menispermaceae), and Emblica offi-
cinalis Gaertn. (Primulaceae), retained a significant activity
(▶ Fig. 2B). The 1H NMR spectra of the treated and untreated ex-
Mandrone M et al. Identification of a… Planta Med 2018; 84: 941–946



▶ Fig. 1 Orthogonal partial least square modeling using 1H NMR data of 49 medicinal plants and collagenase inhibition. A Score plot of t1 (x var-
iables of 1H NMR data) versus u1 of the y variable of the enzyme activity. B S-plot of variables. Red dots are the signals in the range of δ 6.4–7.7.
The signals highly correlated to the activity are in the range of δ 6.88 to 7.08.

▶ Fig. 2 A Yield after polyamide purification (%, w/w) of the most active plants. Ae = Agrimonia eupatoria, Ai = Azadirachta indica, Av = Alchemilla
vulgaris, BpR = Vitellaria paradoxa (roots), Cpl = Cochlospermum planchonii, Cs = Camellia sinensis, Csi = Cassia sieberiana, Ct = Cochlospermum tincto-
rium, Eo = Emblica officinalis, Er = Embelia ribes, Hi = Hemidesmus indicus, Ks = Khaya senegalensis, Tb = Terminalia belerica, Tco = Tinospora cordifolia.
B Decrease in collagenase inhibitory activity of the 14 most active plants after tannin removal. Tannin-free extract of Av almost retains the activity
of the crude one. Values are expressed as the percentage of bioactivity reduction ± SD.
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tracts were compared, showing that in the case of Hemidesmus in-
dicus L. (Apocynaceae), not only the tannins but also the vanillin
positional isomer 2-hydroxy-4-methoxy-benzaldheyde was re-
tained on the polyamide resin (Fig. 1S, Supporting Information).
To evaluate the importance of this compound, a pure standard
was tested, which showed no collagenase inhibitory activity even
at the highest concentrations. Thus, it was concluded that the loss
of activity by the H. indicus tannin-free extract was related to tan-
nins rather than to the absence of this metabolite.

The first stage of this study allowed the selection of A. vulgaris
as the most interesting plant, since its activity was very slightly af-
fected by the removal of tannins (▶ Fig. 2B). The overview pro-
vided by the OPLS model was of great importance, since it sug-
gested proceeding with tannin removal; without this procedure,
a plant with interfering compounds could have been selected as
the most interesting, leading plant to isolate compounds with
false-positive activity.
Mandrone M et al. Identification of a… Planta Med 2018; 84: 941–946
Thus, A. vulgaris was subjected to bioassay-guided fractiona-
tion in order to determine the compound responsible for its bio-
logical activity. The fractionation scheme consisted of an initial
liquid-liquid partition of the crude extract with n-hexane, CHCl3,
and n-BuOH. The most active fraction (n-BuOH) was further puri-
fied by column chromatography. Also, in this stage, the informa-
tion given by the multivariate data treatment was relevant, allow-
ing for the shortening of the bioassay-guided fractionation proce-
dure. The first chromatographic step was performed on an HP-20
resin column to purify the extract from sugars and other primary
metabolites, and obtain fractions enriched in the secondary me-
tabolites. Since this first fractionation, the bioactivity of the ob-
tained fractions was proportional to the intensity of typical flavo-
noid 1H NMR spectral signals. On this basis and considering the
results of the OPLS model, the compound responsible for these
signals was targeted for isolation, speeding up the overall process.
943



▶ Table 1 Collagenase activity inhibition by quercetin-3-O-β-glucu-
ronide, quercitrin, rutin, and doxycycline.

