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Abstract: Anxiety disorders are common and complex psychiatric syndromes affecting a broad
spectrum of patients. On top of that, we know that aging produces an increase in anxiety vulnerability
and sedative consumption. Moreover, stress disorders frequently show a clear gender susceptibility.
Currently, the approved pharmacological strategies have severe side effects such as hallucinations,
addiction, suicide, insomnia, and loss of motor coordination. Dietary integration with supplements
represents an intriguing strategy for improving the efficacy and the safety of synthetic anxiolytics.
Accordingly, a recent article demonstrated that glyceric bud extracts from Tilia tomentosa Moench
(TTBEs) exert effects that are consistent with anxiolytic activity. However, the effects of these
compounds in vivo are unknown. To examine this question, we conducted behavioral analysis in
mice. A total of 21 days of oral supplements (vehicle and TTBEs) were assessed by Light Dark and Hole
Board tests in male and female mice (young, 3 months; old, 24 months). Interestingly, the principal
component analysis revealed gender and age-specific behavioral modulations. Moreover, the diet
integration with the botanicals did not modify the body weight gain and the daily intake of water.
Our results support the use of TTBEs as dietary supplements for anxiolytic purposes and unveil age
and gender-dependent responses.

Keywords: polyphenols; bud-derivatives; nutraceuticals; supplements; anxiety; mood disorders;
mice behaviour; principal component analysis

1. Introduction

Anxiety and stress-related disorders are psychiatric conditions vulnerable to the influence of
altered signaling from the gut microbiota [1]. Accordingly, the scientific community suggests that a
correct interpretation of the diet and, if necessary, a targeted food supplementation can improve the
effectiveness of therapies [2]. Another critical point in the management of anxiety-like disorders is
the gender and age susceptibility [3–6]. Reporting data demonstrated that females are more affected
by anxiety, and that, currently, both young and old people make wide use of anxiolytic drugs [7,8].
The social impact of anxiolytics consumption generates the need to strongly reduce the power of side
effects [9–11]. Consequently, the integration of actual therapy with dietary supplements like botanicals
could be recommended in the most fragile patients [12]. Interestingly, bud-derivatives, obtained by
macerating meristematic fresh tissues of trees and herbaceous plants, represent a relatively new
category of botanicals. In most countries of the EU, bud-derivatives, named also gemmoderivatives or
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embryo-extracts, are classified as plant food supplements [13–17]. The genotype of the considered
species and varieties, the environmental characteristics of the sampling-sites, the phenological stage of
the buds, the applied agrotechniques and the manufacturer practices influence the quality of these
preparations [18].

Tilia tomentosa Moench buds are used worldwide for the preparation of tea and dietary supplements.
This use is justified by a plethora of potential healthy properties attributed to Tilia tomentosa Moench
Buds Extracts (TTBEs). TTBEs represent one of the dietary supplements investigated in the FINNOVER
project (Innovative strategies for the development of cross-border green supply chains), a European
Interreg Alcotra Italy/France project (2017–2020). Interestingly, TTTBEs are considered for their
potential anxiolytic effects on the central nervous system (CNS) [19,20], probably due to their phenolic
composition mainly represented by flavonols (quercetin, kaempferol, and apigenin derivatives)
and phenolic acids.

Recently, Allio and colleagues examined the impact of TTBEs at gamma-aminobutyric (GABA)ergic
synapses by performing post-synaptic voltage-clamp recordings in neuronal cultures. Direct application
of TTBEs on post-synaptic terminals activated a chloride current in a way consistent with the selective
activation of GABAA receptors [20]. Dysfunctions of the GABA system in the CNS have long been
associated with anxiety and mood disorders [21,22]. Similarly, noradrenaline is also known to play a
main role in the rapid responses to environmental stimuli and stress [23,24]. The GABAergic and the
noradrenergic system are closely connected as demonstrated by reliable data in the literature showing
GABA modulates the release of noradrenaline in the CNS. In particular, the GABAergic modulation
involves presynaptic release-regulating GABAA receptors controlling noradrenaline exocytosis from
noradrenergic nerve terminals [25,26]. Accordingly, the interplay between GABA and noradrenaline
neurotransmission could explain the efficacy of pharmacological and/or nutraceutical approaches
against mood illnesses. The hypothesis that TTBEs can influence this pathway also fully explains their
effects when administered in vivo.

Based on these observations, we decided to investigate whether dietary supplementation with
TTBEs, marketed for human consumption, modify motor and behavioral skills in an animal model.
Our results support the idea that dietary integration with TTBEs represent a nutritional strategy to
counteract stress and anxiety symptoms also in human.

