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Abstract: Helicobacter pylori (H. pylori) is one of the major human pathogens and the main cause of
pathological damages that can progress from chronic gastritis to gastric cancer. During the coloniza-
tion of gastric mucosa, this bacterium provokes a strong inflammatory response and subsequent
oxidative process, which are associated with tissue damage. Therefore, the objective of this research
was to evaluate the ability of two olive-leaf extracts (E1 and E2) to modulate the inflammatory
response and oxidative stress in H. pylori-infected human gastric AGS cells. The obtained results
showed that both extracts significantly decreased interleukin-8 (IL-8) secretion and reactive oxygen
species (ROS) production in human gastric AGS cells. Both extracts also showed antibacterial ac-
tivity against different H. pylori strains. HPLC-PAD-MS characterization demonstrated that extract
E1 was mainly composed of highly hydrophilic compounds, such as hydroxytyrosol (HT) and its
glucosides, and it was the most effective extract as an antibacterial agent. In contrast, extract E2
was composed mostly of moderately hydrophilic compounds, such as oleuropein (OLE), and it
was more effective than extract E1 as an anti-inflammatory agent. Both extracts exhibited similar
potential to decrease ROS production. These results show the importance of standardizing the extract
composition according to the bioactive properties that should be potentiated.

Keywords: olive-leaf extract; Helicobacter pylori; antioxidant activity; anti-inflammatory activity;
HPLC-PAD-MS characterization; hydroxytyrosol; oleuropein; antibacterial activity

1. Introduction

The growing of olive tree (Olea europaea L.) for production of olive oil and table olives is
a widely established practice in the Mediterranean countries, where Spain is a main world
producer. However, olive tree cultivation and olive oil processing generate large amounts
of residues and byproducts, including olive mill wastewaters, olive pomaces, and olive
leaves, which represents an important environmental problem when they are not processed
correctly, due mainly to their high organic content and phytotoxicity [1,2]. However, these
byproducts still contain high amounts of bioactive compounds that should be considered as
potential low-cost sources of antioxidants and carbohydrates [1,3]. Therefore, valorization
of these byproducts for their recovery and/or biotransformation is an alternative that
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could change the current treatment and disposal of these byproducts into products of high
added value.

In this regard, the olive leaves (mixture of leaves and branches) are the largest byprod-
uct obtained during olive tree pruning, and olive harvesting and cleaning [4]. The amount
of olive leaves accumulated annually in this way may exceed 1 million tons [2].

The leaves of olive trees have been widely used as a folk medicine for many centuries.
Nowadays, there is an increasing interest in the scientific community and in different
industrial sectors (food supplements, cosmetic, and pharmaceutical industries) for their
health benefits related to the presence of a huge diversity of secondary olive metabolites,
such as phenolic and secoiridoid compounds [5,6]. The secondary metabolite composition
varies depending on several factors, such as olive tree variety, growing, climatic and storage
conditions, etc. Among them, the most abundant phenolic compounds are oleuropein
(OLE) and hydroxytyrosol (HT) [7,8]. Other relevant compounds present in olive leaves
are some secoiridoids (elenolic and demethyl elenolic acids and their glycosidic forms);
flavones (luteolin, luteolin-7-glucoside, apigenin-7-glucoside, diosmetin, and diosmetin-7-
glucoside); flavonols (rutin and kaempferol); flavan-3-ols (catechin), and phenolic acids
(tyrosol, caffeic acid, chlorogenic acid, cinnamic acid, and vanillic acid) [1].

It is considered that olive leaves possess the highest antioxidant and anti-inflammatory
activity amongst the different parts of the olive tree due to their high content in bioactive
phenolic compounds [6,9]. These relevant properties may be due to their ability to chelate
metal ions that catalyze free radical generation reactions [10], as well as their ability to
inhibit many inflammatory enzymes, such as lipoxygenases [11]. Moreover, it has been
observed that olive-leaf extracts are able to attenuate gastric and intestinal inflammation,
and this positive effect has been associated with a modulation of the altered immune
response due to its antioxidant capacity [12-14].