IC50 (µM) IC50 95% CI (µM)

Doxycycline 253.52 251.24–255.81

Quercitrin 241.01 239.56–242.48

Rutin 244.76 242.50–247.02

Quercetin-3-O-β-
glucuronide (1)

74.99 73.45–76.53

IC50 values of collagenase inhibition at µM concentrations. Values are
the mean of four independent experiments. Doxycycline was used as a
positive control
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To ensure that no other compounds were involved in the activ-
ity, all fractions obtained during purification of the targeted com-
pound were submitted to an in vitro collagenase inhibition test.

This procedure led to the isolation of quercetin-3-O-β-glucuro-
nide as the active compound, which was identified by 1D and 2D
NMR, HRMS, and by comparison with literature data [31].
Evidence of the glucuronic acid in the structure was provided by
the HMBC correlation between the signal of the proton at δ 3.58
(H-4′′) in the sugar moiety and the signal of the carbonyl carbon
(C-6′′) at δ 173.2. The HRESIMS analysis further confirmed the
structure, revealing an [M – H]− ion m/z at 477.0851 in the nega-
tive mode (calcd. C21H17O13 477.0675), confirming the molecular
formula of the active compound as C21H16O13.

The isolated quercetin-3-O-β-glucuronide was tested for colla-
genase inhibitory activity and compared to two standards of other
flavonoid glycosides (quercitrin and rutin) and the positive control
doxycycline, the only drug approved by the Federal Drug Admin-
istration as a collagenase inhibitor [32]. The results (▶ Table 1)
showed that quercetin-3-O-β-glucuronide was more potent (IC50

of 74.99 µM) than the positive control doxycycline (IC50 of
253.52 µM) as well as quercitrin and rutin, which expressed IC50

values similar to the positive control. These results suggest the
importance of the presence of the carboxylic acid group (−COOH)
in position 6′′ of the sugar moiety of this flavonoid for the inhibi-
tion of collagenase enzymes.

Flavonoids are a class of natural compounds that are promising
as collagenase inhibitors, and this is the first reported evidence of
anti-collagenase activity of quercetin-3-O-β-glucuronide. It is
likely that flavonoid metal chelating properties [33] can interfere
with both the enzyme active site, which contains Zn(II), and the
environmental Ca(II) site, which is essential for collagenase and
many other MMP catalysis.

In conclusion, metabolomics analysis coupled with multivari-
ate data treatment proved to be an effective approach to identify
some common phytochemical features able to confer collagenase
inhibitory activity to plant extracts. Particularly, it was possible to
establish an apparent correlation between the presence of tannin-
related compounds in several medicinal plants and their anti-col-
lagenase activity.

The invalidation of in vitro bioassays due to the interference of
tannins has been reported for some enzymes, such as α-glycosi-
944
dase and HIV-1 reverse transcriptase [34,35] as well as for some
receptors [36]. However, it is a mistake to generalize this concept,
considering that tannins always interfere with all in vitro assays in-
volving proteins. In fact, tannin-protein interactions are not uni-
versal but rather depend on specific features of the tannin (size
and structure) and the protein (size and amino acid composition)
apart from the environment of the reaction such as pH, temper-
ature, solvent, ionic strength, and reaction time. However, ac-
cording to the results obtained in this study, in the case of the col-
lagenase inhibitory assay, tannins can likely be false inhibitors, and
it is recommended to remove them when performing in vitro col-
lagenase inhibitor assays.

The importance of aromatic compounds other than tannins,
which were also highlighted by the OPLS model, was further con-
firmed by the bioassay-guided procedure carried out on A. vulga-
ris, which yielded a flavonoid, quercetin-3-O-β-glucuronide, as the
active principle. This compound showed a higher potency com-
pared to other flavonoids, as well as to positive control. In the first
screening of the crude extracts, A. vulgaris was considered to be a
medium activity anti-collagenase plant among those tested, but
after the tannin-removal procedure, it became the most active.
This plant is used topically in Mediterranean traditional medicine
for its anti-inflammatory properties and to improve the healing of
wounds and burns. The obtained results support its traditional
uses, encouraging further investigation into its pharmacological
properties on extracellular matrix remodeling.
Materials and Methods

