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2. Materials and Methods 

2.1 Preparation of ABGE 
ABG cloves were supplied as dried material by il Grappolo S.r.l. (Soliera, 

Modena, Italy). 10 g of garlic cloves were crushed with a utility garlic crusher by 
hand, and the juice and debris of the garlic were collected in a centrifuge tube 
by pouring 10 mL of water onto the crusher.  

After having been shaken 10 times, the tube was placed in a Trans-sonic 
T460 ultrasonic bath supplied by Elma (Singen, Germany) for 15 min at room 
temperature and then centrifuged twice at 4000 rpm for 10 min each time [1-2]. 
The supernatant was filtered, until chemical analyses were performed.  

2.2 Total polyphenol content of ABGE 
Total polyphenol content was determined according to the Folin-Ciocalteu 

method, as described in Savini et al. [3] (2017) with some modifications. Briefly, 
in a 50 ml volumetric flask, 1 ml of extract was added to 0.5 ml of Folin-Ciocalteu 
reagent 2 N (Sigma-Aldrich, St. Louis, MO), 2 ml of sodium carbonate (Sigma-
Aldrich, St. Louis, MO) 15% w/v solution, and made up to volume with water. 
The reaction mixture was allowed to stand for 2 hours before the absorbance at 
765 nm was measured against a blank of reagents and solvents. A set of working 
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solutions (50, 100, 300, 500, and 700 ppm) of gallic acid (Sigma-Aldrich, Milan, 
Italy) was used for the calibration curve. The total amount of the phenolic 
compounds was expressed as milligrams of gallic acid equivalents (GAE) per 
gram of dry weight.     

                          2.3 HPLC-DAD-MS analysis of phenolic compounds 
The extract was analyzed for phenol quantitative determination using a 

reversed-phase HPLC-DAD-MS in gradient elution mode [4]. The separation 
was conducted within 60 min of the chromatographic run, starting from the 
following separation conditions: 97 % water with 0.1 % formic acid, 3 % 
methanol with 0.1 % formic acid. The separation was performed on an Infinity 
lab Poroshell 120-SB reverse phase column (C18, 150 × 4.6 mm i.d., 2.7 μm; 
Agilent, Santa Clara, CA, USA). Column temperature was set at 30 °C. 
Quantitative determination of phenolic compounds was performed via a DAD 
detector. Quantification was done through 7-point calibration curves, with 
linearity coefficients (R2) > 0.999, in the concentration range 2–140 μg/mL. All 
standards were purchased from Sigma Aldrich (Milan, Italy), and have a purity 
≥ 95 %. The limits of detection were lower than 1 μg/mL for all assayed analytes. 
The area under the curve from HPLC chromatograms was used to quantify the 
analyte concentrations in the extract. The extracts were also qualitatively 
analyzed using an expression compact mass spectrometer (Advion, Ithaca, NY, 
USA) in negative and positive ion mode (m/z scan mode: 100–1200) [4]. MS 
signal identification was realized through comparison with a standard solution 
and MS spectra present in the MassBankEurope database. The details of the 
analysis are reported in supplementary materials (Tables S1-S2).   

 
 

 

Table S1. Gradient Elution Conditions 

 

 

 

 

 

 

 

 

 

 

 

 

Table S2. MS analysis conditions 

Ion Source Parameters (APCI Positive):  
Capillary Temperature = 250 °C  

TIME (Min.) COMPOSITION A% 
(Water+Formic acid 
0.1%) 

COMPOSITION B% 
(Methanol+Formic 
acid 0.1%) 

FLOW 
(mL/min) 

1.00 97.0 3.0 0.600 
5.00 77.0 23.0 0.600 
12.00 73.0 27.0 0.600 
18.00 57.0 43.0 0.600 
25.00 52.0 48.0 0.600 
32.00 50.0 50.0 0.600 
34.00 50.0 50.0 0.600 
37.00 35.0 65.0 0.600 
40.00 5.0 95.0 0.600 
47.00 5.0 95.0 0.600 
48.00 97.0 3.0 0.600 
60.00 97.0 3.0 0.600 