HT and OLE have been intensively studied for their contribution to the antioxidant
and anti-inflammatory properties of olive-leaf extracts. HT has been associated with a
strong antioxidant activity for its ability to act as a free-radical scavenger and metal-chelator,
also increasing the endogenous defense systems against oxidative stress, by activating
different cellular signaling pathways related to the attenuation of several proinflammatory
interleukins [15,16]. OLE has also exhibited anti-inflammatory and antioxidant effects,
both in vitro and in vivo, at low concentrations. These interesting pharmacological effects
are mainly attributed to its ability to scavenge the reactive oxygen species (ROS) and to
inhibit the proinflammatory neutrophil functions [9,17,18]. Moreover, antibacterial activity
against Gram-positive and Gram-negative bacteria has been reported for olive leaves, and
these results have been correlated with the presence of phenolic compounds, such as OLE
and HT [19,20].

Helicobacter pylori (H. pylori) is formally recognized as a bacterial carcinogen [21], and
is one of the most successful human pathogens, as over half of the world’s population is
colonized with this Gram-negative bacterium [22]. H. pylori infection can cause various
gastrointestinal diseases, ranging from chronic active gastritis without clinical symptoms
to peptic ulceration, gastric adenocarcinoma, and gastric mucosa-associated lymphoid
tissue lymphoma, and other extragastric pathologies [23]. Moreover, unless eradication
therapy is implemented, the infection may persist for life. The chronic active gastritis is
related to persistent colonization of the gastric mucosa by H. pylori, and most other severe
gastric disorders are the consequence of a chronic mucosal inflammatory process mediated
by activation of neutrophils and macrophages triggering the secretion of proinflammatory
cytokines and chemokines, mainly interleukin-8 (IL-8) [24,25]. Activation of these inflam-
matory cells (neutrophils and macrophages) also provides an increase of ROS generation
at the site of inflammation. This process results in cell dysfunction and tissue injury in
the absence of antioxidants, and eventually can lead to oxidative DNA damage activat-
ing signaling pathways implicated in the pathogenesis of gastric carcinogenesis [26,27].
Normally, inflammation response and ROS production help in the clearance of bacterial
infections [28], but if these processes are prolonged or inefficient, as occurs during H. pylori
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infection, both events are considered to possess special relevance in the progression to
more severe tissue damages [29]. This chronic inflammation has been directly related to
histopathological changes of the mucosa that can evolve from gastritis to gastric cancer, as
was described by Correa et al. [30]. For this reason, a particular interest has been shown in
the search for alternative treatments to antibiotics in H. pylori therapy. Although olive-leaf
extracts are widely used due to their different bioactive properties [31], there are few studies
concerning their efficacy against H. pylori, and they are mainly focused on the antibacte-
rial properties, with contradictory results [20,32,33]. The use of olive-leaf extracts in the
control of inflammation and oxidative stress associated with human H. pylori infection is
largely unknown. This is despite the importance of both processes in the progression of the
pathologies associated with H. pylori infection. In the present work, the anti-inflammatory,
antioxidant, and antibacterial activities of two different olive-leaf extracts (E1 and E2) are
studied against six different H. pylori strains. The chemical composition of the olive-leaf
extracts are characterized, and relationship with bioactivities is discussed.

2. Materials and Methods
2.1. Source of Olive-Leaf Extracts, Reagents, and Pure Reference Substances Used in Their
Chemical Characterization

Olive-leaf extracts (E1 and E2) were provided by Pharmactive Biotech Products
S.L. (Madrid, Spain). Extract E1 was standardized in 4% elenolic acid and its derivates
(Isenolic®) and extract E2 was standardized in 20% of OLE (Olivactive®).