2. Materials and Methods

2.1. Raw Samples

Tilia tomentosa Moench (Malvaceae) leaves were collected at embryonic stage as meristematic
tissues: buds and young sprouts. The raw material was collected in the period February–April 2017
from plants spontaneously grown in the valleys of Chisone, Pellice, Germanasca, Bronda, and Varaita
(Turin, Italy) and authenticated by a botanist. The manufacturing of the corresponding herbal
preparations, Glyceric Macerates (GM), was performed by the encoded traditional method during
2017 in an Italian food supplements company (GEAL PHARMA—Turin, Italy). In detail, GM were
prepared according to the European Pharmacopoeia 8th edition (Pharmaciens 1965), following the GM
procedure deriving from the French Pharmacopoeia and adapted by the food supplements company
using a cold maceration of the fresh raw material in a solution of water, 95% ethanol, and glycerol
(50/20/30 w/w) with a 1:15 weight ratio between plant and solvent. The cold maceration process was
protracted for 3 months, followed by a first filtration and, after 2 days of decanting, a second filtration
(Whatman paper filter, n◦ 1, Sigma Aldrich, Milan, Italy). The obtained extracts (TTBEs), which
represent the commercial products, were stored in dark bottles at normal atmosphere (N.A.), at 4 ◦C
and 95% relative humidity until commercialization/use.
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2.2. Spectroscopic Analysis: UV-Visible Fingerprint

UV–Visible absorption spectra (200–900 nm) were recorded by a spectrophotometer Agilent Cary
100 (Varian Co., Santa Clara, CO, USA) with 0.5 nm resolution, using rectangular quartz cuvettes
with 1 cm path length. In order to avoid signal saturation GMs, before the spectroscopic analysis,
were suitably diluted in the maceration solvent and thereafter spectra were acquired in duplicate and
then averaged. The collection was performed at room temperature (25 ± 1 ◦C), against a blank solution
represented by the dilution solvent. Standard normal variate (SNV) transform was later performed
on the spectral data to remove or at least minimize any unwanted spectral contribution arising from
multiplicative effects of scattering [27].

2.3. HPLC Analysis

In this study, fingerprint analysis for phytochemical characterization of samples were performed by
different HPLC–DAD methods. Four polyphenolic classes were considered: benzoic acids (ellagic and
gallic acids), catechins ((+)catechin and (−)epicatechin), cinnamic acids (caffeic, chlorogenic, coumaric,
and ferulic acids), and flavonols (hyperoside, isoquercitrin, quercetin, quercitrin, and rutin). Total
bioactive compound content (TBCC) was evaluated as the sum of the selected bioactive [27] compounds
with health-promoting effects on human organism (“multimarker approach”) [28]. Biomarkers were
selected for their demonstrated positive healthy properties and antioxidant capacity by literature in
relation to the use of this plant-derived products.

The chromatographic analysis was performed by an Agilent 1200 High-Performance Liquid
Chromatograph equipped with an Agilent UV-Vis diode array detector (Agilent Technologies, Santa
Clara, CA, USA). Bioactive molecules were separated on a Kinetex C18 column (4.6 × 150 mm, 5 m,
Phenomenex, Torrance, CA, USA). Several mobile phases were analyzed and UV spectra were recorded
at different wavelengths, according to [10,18], with minor modifications: (i) a solution of 10 mM
KH2PO4/H3PO4 (A) and acetonitrile (B) with a flow rate of 1.5 mL·min−1 (method A—analysis of
cinnamic acids and flavonols, gradient analysis: 5% B to 21% B in 17 min + 21% B in 3 min + 2 min
of conditioning time); (ii) a solution (A) of methanol/water/formic acid (5:95:0.1 v/v/v) and a mix
(B) of methanol/formic acid (100:0.1 v/v) with a flow rate of 0.6 mL·min−1 (method B—analysis of
benzoic acids and catechins, gradient analysis: 3% B to 85% B in 22 min + 85% B in 1 min + 2 min of
conditioning time). UV spectra were recorded at 330 nm (A); 280 nm (B).

All single compounds were identified in samples by comparison and combination of their retention
times and UV spectra with those of authentic standards in the same chromatographic conditions.

2.4. Animals

Male and female mice (strain C57BL/6J) were purchased from Charles River (Calco, Italy).
Mice were reared up to 3 and 24 months in the animal facility of the Department of Pharmacy, Section of
Pharmacology and Toxicology, School of Medical and Pharmaceutical Sciences, University of Genoa
(authorization n. 484 of 8th June 2004). The experimental procedures have complied the European
legislation (Directive 2010/63/EU for animal experiments), the ARRIVE guidelines, and they were
approved by the Committee on the Ethics of Animal Experiments of the University of Genoa and by
the Italian Ministry of Health (DDL 26/2014 and previous legislation; permit number 50/2011-B and
number 612/2015-PR).

2.5. Dietary Supplementation and Testing Procedure

Mice were assigned to the following groups for each condition (young male, old male, young female,
and old female): water (w), ethanol and glycerol (vehi), and Tilia (TTBEs). All the treatments were
performed orally; vehi and TTBEs were dissolved in the drinking water (500 µL in 500 mL). We decided
the route and timing of treatments to limit the stress of animals according to the nutraceutical paradigms.
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Animals were checked daily for the drugs intake and the weight was controlled before (day 0) and at
the end (day 21) of the chronic administration.

2.6. Hole Board

The hole-board apparatus consists of black panel (40 × 40 cm, 2.2 cm thick) with 16 equidistant
holes 3 cm in diameter in the floor. The board was positioned 15 cm above the table and divided into
9 squares of 10 × 10 cm. Each animal was placed singly in the center of the board and its behavior
recorded with a video camera for 5 min. Head dippings, % of area explored, and the entries into the
center were recorded according to [29]. Results are reported as means ± SEM.