Capillary Voltage = 140 V  
Source Voltage Offset = 30 V  
Source Voltage Span = 10 V  
APCI Source:  
Source Gas Temperature = 250 °C  
Transfer Line Temperature = 100 °C  
APCI Corona Discharge = 3 μA  
Tune Parameters Voltages:  
Extraction Electrode = 9  
Hexapole Bias = 8  
Hexapole RF Offset = 5  
Hexapole RF Span = 150  
Ion Energy Offset = -1.2  
Ion Energy Span = -0.4  
Resolution Offset= -0.02  
Resolution Span = -1.7  
Detector gain = 1200 

2.4 Toxicological and pharmacological studies 
2.4.1. Cell line 

H9c2 cells (rat cardiomyoblasts, ATTC, USA) were maintained in DMEM 
(Sigma-Aldrich, USA) supplemented with 10% fetal bovine serum (FBS), 1% of 
100 unit/ml penicillin and 100 mg/mL streptomycin (Sigma-Aldrich, USA) in T75 
red cap tissue culture flasks, at 37 °C in a humidified atmosphere of 5% CO2. 
2.4.2. Cell viability assay 

Cell viability was evaluated by MTT assay [3-(4,5-dimethyl-2-thiazolyl)-2,5-
diphenyl-2H-tetrazolium bromide] (Sigma, St. Louis, MO, USA) as previously 
described [5].  Briefly, H9c2 cell line was seeded in 96-well plates (5x103 
cells/well) and it was pretreated with 10 μg/ml LPS for 24 hours. Subsequently, 
both LPS-pretreated and not LPS-pretreated H9c2 cells were exposed to ABGE 
at various concentrations (1-100 μg/ml), or with vehicle (control) for a further 48 
hours. Then, on the basis of results, we performed a second set of experiments 
to evaluate the effects induced by the Formulation [ABGE (100 μg/ml) + Vitamin 
B12 (1 μg/ml) + Vitamin C (10 μg/ml) + Vitamin D (1 μg/ml)] and the vitamins 
alone [Vitamin B12 (1 μg/ml), Vitamin C (10 μg/ml) and vitamin D (1μg/ml)] on 
H9c2 cell viability in both LPS- and not LPS-pretreatment.  
    After treatment, the MTT solution was added to each well and incubated at 37 
°C for at least 3 hours, until purple formazan crystals were formed. In order to 
dissolve the precipitate, the culture medium was replaced with dimethyl 
sulfoxide (DMSO, Euroclone). Absorbance of each well was quantified at 540 
and 690 nm, using a Synergy H1 microplate reader (BioTek Instruments Inc., 
Winooski, VT, USA) [5]. 
2.4.3. Ex vivo studies 

Adult C57/BL6 male mice (3-month-old, weight 20–25 g) were housed in 
Plexiglas cages (2–4 animals per cage; 55 cm x 33 cm x 19 cm) and maintained 
under standard laboratory conditions (21 ± 2 °C; 55 ± 5% humidity) on a 14/10 h 
light/dark cycle, with ad libitum access to water and food. Housing conditions 
and experimentation procedures were strictly in agreement with the European 
Community ethical regulations (EU Directive no. 26/2014) on the care of animals 
for scientific research. In agreement with the recognized principles of 
“Replacement, Refinement and Reduction in Animals in Research”, heart 
specimens were obtained as residual material from vehicle-treated mice 
randomized in our previous experiments, approved by local ethical committee 



(‘G. d’Annunzio’ University, Chieti, Italy) and Italian Health Ministry (Project 
no. 885/2018-PR). 