High-performance liquid chromatography (HPLC)-grade water was obtained by a
Milli-Q purification system from Millipore Corp. (Bedford, MA, USA). HPLC-grade acetoni-
trile was purchased from Merck (Dramstadt, Germany) and acetic acid (99.8%) from Labbox
Labware S.L. (Madrid, Spain). HPLC-grade pure reference substances were acquired as
follows: trans-4,5-DCQA (trans-4,5-dicaffeoylquinic acid) (>95%), quercetin (>95%), 4-HPE-
EA-glucoside (ligustroside) (>96.2%), and 3,4-DHPE-EA-glucoside (oleuropein) (>98%)
from Merck. Elenolic acid (EA) (>98%) and luteolin (>95%) were purchased from Toronto
Research Chemicals (Toronto, ON, Canada), whereas 3,4-DHBA (protocatechuic acid)
(>90%), 4-HPE (tyrosol) (>95%), trans-3,4-DHCA (trans-caffeic acid) (>99%), trans-4-HCA
(trans-4-coumaric acid) (>98%), trans-3-M,4-HCA (trans-ferulic acid) (>98%), quercetin
3-O-rhamnoside (quercitrin) (>93.3%), luteolin 3',7-di-O-glucoside (>97%), eriodictyol-7-O-
rutinoside (>98%), eriodictyol 7-O-glucoside (>98%), luteolin 7-O-glucoside (>98%), and 3,4-
DHPE caffeoyl glucoside (verbascoside) (>95%) were obtained from Extrasynthese (Genay,
France). EA 2-glucoside (oleoside 11-methyl ester) (>98%), EMA 2-glucoside (secoxylo-
ganin) (>99%), 3,4-DHPE (hydroxytyrosol) (>90%), quercetin 3-O-glucoside (isoquercitrin)
(>99%), apigenin 7-O-glucuronide (>90%), and luteolin 4’-methyl ether 7-O-glucoside
(diosmin) (>90%) were purchased from PhytoLab GmbH & Co. KG (Vestenbergsgreuth,
Germany). Apigenin 6,8-di-C-glucoside (>95%) was obtained from Glentham Life Sciences
(Corsham, UK) and apigenin 7-O-rutinoside (isorhoifolin) (>99.9%) was obtained from
Biosynth AG (Switzerland). The 3,4-dihydroxyphenylglycol (3,4-DHPG) (75%) was pro-
vided by Prof. Juan Fernandez-Bolafios from Instituto de la Grasa (CSIC) (Sevilla, Spain).

2.2. Chemical Characterization of Olive-Leaf Extracts

Solutions of 2, 10, and 20 mg/mL of extracts E1 and E2 were prepared in triplicate
(n = 3) in water and methanol, respectively, and were analyzed by reverse-phase HPLC (RP-
HPLC), coupled to photodiode array detector and mass spectrometry (MS) detector with
electrospray ionization source (RP-HPLC-PAD-MS(ESI)) as described by Silvan et al. [34].

Samples of 3,4-DHBA, 3,4-DHPE, 4-HPE, 3,4-DHPE-EA-glucoside, 4-HPE-EA-glucoside,
3,4-DHPE caffeoyl glucoside, quercetin, quercetin 3-O-glucoside, quercetin 3-O-rhamnoside,
apigenin 7-O-glucuronide, apigenin 6,8-di-C-glucoside, apigenin 7-O-rutinoside, luteolin,
luteolin 3',7-di-O-glucoside, luteolin 7-O-glucoside, luteolin 4’-O-methyl, 7-O-glucoside, eri-
odictyol 7-O-rutinoside, eriodictyol 7-O-glucoside, EA, EA 2-glucoside, EMA 2-glucoside,
trans-3,4-DHCA, trans-4-HCA, trans-3-M,4-HCA, and trans-4,5-DCQA were identified un-



Antioxidants 2021, 10, 2030

4 of 14

ambiguously by coelution and comparison with their retention time, order of elution, UV
spectra, and pseudomolecular and fragment ion masses of the corresponding pure reference
substances, and quantified according to the calibration curves of each of them. The glucosides
of 3,4-DHBA and 3,4-DHPE were identified tentatively by using their corresponding reten-
tion time, order of elution, UV spectra, pseudomolecular, diagnostic fragment ion masses,
and bibliographic data [35-37]. Then, 3,4-DHBA glucoside was quantified as equivalents of
3,4-DHBA and the three 3,4-DHPE glucosides were quantified as equivalents of 3,4-DHPE.
Results of quantification were expressed as mean value + standard deviation (n = 3) on dry
matter (mg/100 g).