Plant material

Forty-nine samples from plants used in different traditional med-
icine systems were analyzed in this study. Dried and powdered In-
dian plants (used in the Ayurveda tradition) were kindly supplied
by Maharishi Ayurveda Product Italy. They were collected in Ram
Bagh (Rajasthan, India) and authenticated by Dr. M.R. Uniyal,
Maharishi Ayurveda Product Ltd., Noida, India. The Mediterranean
plants were kindly supplied by Biokyma S. r.l and were identified
by Dr. Franco Maria Bini. Voucher specimens of the crude drugs
of Indian and Mediterranean plants were deposited in the Depart-
ment of Pharmacy and Biotechnology, University of Bologna.

The African plants were collected in six villages of Baskouré and
Songretenga communes (Burkina Faso) and identified by Prof.
Joseph Issaka Boussim. Voucher specimens were deposited in the
herbarium of the Botanical Laboratory of the University of Ouaga-
dougou. Details and voucher specimens of the aforementioned
plants are shown in Table 1S, Supporting Information.

Extraction for the biological activity test

Samples of 50mg of dried and powdered plant material were ex-
tracted with 1mL of MeOH/H2O (1 :1) and sonicated for 30min.
After this procedure, the samples were centrifuged for 20min
(1700 × g), then the supernatants were separated from the pellet
and dried to yield the crude extracts.
Mandrone M et al. Identification of a… Planta Med 2018; 84: 941–946
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Tannin removal

The raw extracts were solubilized in the minimum amount of
MeOH/H2O (1 :1) and loaded on a polyamide column (10 × 1 cm)
in a ratio of 0.5 g of sorbent for 100mg of extract. The column
was subsequently eluted with 6mL of EtOH and was taken to dry-
ness at a low temperature (< 40 °C) under reduced pressure yield-
ing the tannin-free fractions.

Sample preparation for 1H NMR metabolomic analysis

Briefly, 0.05 g of dried and powdered plant material was extracted
using 1mL of a mixture (1 :1) of phosphate buffer (90mM,
pH 6.0; Fluka Chemika) in D2O containing 0.1% trimethylsilylpro-
pionic-2,2,3,3-d4 acid sodium salt (TMSP) and CD3OD by ultra-
sonication for 30min. After this procedure, samples were centri-
fuged for 20min (1700 × g) and 300 µL of the extract were trans-
ferred into NMR microtubes.

NMR measurement
1H NMR spectra, J-resolved, 1H-1H homonuclear, and inverse de-
tected 1H-13C correlation experiments were recorded at 25 °C on
a Bruker 600MHz AVANCE II NMR spectrometer (600.13MHz op-
erating at the 1H frequency) equipped with a TCI cryoprobe and Z-
gradient system. CD3OD was used for internal lock purposes.

LC‑MS analysis

UHPLC‑TOF‑MS analyses were performed on an UHPLC system
(Ultimate 3000, ThermoScientific) coupled to an ESI‑Q‑TOF mass
spectrometer (micrOTOF‑QII, Bruker Daltonics) in the negative
mode. The chromatographic separation was done using a Kinetex
C18 UHPLC 2.6 µm, 150 × 2.0mm column (Phenomenex) at a flow
rate of 0.3mL/min and a column temperature of 30 °C. Samples
(3 µL) were eluted using a gradient of solvent A (H2O) and B
(AcCN), both with 0.1% formic acid (v/v). The initial percentage
of B was 5%, which was linearly increased to 90% in 19.5min, fol-
lowed by a 2-min isocratic period, and then re-equilibrated to the
original conditions in 2min. Nitrogen was used as the drying and
nebulizing gas. The gas flow was set at 10.0 L/min at 250 °C, and
the nebulizer pressure was 2.0 bar. The MS data were acquired
over an m/z range of 100–1000. The capillary voltage was 3.5 kV.
For the internal calibration, a 10-mM solution of sodium formate
(Fluka) was infused. Formic acid, H2O, and AcCN were of LC‑MS
grade (Optima, Fisher Scientific).

