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Enhanced oral delivery and
bioactivity of EGCG via DNA
nanocarriers
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Herein we describe epigallocatechin gallate (EGCG), a bioactive green tea extract, loading onto DNA
nanostructures [DNA tetrahedron (TDNs) and DNA hydrogel (DH)] for improved bioavailability and
biological activity. TDN-EGCG incorporation was confirmed by circular dichroism (CD), UV spectroscopy
and gel electrophoresis (PAGE). Degradation kinetics of TDN and DH, with and without EGCG were
measured for up to 14 days and quantified by PAGE. TDN-EGCG showed slower degradation than TDN
in human saliva, while both nanostructures remained stable in artificial saliva for up to 48 h. DH-EGCG
showed improved stability compared to the hydrogel alone. Human gingival fibroblasts exposed to
neat-EGCG, TDN-EGCG, TDN, or buffer were analyzed for cell viability, total protein quantification,
and cytokines expression levels. Cell viability and total protein levels did not differ from controls.

The inhibitory effect of TDN and TDN-EGCG on Streptococcus mutans biofilms was also investigated.
TDN-EGCG reduced IL-6, IL-8, and MCP-1 at 6 h and IL-6 and MCP-1 at 24 h timepoints, and inhibited
S. mutans biofilm formation after 6 h. Statistical analyses were performed using one-way ANOVA and
Tukey’s post-hoc test (o=0.05). These findings highlight TDNs as promising EGCG carriers and support
DH-EGCG as a complementary delivery system.
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Epigallocatechin gallate (EGCG), the most abundant and bioactive polyphenol in green tea, is known for its
cytocompatibility and therapeutic properties, including antimicrobial, anti-inflammatory, antioxidant, and
antiproteolytic effects!?. These effects are maintained even when EGCG is covalently bonded to polymers or
incorporated into dental materials'. However, its clinical potential is limited by poor stability in neutral and
alkaline environments, leading to degradation and reduced bioactivity®. Encapsulation into nanoscale carriers
has been proposed to enhance EGCG's stability and therapeutic performance*®. However, there is limited
research on the loading of EGCG into nanostructures and delivery to date.

Chemically, EGCG contains four rings (A, B, C, and D), including three aromatic rings that can interact with
DNA duplexes via terminal base-pair stacking, intercalation, or groove binding®. Based on visual inspection
of representative structures obtained from clustering analysis, Galindo-Murillo R. and Cheatham T.E. (2018)°
suggested that ring A facilitates conformational rearrangement of rings B and D, thereby enhancing non-bonded
interactions with DNA and contributing to stabilization of the overall complex. DNA nanotechnology is a field
where DNA duplexes are used for the construction of biocompatible and stimuli-responsive materials based
on sequence design’. These nanostructures have been shown to improve drug stability and transport, enhance
permeation to the target site, and reduce toxicity and side effects, thereby increasing therapeutic efficacy®. DNA
nanostructures have been shown to enhance drug solubility, systemic circulation, cellular penetration, and
internalization®.

Tetrahedral DNA nanostructures (TDNGs) in particular, assembled from four single DNA strands (Fig. 1a),
have shown great potential for drug delivery. TDNs are flexible, high-capacity carriers capable of penetrating
cells without the need for transfection agents, an especially attractive feature for drug delivery platforms®!!.
Recently, TDNs loaded with EGCG were successfully used for inner ear therapies!'?. In addition to TDNs, DNA
hydrogels (DH), three-dimensional DNA networks embibed with water”, have recently gained attention as drug
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Fig. 1. TDN self-assembly. (a) Schematic representation of four DNA strands assembly into a tetrahedral
shape based on sequence design; (b) 15% denaturing PAGE of strands 1-4 and (c) 8% native PAGE of self-
assembly of strands 1-4 into a TDN.

and cell carriers for therapeutic applications, including bone repair’-'%, osteoarthritis!* and diabetic foot ulcer
treatments'®. Therefore, the EGCG-loaded hydrogels developed herein could show promise in both regenerative
medicine and dentistry.

Herein we aimed to gain a deeper understanding of the loading of EGCG onto DNA nanostructures (i.e.,
TDN and DNA hydrogel), and to characterize their assembly, degradation kinetics, cytocompatibility, cytokine
expression and antimicrobial effects. We hypothesize that EGCG can be loaded onto TDN and DNA hydrogel
without affecting their structure, while enhancing EGCG’s biological activity. Our long-term goal is to develop
EGCG-loaded DNA nanostructures as novel drug delivery systems for oral applications.