2.7. Light/Dark Box

The light-dark box consists of two communicating sections one illuminated and the other dark
(each comprising 35 × 30 × 21 cm). Each mouse was placed in the center of the light zone, and then the
operator started to record 5 min of spontaneous exploration. Video recordings of mice behaviors were
analyzed through the Tox Track software v2.83 [30].

2.8. Release Studies

Mice were sacrificed by cervical dislocation and promptly decapitated to collect the cortices.
Each cortex was homogenized in 10 volumes of 0.32 M sucrose, buffered to pH 7.4 with
Tris-(hydroxymethyl)-amino methane (Tris, final concentration (f.c.) 0.01 M) to prepare purified
synaptosomes [31]. The homogenate was centrifuged at 1000× g for 5 min and the supernatant was
stratified on a discontinuous Percoll gradient (2%, 6%, 10%, and 20% v/v in Tris-buffered sucrose)
and centrifuged at 33,500× g for 5 min. The layer between 10% and 20% Percoll (synaptosomal fraction)
was collected and washed by centrifugation. The synaptosomal pellets were resuspended in
a physiological solution with the following composition (mM): NaCl, 140; KCl, 3; MgSO4, 1.2;
CaCl2, 1.2; NaH2PO4, 1.2; NaHCO3, 5; HEPES, 10; glucose, 10; pH 7.2–7.4.

2.9. Experiments of Release

Purified nerve endings were incubated for 15 min a 37 ◦C with [3H]noradrenaline
([3H]NA; f.c.: 30 nM) in the presence of 0.1 µM 6-nitroquipazine and 0.1 µM GBR12909 to block
false labelling of serotonergic and dopaminergic synaptosomes, respectively. An equal amount of
synaptosomal suspension was then stratified on microporous filters at the bottom of parallel chambers
in a Superfusion System (Ugo Basile, Comerio, Varese, Italy) [32] and maintained at 37 ◦C. Isolated nerve
endings were superfused with the physiological solution for 38 min to balance the system and then
exposed to muscimol. Eight minutes before agonist the synaptosomes were exposed to TTBEs or
antagonists. Fractions and filters were collected as above and measured for radioactivity according
to [33].

2.10. Statistical Analysis

The univariate statistical analysis and the correspondent graphical representation were carried
out by using Past 3 or 4 [34]. An analysis of variance was performed by ANOVA followed
by Tukey’s multiple comparison test. Data are presented as the mean ± standard error of the
mean (SEM) and considered significant for p < 0.05 at least. Multivariate data analysis has been
performed by CAT (Chemometric Agile Tool) software (August 27, 2020), one advanced chemometric
multivariate analysis tool based on R, developed by the Chemistry Group of the Italian Chemical Society
(http://gruppochemiometria.it/index.php/software). PCA was applied as explorative multivariate
statistical method of unsupervised pattern recognition to rationalize the useful information of a data
set [35,36]. Each column (variable) of the data set (data matrix) under study is considered as an axis in
the multi-dimensional space and each row (object) of the data set under study is a point in this space.

http://gruppochemiometria.it/index.php/software
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PCA algorithm searches for the maximum variance direction, the first principal component (PC1),
corresponding to a high amount of information in the multidimensional space of the original data.
The second principal component (PC2) is the direction having the largest remaining variance among
all directions orthogonal to the first PC. As well as each succeeding component has as much of the
remaining variability as possible which is not explained by the previous PCs. In this way, the large
amounts of complex information, the multivariate original data matrix, is rationalized by way of
simple bidimensional or tridimensional plots. Few animals were not included in the data when they
showed lesions or complete immobility (*). Moreover, some (<3%) of video examinations were not
included in the data analysis due to the video quality or software limits.

2.11. Drugs

1-[7,8 3H]-noradrenaline (specific activity 39 Ci mmol−1) was from Perkin Elmer. TTBEs from
Gealpharma and muscimol bicucullin and all standards for HPLC analysis were from Sigma Aldrich
(Milan, Italy). 6-Nitroquipazine maleate was donated from Duphar, Amsterdam, The Netherlands.
1-(2-(Bis-(4-fluorophenyl) methoxy) ethyl)-4-(3-phenylpropyl) piperazine dihydrochloride (GBR12909)
was purchased from Tocris Bioscience (Bristol, UK). Ethanol was supplied by VWR International S.r.l
(Milan, Italy).

3. Results

3.1. Bud-Extracts Characterization: UV-Visible and HPLC Fingerprints

The quality control of the commercial bud-derivatives has been performed using both an
untargeted spectroscopic fingerprint and a targeted chromatographic fingerprint as previously
reported by the authors [37–41]. As far as the first one is concerned, UV-Visible spectroscopy
was employed in a screening step in order to obtain a rapid preliminary untargeted fingerprint
of the extract (after Standard Normal Variate—SNV pre-treatment) and followed by the targeted
fingerprint by HPLC chromatography. Phytochemical fingerprint showed that benzoic acids
(560.61 ± 31.92 mg/100 g FW) and catechins (424.20 ± 41.41 mg/100 g FW) represented the main
phenolic classes in the analysed bud-extracts (47% and 36% of the total phytocomplex, respectively),
followed by flavonols (166.34 ± 14.02 mg/100 g FW, 14% of the total phytocomplex) and cinnamic acids
(32.02 ± 2.80 mg/100 g FW, 3% of the total phytocomplex) as reported in Table 1.

