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A B S T R A C T

Introduction: Verbascum betonicifolium (V. betonicifolium) is a plant used in traditional medicine for several ail-
ments. The objective of this study was to determine the antioxidant activity and acetylcholinesterase inhibitory
activity of the aqueous extract together with the metabolites responsible for these activities. This paper presents
the first phytochemical characterization and bioactivities of aqueous extracts from aerial parts.
Methods: The compounds present in the aerial part aqueous extract were identified by high performance liquid
chromatography, coupled to a diode-array detector (HPLC-DAD) and by high-resolution mass spectrometry
(HRMS), using LC–MS/MS analyses. Antioxidant activity was measured as the capacity to scavenge the free
radical DPPH and the AChE activity was determined using the Ellman test. The cytotoxicity was determined used
HepG2 cell lines.
Results: Several types of metabolites were found, primary metabolites (malic, citric and gluconic acids), phenolic
compounds (verbascoside, luteolin), terpenoids (iridoid glycoside, unedide), among others. The total phenol
content of 28 μg of gallic acid equivalents/mg of extract was determined. The aqueous extract antioxidant
activity had and EC50 of 70 μg/mL and the AChE inhibitory activity an IC50 of 750 μg/mL. No cytotoxicity
towards HepG2 cells was detected, even using a concentration of 1mg/mL.
Conclusions: The phenolic compounds present in the extract may be the main contributors to the bioactivities of
V. betonicifolium. These results show for the first time the richness of phytochemicals and the strong bioactivities
of V. betonicifolium and that the aqueous extract could be used as new natural sources of bioactive molecules.

1. Introduction

Verbascum L. is the largest genus of the Scrophulariaceae family,
which comprises more than 300 species of wild growing plants [1].
Several preparations, such as decoctions and infusions of Verbascum L.,
have been used in traditional medicines, for centuries, in almost all
parts of the world [2]. They are traditionally consumed to relieve ab-
dominal pains [3], for the treatment of inflammatory diseases, asthma,
spasmodic coughs and other respiratory problems [4–6]. Constipation
and inflammation are other illnesses which have shown improvement
having been treated with Verbascum species decoctions and infusions
[7].

Many other internal and external uses of Verbascum L. species have
been documented in several societies in Europe, Asia, Africa and
northern America [8]. During explorative research concerning various
plants of Verbascum genus, several biological activities have been re-
ported, such as antioxidant [1] and anti-cholinesterase [6,9], anti-in-
flammatory, antinociceptive and wound-healing, cytotoxicity activity
against several cell lines [10], antitumor activity [11], im-
munomodulatory, antimicrobial, antimalarial and anthelmintic, anti-
viral [12], anti-ulcerogenic, antihyperlipidemic and hepatoprotective
effect [13].

Acetylcholinesterase (AChE, E.C. 3.1.1.7) is an enzyme that cata-
lyses the hydrolysis of the neurotransmitter acetylcholine. This enzyme
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is mainly localized in the synaptic gaps [14] and in the neuromuscular
junctions [15,16]. The inhibition of AChE has been used to alleviate the
symptoms of several diseases, like Alzheimer Disease [17,18] and se-
vere constipation [19,20].

Alzheimer and inflammatory bowel diseases may also be associated
with the existence of free radicals inside the cells [21]. The formation of
these radicals may be due to the normal oxidative metabolism. Al-
though there are endogenous cellular compounds to neutralize free
radicals, this auto-controlling process sometimes is not enough. The
existence of endogenous free radicals together with other factors can
originate diseases like intestinal inflammation, Alzheimer and several
others [22,23]. The antioxidant activity is an important biological ac-
tivity since it is a natural defence mechanism against oxidations pro-
cesses that may occur inside the cell. To help the natural defence me-
chanism it maybe important to consume beverages and other type of
food containing antioxidants [21].

Some of the drugs used in clinic like galantamine, a reversible en-
zyme inhibitor with clinical applications, were found in plants used for
natural medicine [23,24]. The search for antioxidants and enzyme in-
hibitors from natural origin is a matter of continuous research [23,25].