After collection, isolated heart specimens were maintained in a humidified 
incubator with 5% CO2 at 37 °C for 4 h (incubation period), in RPMI buffer with 
added bacterial LPS (10 μg/mL), as previously described [6-7]. During the 
incubation period, the tissues were challenged with scalar concentrations of 
ABGE (1μg/ml, 10 μg/ml, 100 μg/ml), the Formulation [ABGE (10 μg/ml) + 
Vitamin B12 (1 μg/ml) + Vitamin C (10 μg/ml) + Vitamin D (1 μg/ml)] and the 
vitamins alone [Vitamin B12 (1 μg/ml), Vitamin C (10 μg/ml) and vitamin D 
(1μg/ml)].   

Total RNA was extracted from the heart specimens using TRI Reagent 
(Sigma–Aldrich, St. Louis, MO, USA), according to the manufacturer’s protocol. 
Contaminating DNA was removed using 2 units of RNase-free DNase 1 (DNA-
free kit, Ambion, Austin, TX, USA). The RNA concentration was quantified at 
260 nm by spectrophotometer reading (BioPhotometer, Eppendorf, Hamburg, 
Germany) and its purity was assessed by the ratio at 260 and 280 nm readings. 
The quality of the extracted RNA samples was also determined by 
electrophoresis through agarose gels and staining with ethidium bromide, 
under UV light. One microgram of total RNA extracted from each sample in a 
20 μL reaction volume was reverse transcribed using High Capacity cDNA 
Reverse Transcription Kit (Thermo Fisher Scientific Inc., Monza, Italy). Reactions 
were incubated in a 2720 Thermal Cycler (Thermo Fisher Scientific Inc., Monza, 
Italy) initially at 25 °C for 10 min, then at 37 °C for 120 min, and finally at 85 °C 
for 5 s. Gene expression of COX-2, IL-6, NF-kB, TNF-α and iNOS was 
determined by quantitative real-time PCR using TaqMan probe-based 
chemistry, as previously described [8]. PCR primers and TaqMan probes, 
including β-actin used as the housekeeping gene, were purchased from Thermo 
Fisher Scientific Inc. (Assays-on-Demand Gene Expression Products, 
Mm00478374_m1 for COX-2 gene, Mm00443258_m1 for TNF-α gene, 
Mm00446190_m1 for IL-6 gene, Mm00476361_m1 for NF-kB gene, 
Mm00440502_m1 for iNOS gene, Mm00607939_s1 for β-actin gene). The real-
time PCR was carried out in triplicate for each cDNA sample in relation to each 
of the investigated genes. Data were elaborated with the Sequence Detection 
System (SDS) software version 2.3 (Thermo Fisher Scientific Inc.). Gene 
expression was relatively quantified by the comparative 2−∆∆Ct method method 
[9]. 
2.4.4. Cell line 

HASMCs were cultured in Medium 231 (Life technologies) supplemented 
with Smooth Muscle Growth Supplement (SMGS, Life Technologies) and 1% of 
100 units/ml penicillin and 100 mg/ml streptomycin (Sigma Aldrich) in tissue 
culture flasks at 37 °C in a humidified atmosphere and 5% CO2. HASMCs were 
cultured up to about 90% confluence and 24 h before the experiment cells were 
seeded onto a 96-well black plate, clear bottom pre-coated with gelatin 1% (from 
porcine skin, Sigma Aldrich), at density of 72 × 103 per well for the evaluation of 
the membrane hyperpolarizing effects, at density of 30 × 103 per well for the 
evaluation of H2S release. Cells were split 1:2 twice a week and used until 
passage 18. 
2.4.5. Evaluation of H2S release on HASMCs 

After 24 h to allow cell attachment, the medium was replaced and cells were 
incubated for 30 min in the buffer standard (HEPES 20 mM, NaCl 120 mM, KCl 
2 mM, CaCl2·2H2O 2 mM, MgCl2·6H2O 1 mM, Glucose 5 mM, pH 7.4, at room 
temperature) containing the fluorescent dye WSP-1 (Washington State Probe-1, 
3’-methoxy-3-oxo-3H-spiro(isobenzofuran-1,9’-xanthen)-6’yl2(pyridin-2-
yldisulfanyl) benzoate, Cayman Chemical) at the concentration of 100 μM [10]. 