Results

Characterization of TDN and TDN-EGCG

DNA strands were purchased from IDT DNA and used without further purification. The purity of DNA strands
was confirmed by 15% denaturing PAGE showing strands as single bands; and the DNA strand assembly into a
tetrahedron was verified by 8% native PAGE (Fig. 1).

Figure 2 showsa schematic and photo representations of TDN loaded with EGCG and its confirmation
through the 8% native PAGE.

The conformational polymorphism of the TDN nanostructure was evaluated by performing circular
dichroism (CD) spectroscopy of the TDN with and without EGCG. Our results confirmed the intact assembly
of modified tetrahedron after EGCG incorporation. CD showed that the intensity of TDN structure changed
after EGCG intercalation, reflecting conformational shifts in the DNA helices consistent with DNA duplex
intercalation. For TDN alone, a strong negative peak at 227-261 nm and a strong positive one at 261-296 nm
were noted. For TDN-EGCG, less pronounced peaks were also observed in the same regions. The entrapment
concentration of EGCG inside the TDN after washing was calculated based on the standard curve obtained
using UV-vis absorption measurements at 274 nm. The average concentration of the loaded EGCG inside the
TDN was calculated to be 134.1 uM (Fig. 3).

TDN and TDN-EGCG were stable in artificial saliva for up to 48 h. In addition, TDN-EGCG exhibited a
slightly superior stability compared to TDN when both were incubated in human saliva (Fig. 4).

The DH-EGCG constructs developed in this study (Fig. 5a), prepared via gradual incorporation of EGCG,
demonstrated good stability in 10% fetal bovine serum (FBS) for up to 14 days (Fig. 5b).
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Fig. 2. Loading EGCG onto TDN. Schematic representation (top) and pictures (bottom) of formulations
containing: (a) TDN alone; (b) TDN-EGCG crude mixture before purification, (c) purified TDN-EGCG after
removal of unbound EGCG and (d) 8% native PAGE of purified TDN-EGCG solution confirming successful

loading and structural integrity.

OH
HO o . OH
a» = 0
OH OH
OH
OH
EGCG
TDN TDN-EGCG
C
y =0.003x + 0.0013
0.40 R? =0.9995
.
0.35
~ 030
[]
=
T 025
g
§ 0.20 - .
'g 0.15
2 o
< 0.10 .
0.05 - .
P
0.00 & ! ' | '
0 20 40 60 80 100 120 140
Wavelength (nm) "
Concentration (uM)

Fig. 3. EGCG incorporation within TDN. (a) Schematic of epigallocatechin gallate (EGCG) loading onto

a tetrahedral DNA nanostructure (TDN). (b) Circular dichroism (CD) spectra of TDN (blue) and TDN-
EGCG (green), indicating structural changes consistent with intercalation between base pairs upon EGCG
incorporation. (c) Quantification of the amount of EGCG loaded onto TDN (green dot) measured by UV-vis
spectroscopy (A=274 nm), after purification.

Biological characterization of TDN and TDN-EGCG

The effect of TDN, TDN-EGCG and neat-EGCG on fibroblasts viability following 6 h and 24 h of treatments
are shown in Figure S1. Cell viability was higher than 100% for both TDN and TDN-EGCG at both time points,
indicating the cytocompatibility of the formulations. In contrast, neat-EGCG reduced cell viability compared
to the other groups, particularly at 24 h (p<0.05). Regarding protein concentration, no statistically significant
differences were observed when TDN or TDN-EGCG were compared with the controls and neat-EGCG after
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Fig. 4. Stability of TDN and TDN-EGCG in artificial and human saliva. 8% native PAGE characterization of
TDN (top) and TDN-EGCG (bottom) degradation in: (a) artificial saliva; and (b) human saliva.
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Fig. 5. EGCG incorporation within DNA hydrogel (DH). (a) Schematic of EGCG loading onto DNA hydrogel.
(b) 15% denaturing PAGE characterization of DH-EGCG degradation in distilled water (top) and in 10% FBS
(bottom), demonstrating the stability of the formulation in different conditions.