2.3. H. pylori Strains, Growth Media, and Culture Conditions

Six strains of H. pylori (Hp44, Hp48, Hp53, Hp58, Hp59, and Hp61) were isolated
in the Microbiology Department of Hospital La Princesa (Madrid, Spain) from gastric
biopsies. Selective (Pylori agar) (BioMerieux, Madrid, Spain) and nonselective media
(Blood-supplemented Columbia Agar) (BioMerieux) were used for culturing biopsies.
H. pylori strains were stored at —80 °C in Brucella Broth (BB) (Becton, Dickinson, & Co.,
Madrid, Spain) plus 20% glycerol. Miieller-Hinton agar supplemented with 5% defibrinated
sheep blood (MHB) (Becton, Dickinson, & Co, Franklin, NJ, USA) was used as agar-plating
medium. BB supplemented with 10% horse serum (HS) (Biowest, Barcelona, Spain) was
the liquid medium. The inoculum for H. pylori strains were prepared as follows: 200 pL
of frozen strains were inoculated in a MHB plate and incubated in a variable atmosphere
incubator (VAIN) (85% N2, 10% CO,, and 5% Oy) (MACS-VA500, Don Whitley Scientific,
Bingley, UK) at 37 °C for 72 h. Bacterial inoculum for the different assays was preparing
suspended H. pylori colonies grown in a MHB plate in 2 mL of BB + 10% HS or culture
medium cell (~1 x 10® colony forming units (CFU/mL).

2.4. Human Gastric Epithelial Cell Culture Conditions

AGS cells (human gastric epithelial cell line) were obtained from the American
Type Culture Collection (ATCC). Dulbecco’s Modified Eagle’s Medium/F12 (DMEM/F12)
(Lonza, Madrid, Spain) supplemented with 10% fetal bovine serum (FBS) (Hyclone, GE
Healthcare, Logan, UK) and 1% penicillin/streptomycin (5000 U/mL) (Lonza) was used
to culture the cells. Around 1 x 10° cells were plated in 75 cm? culture flasks (Sarstedt,
Barcelona, Spain) and maintained at 37 °C until 90% of cell confluence under 5% CO; in a
humidified incubator. Cell culture medium was changed every 2 days. Cell subculturing
was carried out before a confluent monolayer appeared. Experiments were developed
between passage 10 to passage 30 to ensure cell uniformity and reproducibility.

2.5. Evaluation of Cytotoxicity of Olive-Leaf Extracts

Cytotoxicity of olive-leaf extracts was evaluated previously to the antioxidant and
anti-inflammatory assays. MTT (3,4,5-dimethylthiazol-2,5-diphenyl-tetrazolium bromide)
(Sigma, Madrid, Spain) reduction assay was used to determine AGS cell viability [38].
Confluent cell cultures (~90%) were trypsinized (Trypsin/EDTA 170,000 U/L) (Lonza) and
cells were seeded (~5 x 10* cells per well) in 96-well plates (Sarstedt) and incubated in
culture medium at 37 °C under 5% CO; in a humidifier incubator for 24 h. Serum-free
medium containing the extracts (at 2 mg/mL final concentration) was used to replace cell
culture medium, and cells were incubated at 37 °C under 5% CO, for 24 h. Non-treated
cells (experimental control) were incubated in serum-free medium without extracts. Then,
cells were washed with phosphate buffered saline (PBS) (Lonza), and medium was replaced
by 200 pL of serum-free medium. After 1 h of incubation, 20 pL of an MTT solution in PBS
(5 mg/mL) was added to each well for the quantification of the living metabolically active
cells. In this period, MTT is reduced to purple formazan in the mitochondria of living
cells. Formazan crystals in the wells were solubilized in 200 puL dimethyl sulfoxide (Sigma).
Sample absorbance was measured at 570 nm wavelength using a microplate reader Synergy
HT (BioTek Instruments Inc., Winooski, VT, USA). The viability was calculated considering
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controls containing serum-free medium (non-treated cells) as 100% viable. Results were
obtained from three independent experiments (1 = 3).