Several medicinal plants rich in phenolic compounds are known to
exhibit antioxidant activity and AChE inhibitory capacity [25–27].
Phytochemical studies on Verbascum species have revealed the presence
of many compounds which can be classified into eight main groups:
saponins, iridoid glycosides, phenylethanoid glycosides, neolignan
glucosides, flavonoids, acetophenone glucoside, phenolic acids and
fatty acids [2,13].

The existence of several phytochemical compounds with phenolic
structure in Verbascum L. species can hypothesize V. betonicifolium to
also exhibit some of these biological activities.

Seeing that there are no reports about the detailed phytochemical
profile and potential biological properties of V. betonicifolium, this work
has as main objective contribute to the knowledge about this plant and
explores the composition of V. betonicifolium aqueous extracts, its an-
tioxidant and AChE inhibitory activities, as a possible contribution to
the knowledge at molecular level of activities described previously as
alleviating constipation and inflammation associated diseases together
with its potential cytotoxicity against human liver cancer cells.

2. Materials and methods

2.1. Reagents and chemicals

All chemicals were analytical grade. Methanol, acetonitrile (ACN),
water and formic acid are from Fisher Scientific, Optima™.
Trifluoroacetic acid (TFA), potassium dihydrogen phosphate, sodium
chloride and tris(hydroxymethyl)aminomethane (Tris) were bought
from Merck. Ethanol 96 % was bought from Carlo Erba and potassium
chloride from Fluka. Folin-Ciocalteu Reagent and sodium carbonate
decahydrate were obtained from Fluka (Steinheim, Germany).
Acetylcholinesterase (AChE), acetylcholine iodide (AChI), 5−5'-di-
thiobis (2-nitrobenzoic acid) (DTNB), 2,2-diphenyl-1-picrylhydrazyl
(DPPH), gallic acid and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tet-
razolium bromide (MTT) were obtained from Sigma. Magnesium
chloride hexahydrate and sodium hydrogen phosphate were bought to
Panreac. RPMI 1640 (RPMI), glutamine, Pen-Strep (penicillin and
streptomycin mixture), foetal bovine serum (FBS) and trypsin were
bought from Lonza (Verviers, Belgium).

2.2. Plant material

Aerial part (leaves, flowers and stems) of V. betonicifolium sf.family
of Scrophulariacea were harvested in the Djurdjura medal of Algeria
(from the vicinity of Bouira province, 800–1200m a.s.l., N 36°27′03′', E
3° 56′03′'), in May 2018. The botanical identification and authentica-
tion of the plant specimen has been confirmed by Dr. Merabti K. at the

Department of Biology, M’sila University, Algeria using flora of Algeria
[28].The reference specimen of the plant collected, namely (Msila univ.
01-2018-Bouira), was deposited in the herbarium of the Department of
Biology of M’sila University, Algeria.

2.3. Aqueous extract

Before undergoing extraction, plant material was washed, dried at
room temperature, protected from light for seven days and powdered to
a fine grade by using a laboratory scale mill. The decoction was ob-
tained by boiling the plant material in water for 20min. After filtration
an opalescent brown extract was obtained, freeze-dried and stored at
−20 °C. Yield of 11 %

2.4. Preparation of mucilage-free extract

To separate mucilages from the extract, 100mg of the dried extract
were macerated with 10mL of distilled water and 40mL ethanol and
kept on ice for 2 h. After this time the mixture was centrifuged for
30min at 4 °C and 5000 rpm and the upper phase was kept. The ob-
tained pellet was mixed with 10mL distilled water and 40mL of
ethanol and the procedure was repeated. The collected upper phase,
designated as Extract without mucilages, was freeze-dried and stored at
−20 °C. The yield was 57 %.

2.5. HPLC-DAD analysis

The chromatographic analyses were carried out on a VWR-Hitachi
Elite LaChrom (VWR, Hitachi, Japan) with a LiChroCART RP-18, 100 Å,
250× 4mm, 5 μm column (Merck), a L-2200 automatic injector, a L-
2300 column oven and a L-2455 photodiode detector (DAD). The
software in the data acquisition was the EZChrom Elite (Hitachi-VWR
International). For each run were injected 25 μL of the solution to
analyse (1 mg dried extract/mL), using the elution process described in
[29].