Multivariate data analysis

The 1H NMR spectra were automatically reduced to ASCII files.
Spectral intensities were reduced to integrated regions of equal
width (δ 0.04) corresponding to the region from δ 0.0 to 10.0.
The regions of δ 5–4.5 and 3.34–3.30 were excluded from the
analysis because of the residual signals of D2O and CD3OD, re-
spectively. Bucketing was performed by AMIX software (Bruker)
with scaling on total intensity. SIMCA‑P+ software (v. 15.0,
Umetrics) was used in order to perform the OPLS model for multi-
variate data analysis.
Mandrone M et al. Identification of a… Planta Med 2018; 84: 941–946
Collagenase inhibitory assay

Biological assays were performed using a microplate reader,
Victor X3 Perkin-Elmer (Perkin-Elmer). The assay was performed
as described by Mandrone et al. [37].

Collagenase (E.C. 3.4.24.3) from Clostridium histolyticum
(type IA, ChC; specific activity 11.72 U/mg) was purchased from
Sigma-Aldrich Co. Twenty mU of enzyme, prepared in Tricine buf-
fer (0.05M, pH 7.5) containing 0.4M NaCl and 0.01M CaCl2, were
incubated for 5min with the extract at a concentration of 50 µg/
mL. The synthetic substrate N-(3-[2-Furyl]-acryloyl)-LeuGly-Pro-
Ala (FALGPA), prepared in the same buffer solution, was added to
start the reaction (final concentration of 0.8mM) in a final volume
of 125 µL. Samples stock solutions were prepared using H2O/
DMSO, with a final concentration of DMSO in the assay of 3%.
The change in absorbance was monitored over a time interval of
5min at 340 nm in a microplate reader at a constant temperature
of 30 °C. In order to calculate the IC50, linear regression curves,
showing sample concentrations (from 5 to 500 µM) on the x-axis
and percentage inhibition on the y-axis, were built using Graph
Pad Prism 4 software (Fig. 2S, Supporting Information). Doxycy-
cline (purity ≥ 98%; Sigma-Aldrich Co.) was used as a positive con-
trol, while the negative control was obtained measuring the reac-
tion of the enzyme and substrate in buffer solution containing
DMSO 3%. Results are the mean of four independent experi-
ments.

The percentage of enzymatic inhibitory activity was calculated
using the following formula:

% inhibition = [1-(ΔAbs/min sample/ΔAbs/min negative control) × 100]
Isolation of quercetin-3-O-β-glucuronide
from Alchemilla vulgaris

The dried and powdered aerial part of the plant material (1000 g)
was exhaustively extracted using 10 L of MeOH/H2O (1 :1, v/v).
The crude extract was filtered in a Büchner funnel and dried under
reduced pressure in a rotary evaporator, yielding 100 g of dry ex-
tract. The extract was suspended in H2O and successively parti-
tioned with n-hexane, CHCl3, and n-BuOH. A concentration of
0.05mg/mL of each fraction was submitted to the bioassay. The
n-BuOH fraction (13.6 g) was the most active, and was thus fur-
ther fractionated using an MPLC instrument (Sepacore, Büchi)
equipped with a UV detector and fraction collector. The extract
was dissolved in a proper amount of MeOH/H2O and loaded onto
an HP-20 resin column (3 × 40 cm; Sigma-Aldrich) and eluted with
a gradient of H2O (solvent A) and EtOH (solvent B) with an initial
content of 0% B (4min), followed by linear increases to 25 (4min),
50 (4min), 75 (4min), and 100% (4min). The flow rate was
50mL/min, and subfractions of 50mL were collected and com-
bined into 11 subfractions (A1–A11).