2.6. Determination of Anti-Inflammatory Activity of Olive-Leaf Extracts on Infected AGS
Gastric Cells

Around 5 x 10* cells/well of human gastric cells were used to seed 24-well plates
(Sarstedt). Cells were incubated in cell culture medium at 37 °C under 5% CO, in a
humidifier incubator until monolayer formation. Olive-leaf extracts (E1 and E2) (1 mg/mL)
were incubated with the cells at 37 °C under 5% CO, for 2 h. Cells were washed twice with
PBS and infected with 0.5 mL/well of H. pylori inoculum in serum-antibiotics-free medium
(~1 x 108 CFU/mL for all tested strains). The cells and bacteria were incubated at 37 °C
under 5% CO; for 24 h to allow the bacteria to adhere to the gastric cells. Experimental
control was formed by uninfected cells. Cell supernatants were collected and centrifuged
at 12,000 rpm for 10 min at the end of incubation. Samples were stored at —20 °C until
analysis was performed. ELISA assays were used to determine the amounts of secreted IL-8
cytokine in the supernatant of gastric cell samples. ELISA kit (Diaclone, Besangon, France),
for the quantitation of IL-8, was used as described in the manufacturer’s instructions.
The absorbance was measured at 450 nm using a microplate reader Synergy HT (BioTek
Instruments Inc.). Such as in the absence of bacteria, gastric cells release small amounts of
IL-8 [39]; titers of cytokine released by AGS cells were determined experimentally. Results
were expressed as IL-8 production (pg/mL) of three independent experiments (1 = 3).

2.7. Determination of Antioxidant Activity of Olive-Leaf Extracts against Intracellular Reactive
Oxygen Species (ROS) Production on Infected AGS Gastric Cells

Oxidative stress induced by H. pylori infection was determined using AGS cells. Intra-
cellular ROS were measured by the DCFH-DA (carboxy-2’,7'-dichloro-dihydrofluorescein
diacetate) (Sigma) assay as described in Silvan et al. [40]. Cells were seeded (5 x 10* cells
per well) in 24-well plates and grown until 70% of confluence. Olive-leaf extracts (E1
and E2) (1 mg/mL) dissolved in serum-free medium were incubated with the cells at
37 °C under 5% CO, for 2 h. Then, cells were washed with PBS and incubated with
20 uM DCFH-DA at 37 °C under 5% CO, for 30 min. Cells were washed twice with PBS
to remove the unabsorbed probe and infected with H. pylori strains suspended in serum-
antibiotics-free medium (~1 x 108 CFU/mL). ROS production was measured for 180 min
in a fluorescent microplate reader Synergy HT (BioTek Instruments Inc.) using a Aex 485 nm
and Aem 530 nm. After being oxidized by intracellular oxidants, DCFH-DA changes to
dichlorofluorescein (DCF) and emits fluorescence. Infected cells (non-treated) were used
as oxidative control (100% of intracellular ROS production). Analysis was carried out in
triplicate (n = 3). Results were expressed as % inhibition of ROS production.

2.8. Determination of Antibacterial Activity of Olive-Leaf Extracts against H. pylori Strains

Antibacterial activity of olive-leaf extracts (E1 and E2) against H. pylori was evaluated
according to the protocol described by Silvan et al. [41]. Briefly, 1 mL of extracts (at 2 mg/mL
final concentration) was added into flasks containing 4 mL of BB supplemented with 10%
HS. Bacterial inoculum (50 uL of~1 x 108 CFU/mL) was then added to the flasks under
aseptic conditions. Cultures were incubated under stirring (150 rpm) in a VAIN at 37 °C
for 24 h. Controls were prepared using sterile water instead of extracts. Serial decimal
dilutions of cultures were prepared in saline solution (0.9% NaCl) after incubation. They
were plated (20 uL) onto fresh MHB agar and incubated in a VAIN at 37 °C for 72 h. The
number of CFU was assessed after incubation. The results of antibacterial activity were
expressed as log CFU/mL (n = 3).
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2.9. Verification of Bioactive Properties Using Pure Reference HT and OLE

Anti-inflammatory, antioxidant, and antibacterial properties of the major phenolic
compounds in each extract (HT in extract E1 and OLE in extract E2) were investigated using
commercial pure reference substances (Section 2.1) following the procedures described in
the sections above. All analyses were carried out using the equivalent final concentration
of these compounds in each extract (0.2 mg/mL HT in extract E1; 0.4 mg/mL OLE in
extract E2).