Table 1. Main phytochemicals in T. tomentosa bud-extract.

Chemical Class Phytochemical mg/100 g of Fresh Weight (FW)

Cinnamic acids

Caffeic acid n.d.
Chlorogenic acid n.d.

Coumaric acid n.d.
Ferulic acid 32.02 ± 2.80

Flavonols

Hyperoside 32.98 ± 3.46
Isoquercitrin 10.45 ± 3.67

Quercetin 116.75 ± 4.95
Quercitrin 4.38 ± 1.59

Rutin 1.78 ± 0.36

Benzoic acids
Ellagic acid 440.21 ± 21.02
Gallic acid 120.40 ± 10.90

Catechins
(+)-Catechin 203.56 ± 31.39

(−)-Epicatechin 220.64 ± 10.03

The results are expressed as mean ± S.D. n.d. = not detected.

In Figure 1, UV-Visible spectra, HPLC fingerprint, and bioactive compound quantification of the
T. tomentosa bud-extract were reported.
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Figure 1. UV-Vis spectra (a), bioactive compound quantification (b), and HPLC fingerprint (c,d) of the
T. tomentosa bud-extracts.

3.2. Evaluation Active Dilutions of TTBEs on Native Brain Targets

Cortical noradrenergic synaptosomes express functional GABAA receptors modulating
noradrenaline exocytosis as previously demonstrated in rats by Schmid and colleagues in 1999.
Accordingly, in our experimental conditions, muscimol induces a concentration-dependent stimulation
of these receptors able, in cascade, to elicit noradrenaline release in a bicucullin-sensitive
manner (1 µM; Figure 2a). Data in the literature, published adopting an electrophysiological
approach, suggest that TTBEs mimic GABA and benzodiazepines at GABAA receptors [20].
Consequently, we selected a submaximal concentration of muscimol to investigate the modulatory role of
TTBEs on presynaptic GABAA receptors regulating noradrenaline release. Progressive water-dilutions
of commercial bud extracts are utilized during in vitro superfusion experiments from cortical
synaptosomes. Figure 2b demonstrates that TTBEs potentiated the 10 µM muscimol induced
noradrenaline release in a concentration-dependent manner. Interestingly, 1:2000 TTBEs provoked a
significant increase in the muscimol induced [3H] noradrenaline release that is also confirmed at lower
dilutions. Interestingly, 1:2000 TTBEs was ineffective on noradrenaline basal release (data not shown).
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Figure 2. In vitro noradrenaline release from cortical synaptosomes of young male mice: functional
activity of native GABAA receptors in presence of TTBEs dilutions. (a) Counteracting effect of
1 µM bicucullin on muscimol evoked [3H]noradrenaline release (b). Effects of TTBEs on 10 µM
muscimol evoked [3H]noradrenaline release. Data represent the mean ± S.E.M. from six young male
mice. Statistical analysis was performed by applying ANOVA followed by the Tukey’s Multiple
Comparison test. * p < 0.05, ** p < 0.01 vs. 10 µM muscimol.

3.3. Dietary Supplementation with TTBEs: Control of Daily Intake and Weight Gain

Basing on in vitro results, we start with the in vivo behavioural evaluations of anxiolytic
TTBEs properties. A total of 21 days of chronic oral administration of 1:2000 TTBEs
in drinking water involved 4 animal groups divided according to gender and age profile
(young male, young female, old male, and old female). Moreover, each group is separated into three
subgroups based on the drinking solutions (water, vehicle, and TTBEs) to accurately discriminate
possible effects due to the presence of ethanol and glycerin. During the oral supplementation,
animals are monitored to evaluate changes in water consumption and body weight. Data displayed in



Nutrients 2020, 12, 3328 8 of 22

Table 2 demonstrated that neither the vehicle nor the TTBEs significantly modify the amount of liquid
drunk. Accordingly, in each group, the weight growth was significantly unaltered by vehicle or TTBEs.

Table 2. Weight gain and water consumption.

Animals Treatment Water Consumption Weight n

Start End Variation

YM
W 6.38 ± 0.63 26.4 ± 0.3 27.1 ± 0.3 (+2.8%) 15

Vehi 6.12 ± 0.55 27.9 ± 0.5 29 ± 0.6 (+4.3%) 26
TTBEs 6.91 ± 0.26 27 ± 0.2 28.3 ± 0.3 (+5%) 24

YF
W 5.94 ± 0.45 22 ± 0.2 22.5 ± 0.3 (+2.3%) 14

Vehi 5.67 ± 0.38 21.7 ± 0.2 22.6 ± 0.1 (+4.1%) 20
TTBEs 5.39 ± 0.58 20.5 ± 0.1 20.9 ± 0.1 (+2.2%) 26

OM
W 6.65 ± 0.13 29.2 ± 0.5 29.2 ± 0.4 (−0.1%) 12

Vehi 6.12 ± 0.48 30.6 ± 0.5 30.5 ± 0.5 (−0.2%) 12
TTBEs 6.78 ± 0.19 33.6 ± 0.4 33.7 ± 0.3 (+0.3%) 12

OF
W 4.91 ± 0.62 25.6 ± 0.5 25.8 ± 0.5 (+0.8%) 14

Vehi 4.37 ± 0.52 26.5 ± 0.3 26.2 ± 0.2 (−1.4%) 18
TTBEs 3.83 ± 0.33 26.7 ± 0.3 26.3 ± 0.4 (−1.7%) 18

The results are expressed as mean ± S.E.M. YM: young male, YF: young female, OM: old male, OF: old female,
W: water, Vehi: vehicle, TTBEs: Tilia tomentosa Moench Buds Extracts.