Then the supernatant was removed and replaced with a solution of the ABGE 
(1μg/ml, 10 μg/ml, 100 μg/ml), or the Formulation 10 μg/ml, or DADS 300 μM 
(used as reference drugs as well-known H2S-donor), all dissolved in buffer 
standard containing dimethylsulfoxide (DMSO) 0,1% (vehicle). When WSP-1 
reacts with H2S, it releases a fluorophore detectable with a spectrofluorometer at 
excitation and emission wavelengths of 465-515 nm [11]. The increasing of 
fluorescence (expressed as fluorescence index=FI) was monitored for 60 min, 
using a spectrofluorometer (EnSpire, Perkin Elmer). The obtained curves were 
analyzed to obtain the area under the curve (AUC). 
2.4.6. Evaluation of the membrane hyperpolarizing effects on HASMCs  

After 24 h to allow cell attachment, the medium was replaced and cells were 
incubated for 1 h in the buffer standard (HEPES 20 mM, NaCl 120 mM, KCl 2 
mM, CaCl2·2H2O 2 mM, MgCl2·6H2O 1 mM, Glucose 5 mM, pH 7.4, at room 
temperature) containing the bisoxonol dye bis-(1,3-dibutylbarbituric acid) 
DiBac4(3) (Sigma Aldrich) 2.5 μM [12]. This membrane potential-sensitive dye 
DiBac4(3) measures the cell membrane potential, shuffling between cellular and 
extracellular fluids in a membrane potential-dependent manner (following the 
Nernst laws). In particular, an increase of fluorescence, corresponding to an 
inward flow of the dye, reflects a membrane depolarization; in contrast, a 
decrease in fluorescence, due to an outward flow of the dye, is linked to 
membrane hyperpolarization. The spectrofluorometric recording is carried out 
at excitation and emission wavelengths of 488 and 520 nm, respectively 
(Multiwells reader, Enspire, PerkinElmer). NS1619 (Sigma-Aldrich) 10 μM, a 
BKCa channel opener, was used as reference drug. The ABGE (1-100 μg/ml), or 
the Formulation and the vitamins alone (Vitamin B12 1 μg/ml, Vitamin C 10 
μg/ml and Vitamin D 1μg/ml) were added to the cells, and the trends of 
fluorescence was followed for 35 min. The relative fluorescence decrease, linked 
to hyperpolarizing effects, was recorded every 2.5 min and was calculated as 
(Ft−F0)/F0 where F0 is the basal fluorescence before the addition of the tested 
compounds, and Ft is the fluorescence at time t after their administration. 
Moreover, the mean of the hyperpolarizing effect was calculated. Data are 
expressed as a % of the hyperpolarizing effects induced by NS1619 10 μM. Six 
different experiments (n = 6) were performed. 

                            2.5 Statistical analysis 
The software GraphPad Prism version 6.0 (Graphpad Software Inc., San 

Diego, CA, USA) was used to perform analysis of the data. Means ± SEM were 
determined for each experimental group and analyzed by one-way analysis of 
variance (ANOVA), followed by Newman-Keuls multiple comparison post hoc 
test and by Bonferroni post hoc test. The limit of statistically significant 
differences between mean values was set at p-value < 0.05. The number of 
animals randomized for each experimental group was calculated on the basis of 
the “Resource Equation” N = (E + T)/T (10 ≤ E ≤ 20) [13]. The Tukey-Kramer’s 
Honest Significant Difference (HSD) test was used to compare the mean 
polyphenol contents of the extracts. The level of significance was set to 0.05. 
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