6-24 h of treatment (p>0.05), showing that total protein content was not affected by the formulations (Figure
S2). At 6 h, TDN-EGCG reduced IL-6, IL-8, and MCP-1 levels compared to TDN and buffer controls (p <0.05),
and at 24 h, IL-6 and MCP-1 levels were lower for TDN-EGCG than those detected in culture medium (p <0.05)
(Figure S3). Levels of IL-6, IL-8, and MCP-1 were drastically reduced at both time points in cells treated with
neat-EGCG, except for IL-6 at 24 h. Considering the antibiofilm effect, TDN-EGCG inhibited S. mutans biofilms
after 6 h of application (p <0.05) with no difference detected in biofilms after 24 h of treatment (p > 0.05) (Figure
S4).

Discussion

TDN, a three-dimensional tetrahedral frame structure formed by hybridization of four DNA strands'®, has
been proposed as a promising drug carrier due to its high stability, biocompatibility, functional modification
sites, suitability for different drugs and excellent cellular uptake rates'!”. TDN has been previously investigated
as a drug carrier for cancer therapy'®, osteoarthritis!” and hearing loss!2, but not for oral applications. As
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hypothesized, EGCG was successfully incorporated into TDN and hydrogel, and our results indicate that
this formulation has the potential to enhance its bioavailability and biological activity. Native PAGE analysis
demonstrated that EGCG loading did not affect the hybridization of DNA strands into the TDN, in agreement
with a previous study'2.

In circular dichroism results, a notable decrease in the TDN absorption peak upon the addition of EGCG
indicated the intercalation of EGCG into double-stranded DNA (dsDNA) of TDNs. Similar findings have been
reported regarding the interaction of flavonoids and quinones with DNA duplexes!?!°, suggesting the potential
for incorporating compounds with analogous structures into DNA nanostructures. Computational studies
demonstrated that EGCG can interact with DNA through a combination of intercalation and groove binding
modes, stabilized by hydrogen bonding and stacking interactions with nucleobases®. These findings support the
notion that EGCG-DNA binding is multifactorial. Collectively, these interactions may play a key role in both the
binding affinity of EGCG to DNA nanostructures and the enhanced structural stability observed in the present
system. The entrapment concentration of EGCG was calculated based on the standard curve obtained using UV-
vis absorption measurements at 274 nm. The averaged concentration of the intercalated EGCG was 134.1 uM,
corresponding to ~ 43 EGCG molecules per TDN.

TDN-EGCG exhibited superior stability compared to TDN when both were incubated in human saliva.
The slower degradation rates of TDN-EGCG indicate that the incorporation of EGCG into TDN may enhance
its resistance to degradation in biological environments. It is known that the strong binding affinity of EGCG
to DNA can suppress the activity of several enzymes, such as nucleases, collagenases and hyaluronidases, by
blocking their active sites protecting DNA from in vivo serum protease-mediated degradation®. Although
artificial saliva was used to assess the stability of the nanocarriers, as it provides controlled and reproducible
conditions, human saliva represents the most realistic environment for oral applications due to its complex
composition and variability. In the present study, both TDN and TDN-EGCG exhibited stability in artificial
saliva for up to 48 h. However, in human saliva, stability was observed for up to 12 h, which is still a promising
indicator of resistance under natural oral conditions. These results suggest that the nanocarriers can withstand
adverse conditions in the oral cavity for a significant period. The maintenance of nanostructure integrity in
artificial and human saliva highlights the potential of TDNs for controlled-release formulations and other oral
delivery systems.

Biocompatibility is a crucial property for any compound recommended for oral applications. In the present
study, both TDN and TDN-EGCG did not affect the cell viability of fibroblasts exposed to those formulations
after 6 and 24 h, with viability higher than 100% at both time points. In previous studies, TDNs exhibited
cytocompatibility and stimulated cell metabolism in various cell lines, such as mouse L929 fibroblasts, human
corneal epithelial cells, and chondrocytes, among others??2. EGCG has also been previously evaluated in
fibroblasts and shown cytocompatibility at concentrations lower than 1 mg/mL?**-2%, much higher than that
evaluated in the present study (~ 130 pM, 60 pg/mL).