3.4. Dietary Supplementation with TTBEs: Behavioral Scores

Animal behavioral performances in the hole board test (n◦ head dippings—%HD, % of area
explored—%AE, % of entries into center—%C) and in light dark box test (time in light—tL, n◦ of
transitions—T, average speed—Av Sp, exploration rate %—RAE and total distance—D) are analyzed
before (day 0) and at the end (day 21) of the dietary supplementation.

The corresponding data matrix D16,8 has been reported in Table 3.

Table 3. Data matrix D16,8: 16 animal groups, classified both by age (c1) and gender (c2), and the 8
behavioral scores.

c1 c2 %HD %AE %C tL T Av Sp RAE D

YMW Y M 4.50 38.89 22.92 36.00 6.25 7.62 87.60 2375.00
YMVehi Y M 12.00 59.26 24.37 46.00 7.33 7.52 76.67 2350.00
YMTTBEs Y M 17.22 83.95 18.88 56.00 10.45 11.55 84.42 3586.00
YFW Y F 5.83 50.00 10.28 21.25 3.75 9.34 79.50 2918.00

YFVehi Y F 9.12 63.89 6.59 60.11 6.78 9.88 78.83 3074.00
YFTTBEs Y F 19.75 69.44 5.42 50.82 9.00 6.15 70.60 1920.00
OMW O M 2.33 22.22 33.33 71.00 5.50 4.10 45.20 1124.00
OMVehi O M 3.17 38.89 47.22 51.50 4.67 4.05 48.67 1282.00
OMTTBEs O M 11.29 66.67 25.01 59.00 4.25 6.38 43.00 2104.00
OFW O F 7.67 55.00 13.42 52.50 7.67 4.21 48.00 1224.00

OFVehi O F 13.80 75.55 9.51 30.00 3.33 4.31 47.00 1358.00
OFTTBEs O F 11.17 70.37 7.26 35.16 3.60 4.70 46.00 1527.00
ZeroYMW Y M 30.41 94.95 5.73 58.69 8.23 12.54 46.75 3911.75
ZeroYFW Y F 31.42 93.98 8.15 71.38 8.00 11.24 60.50 3508.50
ZeroOMW O M 28.35 93.46 12.63 95.67 6.22 6.97 55.25 2210.00
ZeroOFW O F 27.00 82.64 13.87 58.31 7.07 7.19 50.67 2309.17

YMW: young male water, YFW: young female water, YMVehi: young male vehicle, YFVehi: young female vehicle,
YMTTBEs: young male Tilia tomentosa Moench Buds Extracts, YFTTBEs: young female Tilia tomentosa Moench
Buds Extracts, ZeroYMW: day 0 young male water, ZeroYFW: day 0 young female water, OMW: old male water,
OFW: old female water, OMVehi: old male vehicle, OFVehi: old female vehicle, OMTTBEs: old male Tilia tomentosa
Moench Buds Extracts, OFTTBEs: old female Tilia tomentosa Moench Buds Extracts, ZeroOMW: day 0 old male
water, ZeroOFW: day 0 old female water.
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In details, the data matrix D16,8, whose rows are the objects (the first 12 correspond to the
treated animals and the last 4 to the animals at the zero conditions) and whose columns are the
results of the 8 behavioral test investigated, was taken into account. The objects are described by
8 experimental variables and by 2 categories (c1: age and c2: sex). PCA was applied as unsupervised
pattern recognition technique in order to explore the mice behavior information using a multivariate
approach [35,36]. PCA was performed after the autoscaling pre-processing of the data matrix in order
to elaborate the multivariate data characterized by different scales and units. This pre-processing
technique commonly used in multivariate analysis, consists of mean-centering followed by the division
of each column of the data matrix by its standard deviation [35].

The first 2 principal components (PC1-PC2) explained the 72% of the total variance/information of
the data set as highlighted in Figure 3.
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Figure 4 shows the PCA score plot, biplot (scores plus loadings plot), and loading plots on the
first to the second PCs obtained from the above-mentioned data matrix.
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Figure 4. (a) PC1-PC2 score plot and biplot of the D16,8 data matrix. (b) PC1-PC2 biplot (scores plus
loadings plot). Animals are categorized by age: old mice are reported in black and young ones
in red, respectively. (c) Loading plot on PC1. (d) Loading plot on PC2. YMW: young male
water, YFW: young female water, YMVehi: young male vehicle, YFVehi: young female vehicle,
YMTTBEs: young male Tilia tomentosa Moench Buds Extracts, YFTTBEs: young female Tilia tomentosa
Moench Buds Extracts, ZeroYMW: day 0 young male water, ZeroYFW: day 0 young female water,
OMW: old male water, OFW: old female water, OMVehi: old male vehicle, OFVehi: old female vehicle,
OMTTBEs: old male Tilia tomentosa Moench Buds Extracts, OFTTBEs: old female Tilia tomentosa Moench
Buds Extracts, ZeroOMW: day 0 old male water, ZeroOFW: day 0 old female water, HD: n◦ head
dippings, %AE: % of area explored, %C: % of entries into center, tL: time in light, T: n◦ of transitions,
Av Sp: average speed, RAE: exploration rate %, D: total distance.