2.6. Total phenolic content (TPC)

Total phenolic content (TPC) was determined according to Folin-
Ciocalteu method with some minor modifications as described in [30].
For the analysis of the TPC, 10mg dried extract/mL solutions of the
plant aqueous extract and the extract without mucilages were prepared
in water. The method was carried out and the absorbance of the solu-
tions was recorded on an UV–vis recording spectrometer (UV-160U-
Schimadzu) at 760 nm. TPC was quantified in a calibration curve pre-
pared by the same method using a set of standard gallic acid solutions
of different concentrations. The TPC was expressed as μg gallic acid
equivalents (GA)/mg extract.

2.7. LC–MS/MS analysis

The chromatographic analyses were carried out in an Elute auto-
sampler UHPLC (Bruker, Bremen, Germany), using an Intensity Solo 2
RP-18, 100× 2.1mm, 1.8 μm column (Bruker, Bremen, Germany). A
volume of 5 μL was injected (auto injector) into the system using a
gradient composed by water with 0.1 % formic acid (eluent A) and ACN
with 0.1 % formic acid (eluent B) as follows: 0 min – 95 % A;
1.5 min – 95 % A; 13.5min – 25 % A; 18.5min – 0 % A; 21.5 min – 0 %
A; 23.5 min – 95 % A; 30min – 95 % A. The flow rate was set at
0.250mL/min and the column was kept at 35 °C.

For mass spectrometry, an Impact II QTOF (Bruker, Bremen,
Germany) was used and the data was acquired through the
DataAnalysis 4.4 software as described in [29] and in more detail in
Data in Brief [31].
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2.8. Evaluation of antioxidant activity

The ability of the extracts to scavenge DPPH radicals was de-
termined following the procedure described in [32]. The test was car-
ried out in triplicate. Inhibition of DPPH in percent (I, %) was calcu-
lated as given below:

I% = [(Ablank - Asample)/Ablank] × 100 (1)

Ablank is the absorbance of the control reaction and Asample is the ab-
sorbance of the extract.

2.9. Determination of acetylcholinesterase activity

The AChE activity of the extracts was determined with DTNB ab-
sorption test, according to [32]. The result of the hydrolysis of AChI was
the formation of the yellow 5-thio-2-nitrobenzoate anion which is the
reaction of DTNB with thiocholines, catalysed by enzymes which were
recorded with a UV–vis recording spectrometer (UV-160U Schimadzu)
at a wavelength of 405 nm.

2.10. Cytotoxicity

The cytotoxicity of the plant extracts on HepG2 was determined by
the MTT assay [33]. The positively charged MTT penetrate the viable
cells that convert MTT to formazan crystals, which are soluble in me-
thanol. Their absorbance values can be recorded at 595 nm with a re-
ference wavelength of 630 nm in an automated microplate reader. The
HepG2 cell culture was grown according to the methodology described
in [32]. The percentage of cells viability CV (%) was calculated by the
following equation:

CV (%) = (sample/control) x 100 (2)

2.11. Statistical analysis

All the values are replicate of at least 3 experiments and comparison
between the mean values was carried using tests F in ANOVA analysis at
a confidence level of 95 % (a= 0.05), using Excell Microsoft™ program.

3. Results

The aerial part of V. betonicifolium was analyzed by preparing a
plant decoction (using boiling water) in a concentration similar to the
one that may be consumed in an herbal drink (10 g/100mL, a cup of
tea). Since this process co-extracts mucilages and non-starch poly-
saccharides [34] an ethanol precipitation of these compounds (extract
free of mucilages) was carried out [35]. Both extracts were compared
during the bioactivity study.

3.1. Phytochemical profile

In order to have some insight about the phenolic compounds that
might be responsible for the bioactivities, the extracts were analyzed by
HPLC-DAD, Fig. 1. Fig. 1(a) shows the complete plant extract and
Fig. 1(b) the mucilage-free extract. The chromatograms indicate that
the compounds are the same however there was an increase of ap-
proximately 63 % in the amount of almost all the compounds after the
removal of mucilages. This is in accordance with the TPC values de-
termined in the extracts and may explain why the extract without
mucilages always indicated a higher activity.