Considering the levels of cytokines, our results indicate that TDN-EGCG was able to release EGCG and
reduce the presence of pro-inflammatory markers. It is relevant to mention that cells were not previously exposed
to any inflammatory molecules, such as lipopolysaccharides that can trigger the production of pro-inflammatory
cytokines and chemokines, reactive oxygen-species or nitric oxide?®. Further, while TDN was considered
cytocompatible, it stimulated minimal inflammatory response that was attenuated by the presence of EGCG. In
this study, neat-EGCG (250 uM) markedly reduced or even suppressed cytokine production at most of the time
points evaluated, suggesting that high concentrations of EGCG could cause global transcriptional inhibition,
thereby impairing the immune response. This observation is consistent with previous reports indicating that
higher levels (> 150 uM) of EGCG are associated with cytotoxicity and broad inhibition of cellular transcription,
raising concerns regarding its physiological relevance and clinical translatability?”-%°. In contrast, when delivered
via TDN, the effective EGCG concentration was approximately 130 uM, resulting in a more moderate reduction
in cytokine production, suggesting a more controlled immunomodulatory effect.

In another study, contrary to our findings, however, in the presence of LPS, TDN reduced the expression of
IL-1P (interleukin-1p), IL-6, and TNF-a (tumor necrosis factor-a) in LPS-induced RAW264.7 macrophage cells
by inhibiting MAPK phosphorylation®. In a previous study, human mast cells (HMC-1) were stimulated with
phorbol 12-myristate 13-acetate (PMA) plus calcium ionophore (A23187) and treated with EGCG at 100 puM.
EGCG inhibited TNF-a, IL-6 and IL-8 expression and production as analyzed by ELISA and Western-blot. The
authors suggested that EGCG can be helpful in regulating inflammatory response’!. In a tri-dimensional co-
culture model of fibroblast and epithelial cells, EGCG reduced the secretion of various cytokines, including IL-6,
IL-8, and had no effect on MCP-1 secretion?2. EGCG was the most effective catechin at inhibiting IL-6 and IL-8
production by 59% and 57% in rheumatoid arthritis synovial fibroblasts, respectively®*.

Considering the antibiofilm effect, TDN-EGCG inhibited S. mutans biofilm growth after 6 h of application
but had no significant effect after 24 h. The greater efficacy at 6 h may be attributed to the stronger initial action
of TDN-EGCG, when the biofilm is in an early, more susceptible stage, characterized by a thinner, less extensive
extracellular matrix and lower bacterial density*. Notably, neat-EGCG, although at a higher concentration
(250 uM) than that released from TDN EGCG (around 130 uM), did not reduce S. mutans counts in biofilms
compared to the control. Previous studies have reported that EGCG inhibits S. mutans biofilms at much higher
concentrations (above 500 pg/mL, 1 M)33:36, Additionally, DNA-based nanomaterials, such as TDN, have
demonstrated enhanced biofilm penetration and retention, enabling a sustained local release of antimicrobial
agents and promoting their accumulation within the biofilm over time. In a 24 h in vitro model of multidrug-
resistant Acinetobacter baumannii biofilms, polymyxin B-loaded TDN increased biofilm permeability by
approximately 6-fold relative to free polymyxin B, resulting in enhanced biofilm disruption and a significant
reduction in bacterial density after 3 h of treatment?®.
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Previous studies have shown that topical EGCG treatment impaired S. mutans biofilm initial growth and
maturation, reducing the synthesis of biofilm matrix components and altering the biofilm matrix structure,
organization, and distribution*»?>*°. A molecular docking study showed that EGCG potentially binds to the .
mutans glucan sucrase and inhibits its enzymatic activity, attenuating biofilm formation potential of S. mutans
on the tooth surfaces?. It is important to point out that the EGCG concentrations used in those studies were
between 0.125 and 4 mg/mL, much higher than the concentration of EGCG release from TDN-EGCG (~ 130
uM, 60 pg/mL). This is the first study evaluating the inhibitory effect of TDN-EGCG on oral biofilms. The
effect of EGCG-loaded nanoparticles against S. mutans biofilm was reported in previous studies**!. In chitosan
nanoparticles, EGCG had no effect on microbial viability; however, the EGCG-nanoformulations disassembled
the biofilm matrix?. EGCG-encapsulated nanohydroxyapatite/mesoporous silica nanoparticles showed lower
cellular metabolic activity and fewer bacterial colonies in S. mutans biofilms compared to the control group*!.