PC1, the direction of maximum variance which explains the 50.1% of the total information,
allows a good discrimination between the objects according to the different treatments
(W: water; Vehi: vehicle; TTBES: Tilia). Particularly, as shown in Figure 4a, TTBEs move objects to the
animals at the starting conditions (indicated as zero) which have higher scores on PC1. Regarding young
animals (in red), these zero conditions are the same both for male and for female, while in the case of
old mice (in black) are different between the genders.

On PC2, which explains the 22% of the remaining variance, the old animals (in black) are separated
from the young ones (in red). As showed in Figure 4b,c, the HD (n◦ of head dippings), the %AE



Nutrients 2020, 12, 3328 11 of 22

(% of area explored), D (total distance) and Av Sp (average speed), highlighted in yellow in the biplot,
had highest loadings on PC1. Instead, variables obtained from the light dark box test such as the time
in light (tL) and the exploration rate (RAE), highlighted in blue in the biplot, had highest loadings on
PC2 and they resulted important to separate young and old animals (Figure 4d). The PCA analysis of
our data clearly demonstrated that young and old animals are very discernible by the variable included.
Indeed, the age-dependent behaviors are strongly described by the PC2 that is positively associated
with tL and RAE. According to previous results, repeated exposure to a novel apparatus produced
a reduction in exploration parameters due to a process commonly referred to as habituation [42].
Indeed, in our experimental conditions, most of the behavioral parameters were decreased in water
groups compared with the scores in time 0 section (Table 3). Curiously, the habituation seemed more
effective in the young male group and less potent in the old female group. Across the age and gender
groups, this phenomenon appeared less active on two parameters (%C and RAE). To precisely evaluate
the effects of the oral supplementation and the gender dependency, we decided to normalize each
animal score, subtracting the respective time 0 section scores. In detail, two separate matrices were
created (M6,8 for male mice and F6,8 for female ones, respectively) by subtracting the corresponding
zero condition for each object (Figure 5).
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Figure 5. PC1-PC2 score plot (a) and biplot (b) of the M16,8 data matrix. PC1-PC2 score plot (c)
and biplot (d) of the F16,8 data matrix. tL_1: time in light day 21-day 0, HD_1: head dippings day
21-day 0, AE_1: % of area explored day 21-day 0, RAE_1: exploration rate % day 21-day 0, %C_1: % of
entries into center day 21-day 0, Av Sp_1: average speed day21-day0, T_1: n◦ of transitions day 21-day
0, D_1: distance day 21-day 0, W: water, Vehi: vehicle, TTBEs: Tilia tomentosa Moench Buds Extracts.
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Figure 5a shows the PC1-PC2 score plot of M6,8 data matrix corresponding to the male animals,
which explains the 83.1% of the total variance/information of the data set. In this plot, the effects
of TTBEs treatment on young (in red) and old (in black) mice, respectively, are better highlighted.
In fact, both for young and old mice, the TTBEs animals separate on PC1 from the corresponding ones
treated with W or Vehi. On PC2, as previously already described, old animals (in black, higher scores
on PC2) are separated from the young ones (in red, lower scores on PC2). After the TTBEs treatment
the HD, % AE, Av Sp, and D variables increase (Figure 5b) and consequently the differences with
respect to the zero conditions decrease, i.e., HD_1, % AE_1, Av Sp_1, and D_1 (highlighted in
yellow). On the contrary as concerns %C variable, the difference with respect to the zero conditions
(i.e., %C_1 highlighted in blue) increases.

As regards young females (in red), the PC1-PC2 score plot of F6,8, which almost explains the
78% of the total variance, shows a similar trend to male mice (Figure 5c). Particularly after the
TTBEs treatment, the HD and % AE increase (Figure 5d, loadings highlighted in yellow) while % C,
Av Sp, and D decrease determining an increase in differences compared to the corresponding zero
condition (i.e., % C_1, Av Sp_1, D_1: in blue). The two obtained distinct matrices for male and female
animals are reported in Appendix A.