Subfraction A8 (0.93 g) showed the highest activity value in
the collagenase inhibitory assay and was further fractionated by
MPLC using a column of 80 g of silica gel at a flow rate of 20mL/
min and was eluted with a gradient of CHCl3 (solvent A) and acetic
acid 2% in MeOH (v/v) (solvent B). Initial conditions were 10% B
for 15min followed by a linear increase to 30% B in 5min, 30% B
for 20min, a linear increase 50% B in 5min, and finally 50% B for
945



Original Papers

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ite

it 
Le

id
en

 / 
LU

M
C

. C
op

yr
ig

ht
ed

 m
at

er
ia

l.
10min. Subfractions of 10mL were collected and grouped into
4 subfractions (B1–B4).

The most active fraction, B4, was further separated by MPLC
with a C18 column (4 g) at a flow rate of 10mL/min, collecting
10mL fractions. The fraction was eluted with a gradient of H2O
(solvent A) and MeOH (solvent B), both with 1% formic acid. Initial
conditions were 10% B for 10min followed by a linear increase of
10–20% B in 1min, isocratic elution with 20% B for 20min, in-
crease to 30% B in 1min, 30% B for 10min, increase of 30–50% B
in 1min, 50% B for 10min, increase of 50–70% B in 1min, and
finally 70% B for 5min. This resulted in seven subfractions (D1 to
D7).

Fraction D4 (26.55mg) was further purified on a Sephadex LH-
20, 2 cm × 180 cm column (GE Healthcare) and eluted with
MeOH. This yielded quercetin-3-O-β-glucuronide. All fractions ob-
tained throughout fractionation and purification were analyzed
using both 1H NMR and TLC (silica gel F254; Merck) with a mobile
phase composed of EtOAc/AcOH/HCOOH/H2O (100 :11 :11 :27)
and visualized both at UV‑Vis 254 and 336 nm and chemical deri-
vatization with anisaldehyde spray followed by heating.

Quercetin-3-O-β-glucuronide: yellow powder (MeOH); 1H NMR
(CD3OD, 600MHz) δ 7.73 (1H, d, J = 2.0 Hz, H-2′), 7.59 (1H, dd,
J = 8.5, 2.2 Hz, H-6′), 6.85 (1H, d, J = 8.4 Hz, H-5′), 6.39 (1H, d,
J = 2.1 Hz, H-8), 6.20 (1H, d, J = 2.1 Hz, H-6), 5.37 (1H, d,
J = 7.5 Hz, H-1′′), 3.68 (1H, t, J = 9.9 Hz, H-5′′), 3.57 (1H, t,
J = 9.3 Hz, H-4′′), 3.47 (1H, t, J = 8.8 Hz, H-2′′), 3.47 (1H, t,
J = 8.7 Hz, H-3′′); 13C NMR (CD3OD, 150MHz) δ 173.3 (COOH, C-
6′′), 166.0 (COH, C-7), 162.7 (COH, C-5), 159.0 (C, C-2), 158.3 (C,
C-9), 149.9 (COH, C-4′), 145.9 (COH, C-3′), 135.5 (COR, C-3),
123.0 (C, C-6′), 117.0 (C, C-2′), 115.7 (C, C-5′), 105.5 (C, C-10),
103.8 (COH, C-1′′), 99.5 (C, C-6), 94.4 (C, C-8), 77.6 (COH, C-
3′′), 77.1 (CCOOH, C-5′′), 75.3 (COH, C-2′′), 72.5 (COH, C-4′′);
ESIMS (negative ion mode) m/z 477.1 [M – H]−; HRESIMS m/z
477.0851 [M – H]− (calcd. for C21H17O13 477.0675).

Supporting information

A table showing the data of the plant material (traditional medi-
cine source, scientific name, used part, percentage of anti-colla-
genase activity) and the 1H NMR spectra of H. indicus extract be-
fore and after the polyamide column are available as Supporting
Information.
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