Lastly, we performed a pilot experiment with DNA hydrogels as EGCG carriers. DHs offer several advantages,
including tunable mechanical properties?>*3. Various strategies have been developed to synthesize DHs for
biomedical applications, such as biosensing, drug delivery, tissue engineering, and cell culture**. In this context,
the DH-EGCG constructs developed in this study demonstrated good stability in 10% FBS for up to 14 days.
While we did not experimentally evaluate the DH without EGCG in the current study, our results suggest slower
degradation (~ 14 d) compared to previously published data by our lab” of DH only (~ 7 d). These findings
highlight the potential of EGCG incorporation to enhance the structural stability of DNA hydrogels under
physiological conditions.

Some limitations of the study should be addressed. This study evaluated a limited number of cytokines,
and anti-inflammatory cytokines could be included in future studies to analyze if TDN-EGCG affects other
inflammatory markers. Other microorganisms such as Lactobacillus, Actinomyces and Candida albicans should
also be tested in subsequent studies. Moreover, future investigations involving TDN-EGCG and DH-EGCG, are
being planned to evaluate their antimicrobial activity, cytocompatibility, and efficacy.

In summary, TDN is a promising EGCG delivery carrier due to its stability in artificial saliva, low degradation,
and cytocompatibility. TDN also promoted efficient in vitro release of EGCG, thereby contributing to reduced
cytokine expression and bacterial biofilm formation. DNA hydrogels loaded with EGCG showed the same
slower degradation pattern as TDN-EGCG, highlighting its potential as a complementary drug delivery system.

Materials and methods

TDN and DH assembly and EGCG incorporation

TDN (1 pM) was assembled as previously described®>. EGCG was incorporated by slowly adding 20 pL of 10
mM EGCG on a shaker at room temperature. Excess EGCG was removed using a Sephadex G-25 column.
Final [EGCG] was determined by UV-vis measurements at 274 nm using a Cytation 3 Plate Reader Model
CYT3ME (BioTek, Winooski, VT, USA). Proper assembly and EGCG incorporation were determined by circular
dichroism (CD) and polyacrylamide gel electrophoresis (PAGE). CD spectra were acquired at room temperature
using a J-1500 Spectrophotometer (Jasco, Tokyo, Japan). TDN-EGCG interaction experiments were recorded in
the range 350 —-200 nm, averaged 3 scans and 1 nm bandwidth. Denaturing PAGE was run at 15 mA and 300 V
for 1.5 h, after which the gel was stained with GelGreen' (Biotium). Gel imaging was performed using a Gene
Genius Bioimaging System (Syngene). Quantification of the gel panels was performed using Image] software
(version 2.14.0/1.54f). DH was assembled as previously described’. EGCG was incorporated by slowly adding
50 pL of 1 mM of EGCG solution. Successful assembly was characterized by PAGE.

Human saliva collection and purification

This study was approved by the University of Toronto Research Ethics Board (REB) under Protocol #00048090.
All participants provided verbal and written informed consent prior to sample collection. All methods were
carried out in accordance with relevant guidelines and regulations. We recruited 21 healthy participants from the
University of Toronto Faculty of Dentistry (124 Edward Street, Toronto): 9 males (26-35 years) and 12 females
(23-36 years). The exclusion criteria included intake of any drugs/medicines, existence of any oral disease,
autoimmune, infectious, musculoskeletal or malignant disease, and recent operation or trauma. Participants also
had to be free of fever and/or cold, non-smokers and had good oral hygiene. Participants were instructed to not
have brushed teeth for at least two hours before collection, and to remain at least one hour without consuming
food and drinks. Unstimulated saliva was collected for 15 min from each volunteer in Falcon tubes, for a total
volume of approximately 7.5 mL. Saliva samples from all 21 volunteers were then combined and frozen in 15
mL tubes. While pooling may limit assessment of individual differences, it is suitable for evaluating biological
trends for this in vitro study. Pooling ensures that the sample represents an average biological response across all
volunteers, and therefore reducing individual variability. The 15-minute collection period follows widely used
protocols for unstimulated saliva, ensuring sufficient sample volume and stable salivary flow. When the saliva
was needed for an experiment, it was thawed to room temperature, vortexed, and then centrifuged at 10,000 g
for 10 min to remove all debris. The supernatant from each sample was collected and used for experiments. This
protocol has been previously described in the literature?®->C.