Then we performed a post-hoc analysis on each behavioural variable to better characterize the
anxiolytic effect of TTBEs. It has been previously reported that the exposure of animals to various
stressful stimuli decreases some exploratory behaviours [43,44]. In the hole-board test, a pronounced
inhibition of head-dipping behaviour was observed in animals that had been exposed to stressful
stimuli [45]. The results with the univariate statistical analysis demonstrated a significant increase in
the number of head dippings in young animals and old male mice after 21 days of TTBEs treatment
(Figure 6a). Moreover, the chronic oral treatment with bud extracts increased the total amount
of locomotion, expressed as % of area explored (Figure 6b), both in young and in old male mice.
Although the TTBEs did not increase the %center entries (Figure 6c), both curiosity and exploration
were modified which is consistent with a reduction in anxiety-like behaviour. Conversely, the HB
scores in females are insensitive to dietary integration with the exception of HD in younger animals
(Figure 7a).
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Figure 6. Hole Board test in young and old male mice: effects 21 days of dietary integration with
vehicle, TTBEs respect to water. Behavioral skills were quantified as (a) n◦ head dippings (%HD),
(b) % of area explored (%AE), (c) % of entries into center (%C). Data represent the mean ± S.E.M.
(n = 6 (W), 14 (Vehi) 12 (TTTBEs) young and (n = 6 (W), 6 (Vehi) 6 (TTTBEs) old mice analyzed in
three different trials. Statistical analysis was performed by applying ANOVA followed by the Tukey’s
multiple comparison test. * p < 0.05; p < 0.01 vs. water; § p < 0.05 vs. vehicle.
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Figure 7. Hole Board test in young and old female mice: effects 21 days of dietary integration with
vehicle, TTBEs respect to water. Behavioral skills were quantified as (a) n◦ head dippings (%HD),
(b) % of area explored (%AE), (c) % of entries into center (%C). Data represent the mean ± S.E.M.
(n = 6 (W), 11 (Vehi) 14 (TTTBEs) young and (n = 8 (W), 9 (Vehi) 9 (TTTBEs) old mice analyzed in
three different trials. Statistical analysis was performed by applying ANOVA followed by the Tukey’s
multiple comparison test. * p < 0.05 water.
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In the LD paradigm, TTBEs dietary supplementation produced a significant increase in transitions
in young male mice coupled with a positive trend in the speed and distance scores (Figure 8).
Conversely, the oral administration of Tilia extracts did not significantly modify the LD score in female
mice (Figure 9). Interestingly, some of the LD parameters appeared modified by the consumption of
vehicle, confirming a susceptibility of females to ethanol.Nutrients 2020, 12, x FOR PEER REVIEW  14 of 21 
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Figure 8. Light Dark test in young and old male mice: effects 21 days of dietary integration with vehicle,
TTBEs respect to water. Behavioral skills were quantified as (a) time in light (tL), (b) n◦ of transitions
(T), (c) average speed (Av Sp), (d) exploration rate % (RAE) and (e) total distance (D). Data represent
the mean ± S.E.M. (n = 9 (W), 12(Vehi) 12 (TTTBEs) young and (n = 6 (W), 6 (Vehi) 6 (TTTBEs) old mice
analyzed in three different trials. Statistical analysis was performed by applying ANOVA followed by
the Tukey’s multiple comparison test. * p < 0.05 water; § p < 0.05 vs. vehicle.
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Figure 9. Light Dark test in young and old female mice: effects 21 days of dietary integration with
vehicle, TTBEs respect to water. Behavioral skills were quantified as (a) time in light (tL), (b) n◦ of
transitions (T), (c) average speed (Av Sp), (d) exploration rate % (RAE) and (e) total distance (D).
Data represent the mean ± S.E.M. (n = 8 (W), 9 (Vehi) 12 (TTTBEs) young and (n = 6 (W), 9 (Vehi)
9 (TTTBEs) old mice analyzed in three different trials. Statistical analysis was performed by applying
ANOVA followed by the Tukey’s multiple comparison test. * p < 0.05 water.