2.10. Statistical Analysis

The results were reported as means =+ standard deviations (SD) performed at least
in triplicate (n = 3). Statistical analyses of the concentration of each quantified compound
in both olive-leaf extracts were performed by t-test. Significant differences in the anti-
inflammatory and antibacterial results were estimated by applying analysis of variance
(ANOVA). Tukey’s least significant differences (LSD) test was used to evaluate the signifi-
cance of these values. Statistical analysis of results for antioxidant activity was performed
by ANOVA to compare values between strains treated with the same extract; and by t-test
to compare values between both extracts for each strain. In all cases, differences were con-
sidered significant at p < 0.05. All statistical tests were performed with IBM SPSS Statistics
for Windows, Version 26.0 (IBM Corp., Armonk, New York, NY, USA).

3. Results
3.1. Chemical Characterization of Olive-Leaf Extracts

HPLC-PAD-MS analysis showed that olive-leaf extracts (E1 and E2) were composed
of a wide range of secondary metabolites, comprising mainly secoiridoids, phenolic
compounds, and their derivatives, such as hydroxybenzoic and hydroxycinnamic acids,
phenylethanols, secoiridoids, secoiridoid phenylethanols, cynnamoyl phenylethanols,
flavones, flavonols, and flavanones (Table 1). This analysis allowed identification and
quantification of twenty-five phenolic and secoiridoid compounds. Twenty-one of them
(3,4-DHBA, trans-3,4-DHCA, trans-4-HCA, trans-3-M,4-HCA, trans-4,5-DCQA, 3,4-DHPE,
4-HPE, EA, EA 2-glucoside, EMA 2-glucoside, 3,4-DHPE-EA glucoside, 3,4-DHPE caffeoyl
glucoside, apigenin 6,8-di-C-glucoside, apigenin 7-O-glucuronide, luteolin, luteolin 3',7-
di-O-glucoside, luteolin 7-O-glucoside, luteolin 4’-methyl ether 7-O-glucoside, quercetin,
quercetin 3-O-glucoside, and eriodictyol 7-O-rutinoside) were identified unambiguously
and four (3,4-DHBA and 3,4-DHPE glucosides) were identified tentatively.

Table 1. Ultraviolet absorption, mass spectrometric data, and quantification of main phenolic and secoiridoid compounds

present in olive-leaf extracts (E1 and E2). Quantification is expressed as mean value + standard deviation on dry matter

(mg/100 g).
Compounds AbSmax [M + H]* [M — H]~ Product Ions (-) Extract E1 Extract E2
P (nm) (m/z) (m/z) (m/z) (mg/100 g) (mg/100 g)

Hydroxybenzoic acids and
glycosides
2'CA;1?HBA (Protocatechuic 260/294 153.0 123.1,109.0 79402 ND
3,4-DHBA glucoside 253/293 314.9 153.0, 136.9 6.4+ 0.7 ND
z Hydroxybenzoic acids 143 ND
and glycosides
Hydroxycinnamic acids
and derivatives
trans-34 DHCA 234/296sh/322 181.0 179.0 135.1 140.0 £ 4.0* 45+01*

(trans-caffeic acid)
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Table 1. Cont.