Degradation kinetics measurements

TDN and DH with and without EGCG were incubated at 37° C for up to 14 days in water (control), 10% fetal
bovine serum (FBS), human saliva or artificial saliva®!. Samples were placed in -20°C at specific timepoints until
PAGE characterization. For the TDN with and without EGCG, the PAGE was run as previously described. In the
case of DH with and without EGCG, native PAGE was run at 15 mA and 80 V for 16 h.
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Cell viability, total protein quantification and cytokine expression

Human gingival fibroblasts (early-passage cells freshly thawed from liquid nitrogen) were maintained in
Dulbeccos Modified Eagle’s medium (DMEM; with high glucose, L-glutamine, and sodium pyruvate)
supplemented with 10% fetal bovine serum (Gibco, Grand Island, NY, USA), with 100 IU/mL of penicillin, 100
mg/mL of streptomycin and 0.25 mg/mL of fungizone (Gibco). Cells were subcultured every 48 h and allowed to
grow in a humidified incubator at 37°C with 5% CO, (Isotemp; Fisher Scientific, Pittsburgh, PA, USA). After 48
h of growth in DMEM, fibroblasts were seeded in DMEM in a 96-well plate at 2 x 105 cells/well and incubated
for 24 h. Then, the cells (n = 9) were exposed to the formulations TDN, TDN-EGCG, neat-EGCG (250 uM) or
buffer solution (negative control) for 6 h and 24 h at 37°C. Supernatants were collected for cytokine analysis
using the Bio-Plex Pro™ Human Cytokine 27-plex Assay (Bio-Rad Laboratories Inc., Hercules, CA, USA).
Cells were stained with Alamar blue assay (Thermo-Fisher Scientific) and after 3 h, supernatants were read in a
spectrometer at 550 and 600 nm (Cytation 3, Bio-Tek, Bio-Tek, Winooski, VT). The percentage of cell viability
was determined relative to the control (DMEM culture medium, 100% cell viability)>2. After scraping, cell lysis
was conducted using 1x RIPA Buffer (Cell Signaling Technologies, MA, USA), centrifugation at 13,000 rpm for
10 min and supernatants were analyzed by Pierce Bicinchoninic acid (BCA) assay (Thermo Scientific #23225,
Waltham, MA) and read in a spectrophotometer at 562 nm for total protein quantification®*,

Antimicrobial activity

The assays were conducted as previously described?. Colonies of S. mutans (ATCC 25125) previously grown
in Mitis Agar Salivarius (Difco Laboratories) containing 0.2 U/mL bacitracin were inoculated in Brain Heart
Infusion (BHI) broth and incubated for 24 h at 37°C in 5% CO, atmosphere. The resultant cultures were adjusted
to the optical density 0.5 (Absorbance 550 nm), diluted 1000x and centrifuged and inoculated in BHI broth
supplemented with 0.5% sucrose (approximately 1-5 x 10° CFU/mL). For biofilm formation, a pretreatment
with 200 uL/well of artificial saliva (composition: 800 mL of deionized water, 1.6 g of yeast extract, 4 g of peptone,
0.28 g of NaCl, 1.6 g of glucose or 3.2 g of sucrose, 0.16 g of CaCl,, 0.16 g of KCl and 0.8 g of mucin) was applied
in U-shaped bottom 96-well microplates for 4 h at 37°C. Afterwards, saliva was aspirated and 200 pL of S. mutans
culture was inoculated in each well and incubated for 24 h. After that, 100 uL of the compounds (TDN, TDN-
EGCG, neat-EGCG (250 uM) and buffer as negative control) or culture media (positive control) were applied to
biofilms for 6 h and 24 h. Then, the treatments were removed and 100 pL of 0.9% NaCl solution were added to
each well for further dilution, plated in BHI agar, and incubated for 48 h. After this period, the colony forming
units/mL (CFU/mL) were determined and values transformed in log,, (CFU/mL).

Statistical analysis

SPSS 19.0 software (SPSS Inc., Chicago, IL, USA) was used. Data were expressed in means + standard deviations
unless otherwise stated. Normality and homogeneity of variance were assessed using Shapiro-Wilk and Levene
tests, respectively. Data were then analyzed using one-way ANOVA followed by Tukey post-hoc tests (a=0.05).

Data availability
The datasets produced and evaluated in the present work are available from the corresponding author upon
reasonable request.
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