4. Discussion

Accumulating evidence from animal and human research reinforce the concept of the
microbiome–gut–brain axis. Indeed, microbiome regulates acknowledged functions of the CNS,
the immunity system and behavior in health and disease. Moreover, the diet may modulate gut
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microbiome, altering the nutrient availability [46]. Interestingly, anxiety disorders are common and
complex psychiatric syndromes susceptible to the influence of microbiome signaling [47,48]. This aspect
is extremely important considering the global number of people affected by stress-related disorders.
Curiously, some categories seem to be more susceptible as documented by the literature showing
that aging typically produces an increase in anxiety vulnerability and sedative consumption [49–52].
Furthermore, gender vulnerability seems to emerge in a context of great complexity [53,54]. If this is
not enough, the approved pharmacological treatments cause severe side effects like hallucinations,
addiction, suicide, insomnia, and loss of motor coordination. Therefore, alternative strategies
that combine different approaches are fundamental in line to resolve some of these peculiarities.
Dietary integration with nutraceutical supplements could represent an intriguing plan for improving
the efficacy and the safety of synthetic anxiolytics. At this regard, we decided to investigate an in vivo
oral supplementary protocol with commercial buds extracts of Tilia Tomentosa in rodents combining the
analysis of different behavioral parameters. In details, we studied the role of aging, gender, and nutrients,
alone or in combination, on the stress-related response of C57BJ mice. Our results demonstrated
that 21 days of dietary integration with TTBEs produce anxiolytic effects in mice. This evidence
is in accordance with previous in vitro results describing GABA and benzodiazepine-like actions
evoked by TTBEs [20]. Moreover, our research confirms the anxiolytic properties of active compounds
present in the biological matrix of Tilia Tomentosa [19,55–59]. To be specific, results presented here
demonstrate that active nutrients, extracted from buds and freely administered through the drunk
water, can modify mice behavior with gender and age specificity. Interestingly, our monitoring of
liquid consumption per day revealed that dietary integration with TTBEs are well accepted and all
the animals do not change the hydration rate. Accordingly, the different mice groups displayed a
weight trend in line with the respective water groups. Combined statistical analysis revealed that
male mice seemed more sensitive to the natural supplements modifying both motor and curiosity
score. Interestingly, young mice demonstrated the maximum performance increase both in HB and
LD test. Old male mice reached a significant increase in the number of HD and the %AE but fail to
ameliorate the LD test parameters. These results need further investigations focused, among other
things, on the diverse composition of the gut microbiome [60–62] and the diverse sensitivity for light in
ancient mice [63]. On the other hand, we cannot exclude the possibility that increasing concentrations
of TTBEs or a longer time of supplementation can be effective. However, in line with the nutraceutical
standpoint, we decided to administrate TTBEs at the maximum dilution rate according to our in vitro
results on native brain targets. Accordingly, we do not have performed the gavage to avoid additional
stress stimuli. Interestingly, the analysis of female trends reveals a different sensitivity to TTBEs.
Old females seem to be completely unaffected by dietary supplementation. This evidence reinforces the
idea, based on male results, that aging modifies animal sensitivity to TTBEs. Likewise, young female
reveals low sensitivity to supplements, showing only a positive trend in the HB results. We are aware
that results from rodents may not be equivalent to those in human. Although, TTBEs are commercial
products commonly integrated in the human diet according to the paradigms of traditional medicine.
The generalized lack of efficacy in female mice could be explained in part to the action of vehicle
constituents. Indeed, water and vehicle groups are fundamental controls fixed in our protocol to
elucidate the impact of glycerol and ethanol on mice. Ethanol is a potent modulator of GABAA
receptors, and some studies have convincingly demonstrated the sedative effects both in male and
female rodents [63–65]. The LD score of female groups describes a predictable modulation of behaviors
mediated by vehicle. We observed a common trend for TTBEs and vehicle in two LD parameters
(tL and T) and a different trend in (Av Sp and D). Interestingly, PCA analysis also indicated that vehicle
closely resembles TTBEs in old females. Although not significative, these data support the idea that
low doses of ethanol could modify the LD scores in females. Indeed, females possess enzymatic and
hormonal characteristics enhancing ethanol influence [66–68]. Furthermore, estrogens also interfere
with anxiety and motor performances [69–71]. Future research will be dedicated to correlate the female
response to their hormonal profile.
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On the other hand, we cannot exclude the possibility that bioactive compounds present in TTBEs
produce diverse actions on the basis of the animal peculiarities. Furthermore, we must keep in mind
that TTBEs are a mixture of different active compounds extracted from a vegetal matrix. The efficacy of
these supplements is strictly linked to the presence of standard quality control. In this regard, we also
describe a bioactive compounds quantification of TTBEs nutrients revealing a remarkable presence of
catechins, benzoic acids, and flavonols. Interestingly, many of the substances detected, like quercetin,
ellagic acid, gallic acid, and catechin, are also associated with anxiolytic effects in the literature [72–78]
but a detailed assessment of the bioavailability of these compounds by gender and age in mice is
still lacking.

5. Conclusions

In summary, dietary integration with TTBEs reduce anxiety-related behavior in mice showing
different efficacy depending on the age and gender characteristics and without apparent side effects.
Moreover, our data highlight the importance of limiting ethanol concentration waiting to determinate
the precise mechanism of action. Overall taking into account the results, we described for the first
time the efficacy of TTBEs after oral consumption. Finally, our results support the idea that an
integration of human diet with botanicals could represent an improvement in the therapeutic protocols
of anxiety disorders.
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Appendix A

Table A1. Data matrix M6,8: male mice.

c1 c2 HD_1 %AE_1 %C_1 tL_1 T_1 Av
Sp_1 RAE_1 D_1

YMW Y M 25.90909 56.05949 −17.1947 22.69231 1.980769 4.915 −40.85 1536.75
YMVehi Y M 18.40909 35.68949 −18.6447 12.69231 0.900769 5.015 −29.92 1561.75
YMTTBEs Y M 13.18909 10.99949 −13.1547 2.692308 −2.21923 0.985 −37.67 325.75
OMW O M 26.02294 71.24405 −20.6994 24.66667 0.72 2.865 10.05 1086
OMVehi O M 25.18294 54.57405 −34.5894 44.16667 1.55 2.915 6.58 928
OMTTBEs O M 17.06294 26.79405 −12.3794 36.66667 1.97 0.585 12.25 106

Table A2. Data matrix F6,8: female mice.

c1 c2 HD_1 %AE_1 %C_1 tL_1 T_1 Av
Sp_1 RAE_1 D_1

YFW Y F 25.58667 43.98148 −2.12525 50.125 4.25 1.895 −19 590.5
YFVehi Y F 22.29667 30.09148 1.564749 11.265 1.22 1.355 −18.33 434.5
YFTTBEs Y F 11.66667 24.54148 2.734749 20.555 −1 5.085 −10.1 1588.5
OFW O F 20.68294 38.46405 −0.78936 43.16667 −1.45 2.755 7.25 986

OFVehi O F 14.55294 17.91405 3.120638 65.66667 2.89 2.655 8.25 852
OFTTBEs O F 17.18294 23.09405 5.370638 60.50667 2.62 2.265 9.25 683

http://www.interreg-finnover.com/
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