Compounds AbSmax [M + H]* [M — H]~ Product Ions (-) Extract E1 Extract E2
P (nm) (mlz) (nlz) (mlz) (ng/100 g) (mg/100 g)
frans-4-HCA 233/296sh/308 163.0 145.0,123.1, 119.1 209.0 + 45.0 * 12401%
(trans-4-coumaric acid)
trans-3-M,4-HCA 236/295sh /322 193.1 178.1,149.0 116.0 £ 4.0* 504+05%
(trans-ferulic acid)
trans-4,5-DCQA
(trans-4,5-dicaffeoylquinic 235/300sh /326 517.1 ND 165+ 0.2
acid)
% Hydr(?xyginnamic acids 465.0 272
and derivatives
Phenylethanols and
glycosides
3,4-DHPG 232/278 169.0 20.1+04* 944+05*
3,4-DHPE (Hydroxytyrosol) 153.1 3052 ,123.2 . .
+ 3,4-DHPE glucoside 1 234/278 315.1 153.1,123.2 13,743 4 1659 1820 +4.0
3,4-DHPE glucoside 2 + 3 230/278 315.0 153.1 965.0 £ 13.0* 123.0 +£1.0*
+
4-HPE (Tyrosol) 232/275 161'21%51\1"’] ’ 250.0 &+ 6.0 * 91+01*
z Pher}ylethanols and 14,978 3235
glycosides
Secoiridoids
. . 165.1,139.1, 127.1,
EA (Elenolic acid) 239 241.1 121.1,1112,101.0 155.0 +14.0 ND
EA 2-glucoside (Oleoside 807.2%,223.1,179.0, . .
11-methy! ester) 238 403.1 119.1,112.9 1352 £+ 49.0 844+ 4.6
EMA 2-glucoside 807.2%,223.1,179.1,
(Secoxyloganin) 237 403.0 121.1,119.2, 113.1 657.0 £158.0 ND
. Secoiridoids 2164 84.4
Secoiridoid phenylethanols
3/4-DHPE-EA glucoside 234/280 563.2 [M+Na]* 539.2 355.0 £57.0* 20,471 = 1061*
(Oleuropein)
4-HPE-EA-glucoside 234/280 523.0 99.3+9.3* 360 +16*
(Ligustroside)
2. Secoiridoid
phenylethanols 454.3 20,831
Cynnamoyl phenylethanol
glycosides
34-DHPE caffeoyl glucoside 3, yg5.1 /330 6472 [M+Nal* 623.2 1610+£11.0%  6872+£230%
(Verbascoside)
%, Cynnamoyl
phenylethanol glycosides 161.0 6872
Flavones
Apigenin 6,8-di-C-glucoside ~ 254/265sh/348 595.2 393+14* 242 +0.2*
Apigenin 7-O-rutinoside 266/341 579.1 576.8 109 +1* 122+5%
(Isorhoifolin)
Apigenin 7-O-glucuronide 266/338 445.1 764 +7.1 64 £+ 6.0
Luteolin 253/265/348 287.0 285.1 284.1 ND 171+12
Luteolin 3/,7-di-O-glucoside 267/342 609.1 399+14* 69.6 +23*
Luteolin 7-O-glucoside 254/268sh /348 449.1 4471 895.0* 655.0 +22.0*% 513.0 +46.0 *
-

Luteolin 4™-methyl ether 252/266/347 609.2 606.9 461.0,299.1 123.0 + 11.0 111.0 + 12,0

7-O-glucoside (Diosmin)
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Table 1. Cont.
Compounds AbSmax [M + H]* [M — H]~ Product Ions (-) Extract E1 Extract E2
P (nm) (mlz) (nlz) (mlz) (ng/100 g) (mg/100 g)

2. Flavones 1042.6 920.9
Flavonols
Quercetin 3-O-glucoside 233/281/322 465.1 463.1 ND 9.1+ 06
(Isoquercitrin)
Quercetin 3-thamnoside 253/295sh /342 449.1 447.1 ND 10.8 £ 0.2
(Quercitrin)
Quercetin 254 /300sh /370 303.0 ND 314+ 0.5
2. Flavonols ND 51.3
Flavanones
Eriodictyol 7-O-rutinoside 233/283/328 594.6 449.1, 286.9,151.3 ND 223+ 3.1
Eriodictyol 7-O-glucoside 232/277/340 451.1 449.1 ND 228 +1.0
2. Flavanones ND 45.1
Total phenolic and 19,051 28,630

secoiridoid compounds

ND: not detected; sh: peak shoulder; DHBA: dihydroxybenzoic acid; DHCA: dihydroxycinnamic acid; HCA: hydroxycinnamic acid;
3-M,4-HCA: 3-Methoxy-4-hydroxycinnamic acid; DCQA: dicaffeoylquinic acid; DHPG: 3,4-dihydroxyphenylglycol; DHPE: dihydrox-
yphenylethanol; HPE: hydroxyphenylethanol; EA: Elenolic acid; EMA 2-glucoside: EA monoaldehyde isomer 2-glucoside. ¥ Double-
charged ion [M-2H]?~. * Data marked with asterisk in the same row indicate significant difference between values (p < 0.05).