Several compounds are eluted in the beginning of the chromato-
gram indicating the presence of hydrophilic compounds (highly water
soluble). The UV–vis analysis (Fig. 2) indicates the presence of several
caffeic acid derivatives, probably chlorogenic acid and verbascoside,
usually described in Verbascum genus. The UV–vis spectrum of

compounds eluted at retention time 14.72 and 16.93min show re-
semblance with the derivatives of caffeic acid [36], Fig. 2a–c and with
flavonoid UV–vis spectrum Fig. 2d [36].

3.2. Compound identification in V. betonicifolium mucilage-free extract

The compounds present in V. betonicifolium mucilage-free extract
were identified by using an LC–MS/MS. The extract without mucilages
was analyzed in positive and negative mode, but the identification was
carried out only in negative mode where a higher number of com-
pounds was found, also with higher intensity. The chromatogram in the
negative mode is shown in Data in Brief [31].

The compounds were tentatively identified by using the exact mass
and the formula suggestions by the data acquired in the DataAnalysis™.
PubChem and Metlin databases were also used to propose a chemical
structure and mass fragmentation was applied to confirm the hy-
potheses. The tentative identification of some of the compounds present
in the mucilage free extract can be seen in [31]. Six types of plant
metabolites were found: primary metabolites like malic, gluconic and
citric acids, representing 36 % of the identified compounds; secondary
metabolites like flavonoid derivatives (apigenin, luteolin) and several
glycosylated derivatives, representing 27 % of the identified com-
pounds; caffeic acid derivatives (chlorogenic acid) and several flavo-
noid derivatives representing 9 % of the identified compounds; iridoids
like methylscutelloside, scropheanoside, saccatoside and so on, re-
presenting 30 % of the identified compounds; one lignan and a lactone
sesquiterpenoid were also tentatively suggested. This type of chemical
structures has been detected in other Verbascum species [2,13]. Re-
cently other Verbascum species were reported to have verbascoside and
chlorogenic acid together with other phenolic compounds as major
compounds in an ethanol-aqueous extract [37]. The most intense
compounds are in fact the primary metabolites, representing 36 % of
the total, followed by iridoids and flavonoids, as shown in the heatmap
in Fig. 3.

The compounds identified in other Verbascum sp. are mainly ir-
idoids, caffeic acid derivatives and flavonoids. Verbascoside and
chlorogenic acid can be referred as caffeic acid derivatives while api-
genin, luteolin and their glycosidic derivatives as members of the fla-
vonoid type of compounds. These compounds were also detected in
other Verbascum sp., mainly verbascoside [38]. Iridoids like unedide,
shanzhiside, mehylscutelloside, saccatoside [39], sauroposide and
scropheanoside II were detected. Iridoids have been found in several

Fig. 1. RP-HPLC-DAD of decoction from V. betonicifolium: (a) complete decoc-
tion; (b) mucilage-free extract.
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Verbascum species [13] but these reported here have also been reported
by other researchers in V. betonicifolium.

3.3. Total phenolic content (TPC)

The V. betonicifolium aqueous extract contains several phenolic

compounds. In order to compare the amount of phenolics in the extract
TPC was determined by the conventional spectrophotometric method
using Folin-Ciocalteu. Both extracts were analysed. TPC was de-
termined and presented in Table 1.

TPC of the extract without mucilages is higher than the complete
extract. There was an increase in 52 % in the phenolic content by the

Fig. 2. UV–vis spectrum of 4 compounds appearing on the RP-HPLC-DAD; (a) Rt =14.7min; (b) Rt =16.9 min; (c) Rt =20.7min; (d) Rt =19.7 min.

Fig. 3. Heatmap representing the intensities of each com-
pound in the aqueous V. betonicifolium extract ( re-
presents intensity 137316; represents intensity
1672).
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withdrawal of polysaccharides from the aqueous extract. TPC in the
mucilage-free extract represents 2.8 %, a value similar to that indicated
in another Verbascum sp [9].

3.4. Antioxidant activity

The antioxidant activity was evaluated in the present work using the
DPPH test. The DPPH test indicates the capacity of the compounds
present in the extractions to scavenge free radicals that may exist in the
biological systems.

Several concentrations of the extracts were used to determine if a
relationship existed between the concentration of the polyphenols and
their antioxidant activity. Fig. 4 shows the effect of increasing both
extracts concentration on the capacity to scavenge the DPPH free ra-
dical. A correlation of 0.984 and 0.964 for plant extract and mucilage-
free extract was obtained. The EC50 value for each extract was calcu-
lated and indicated in Table 1. The withdrawal of mucilages increased
the antioxidant activity in 62 %. For the mucilage-free extract an EC50

of 70.6 μg/mL was determined, a value of the same magnitude as the
standard BHT 15.7 μg/mL [30], meaning a high antioxidant activity.
This aqueous extract is similar to the antioxidant activities of other
Verbascum sp. [9,40,41].

3.5. Acetylcholinesterase activity

The decoction from V. betonicifolium was used to determine its AChE
inhibition capacity of the complete extract and the mucilage-free ex-
tract. There was a correlation between the amount of the extract and
the inhibition activity of AChE, 0.995 and 0.984 for the complete de-
coction and decoction without mucilages. IC50 values were calculated
from figures relating to the inhibitory activity with the extract con-
centration. The extract concentration providing 50 % inhibition (IC50)
was calculated from the regression analysis between the inhibitory
activity of the decoctions and their concentration, indicated in Table 1.
Once again the mucilage free extract has a higher inhibitory activity
than the complete one. The IC50 value determined for V. betonicifolium

is of the same magnitude as those obtained with other plants
[32,36,42–44]. Other Verbascum species tested for AChE inhibitory
activities either used methanolic extract [9] or, when using aqueous
extract, did not test its activity, but instead the isolated compounds [6].

3.6. Cytotoxicity

The complete extract cytotoxicity was studied using liver simulating
cells. HepG2 cell line obtained from a cancer liver has the biochemical
metabolism of liver cells and is used to study cytotoxicity of compounds
towards liver cancer cells [45]. Different concentrations from the de-
coction were tested on what concerns the capacity to kill these cancer
cells. Concentrations of the decoction were used from 0.1 mg/mL to
1mg/mL and the cells were able to keep their viability even under the
highest concentration (Table 1). The cells viability in the presence of
the plant extract is in all concentrations around 100 % demonstrating
that the cells are not cytotoxic and do not contain compounds able to
kill liver cancer cells. In fact, other Verbascum species were not cyto-
toxic [46].

4. Discussion

Secondary metabolites are usually considered bioactive molecules,
that is compounds with no nutritional value but biochemically active
inside the human body, what may justify some of the properties de-
scribed by medicinal plant users. V. betonicifolium extract showed an
antioxidant activity measured as the capacity to scavenge free radicals
similar to the BHT used in Food industry [47]. This antioxidant activity
although being a result of all the metabolites present in the extract, is
mainly due to flavonoids as they possess double bonds adjacent to
hydroxyl groups. Flavonoids have been shown to possess high anti-
oxidant activity, for instance other natural products like honey, con-
taining flavonoids have demonstrated high antioxidant activity [48,49].
Iridoids and natural organic acids lack in their chemical structure a
double bond to stabilize the radical formed by the loss of a hydrogen
atom to the free radical DPPH. Flavonoids have shown antioxidant
activity, mainly having an eOH at position C3 [50] and hydroxyl
groups in 3′, 4′ carbon in ring B of the flavonoid structure [51] as is the
case of the flavonoids detected in the extract of V. betonicifolium.

The capacity of flavonoids to inhibit AChE has been well docu-
mented [42,52–55]. The aglycon has a higher AChE inhibitory activity
than the glycosylated derivatives [56] because it fits better inside the
enzyme active site [57]. In V. betonicifolium extract, luteolin and api-
genin have low intensities but the number of total flavonoids is high
(nine compounds detected) being seven of them glycosylated and all
together can account for the IC50 value determined. Apigenin and lu-
teolin, although in a low amount have IC50 values oscillating between 2
μg/mL and 25 μg/mL [58,59]. Caffeic acid derivatives like chlorogenic
acid and verbascoside, also detected in the aqueous V. betonicifolium
extract, although with very low intensities, they also have capacity to

Table 1
Total phenolic content and biological activities of V. betonicifolium extracts.
The upper letters for each row indicated values different at α=0.05.

Tests Extract Extract without
mucilages

Total phenolic content (μg GA eq/mg) 18.9 ± 0.5a 28.7 ± 0.9b

Antioxidant activity (DPPH test) EC50

(μg/mL)
184.1 ± 2.9a 70.6 ± 2.1b

AChE inhibitory activity IC50 (μg/mL) 1200 ± 3a 750 ± 6b

HepG2 viability (1 mg/mL) 100 % –
AChE DPPH

Galantamine IC50 (μg/mL) 0.22 [34] –
BHT IC50 (μg/mL) – 15 [29]

Fig. 4. Antioxidant activity (%) of V. betonicifolium aqueous extract: (○)- with mucilages; (●)-mucilage-free extract.
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inhibit the activity of AChE. Chlorogenic acid has IC50 of 196 μg/mL
[36] and verbascoside approximately 48 μg/mL [9].

The capacity of iridoids to inhibit AChE is not high, although the
bibliography refers high activity for acetylcholinesterase inhibition by
iridoids [60], gentiopicroside, an iridoid detected in another genus,
Centaurium erythraea [29] was devoided of enzyme inhibitory activity.
This was explained by theoretical docking studies carried out with
gentiopicroside and AChE active site. These studies showed that the
inhibition constant is higher for gentiopicroside comparatively to the
polyphenolic compounds and it does not establish strong interactions
with the groups of the amino acid residues in the enzyme active site
[29] leading to higher inhibition values.

The V. betonicifolium extract, although containing iridoids or pri-
mary metabolites with low antioxidant and inhibition of acet-
ylcholinesterase activity, contains flavonoids and other phenolic com-
pounds with reported AChE inhibition and antioxidant potential and
therefore mostly on account of the later compounds, showed to have an
IC50 of the same order of magnitude of extracts containing mixtures of
flavonoids and phenolic acids reported in the literature [32,36,44].

BHT was shown to have adverse effects in laboratory animals [61],
so aqueous extract of this plant seems to be a good alternative to che-
mical antioxidants as they have been consumed for centuries with no
adverse registered effects and having simultaneously other health
benefits like digestive improvement.

The present study had the main limitation of not doing a better
purification of the secondary metabolites. The future work will be to
purify the extract through an SPE column where several hydrophilic
primary metabolites that do not have either antioxidant activity or
acetylcholinesterase inhibitory capacity can be discarded. This pur-
ification will increase the concentration of secondary metabolites per
mg of extract, leading to higher bioactivities. To get a better insight into
the class of compounds that present the antioxidant or the enzyme in-
hibitory activity, a separation step between the two types of chemical
structures, iridoids and flavonoids, could also be introduced in the
purification method, mainly by preparative RP-HPLC-DAD.

5. Conclusions

Systematic studies of medicinal plants namely V. betonicifolium are
reported here for the first time. Aqueous extract from aerial part of V.
betonicifolium are a rich source of antioxidant, also showing capacity to
inhibit acetylcholinesterase. These activities are mainly due to the
polyphenols, especially flavonoids and phenolic acids present in the
decoction of this herb, which seems to be a good promising source of
bioactive molecules. The antioxidant activities displayed by aqueous V.
betonicifolium extracts may justify a future inclusion of this species in
the list of natural additives to be used in foodstuffs for their pre-
servative properties. This is a plant worthwhile to explore as inhibitor
of AChE activity facilitating the digestion and also on what concerns
antioxidant activity, leading to the development of new process of ar-
omatizing and giving nutritional value to oils and other foods.
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