From a quantitative point of view, these results showed that both extracts had
substantial contents of phenolic and secoiridoid compounds, and extract E2 had con-
siderably higher amounts of these compounds (29,155 mg/100 g) than the extract E1
(19,279 mg/100 g). Moreover, there were important qualitative differences between them:
extract E1 contained highly hydrophilic compounds, among which HT, elenolic acid, and
their glucosides, and several hydroxycinnamic acids were at higher concentrations (14,978,
2164, and 465 mg/100 g, respectively); and extract E2 contained moderately hydrophilic
compounds, with the highest contents corresponding to OLE and verbascoside (20,471
and 6872 mg/100 g, respectively); and trans-4,5-DCQA, luteolin, flavonols, eriodictyol
7-O-rutinoside and eriodictyol 7-O-glucoside were absent in extract E1, whereas hydrox-
ybenzoic and hydroxycinnamic acids, phenylethanols, and secoiridoids were absent or
present at relatively low amounts in extract E2. Only most of the identified flavones were
present at relatively equitative amounts in both olive-leaf extracts.

3.2. Anti-Inflammatory Activity of Olive-Leaf Extracts

Previously, we evaluated in vitro the secretion of different proinflammatory cytokines
produced in H. pylori-infected AGS cells, with IL-8 being the most secreted cytokine
(data not shown). For this reason, we selected IL-8 cytokine as a biomarker to evaluate
the anti-inflammatory effect of olive-leaf extracts (E1 and E2) on AGS cells infected by
different H. pylori strains. As shown in Table 2, AGS cells secreted basal levels of IL-8
(225.0 £21.2 pg/mL) and when AGS cells were infected with H. pylori strains, the IL-
8 production was highly induced in a strain-dependent manner. All H. pylori strains
significantly (p < 0.05) stimulated the IL-8 secretion by AGS cells with respect to uninfected
cells (control). Hp48, Hp59, and Hp53, in this order, were the most proinflammatory strains,
stimulating more than ten-fold the production of IL-8 with respect to uninfected AGS cells.
Both extracts (E1 and E2), although in different proportions, significantly (p < 0.05) reduced
IL-8 production by AGS-infected cells in all cases when compared with non-pretreated
infected cells. Extract E2 was more effective, reducing IL-8 secretion between 71.5 to 94.9%,
while extract E1 reduced IL-8 in a range from 30.6 to 74.4%. In addition, extract E2 reached
the highest inhibition levels for the three most proinflammatory strains (Hp48, Hp59,
and Hp53), with 94.9, 93.4, and 90.7%, respectively. Although both extracts were able to
modulate IL-8 production on AGS cells infected by H. pylori strains, extract E2 was more
effective. In this extract, OLE was the major phenolic compound (20,471 mg/100 g dw)
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(Table 1). However, when using a pure OLE standard at the concentration that was found
in the extract E2 (0.4 mg/mL), no anti-inflammatory activity was observed against any of
the H. pylori strains (data not shown).

Table 2. Effect of olive-leaf extracts (E1 and E2) on IL-8 production in AGS cells infected by H. pylori strains. Values of IL-8
production are expressed as pg/mL (mean =+ standard deviation) (1 = 3).

Strains (Cells w(i:t(l)lr(;::);xtrac ts) Extract E1 Extract E2
Uninfected AGS cells 225.0 +21.2 A 215.0 +£10.22 205.0 1622

Hp44 1119.4 + 112.3¢P 318.8 £23.02 (71.5%) * 212.5 +£5.32 (81.0%) *
Hp48 3116.3 + 49.5 Fc 2163.0 + 139.7P (30.6%) * 158.1 + 6.2 2 (94.9%) *
Hp53 2413.8 4+ 30.1 Dc 618.1 = 69.8P (74.4%) * 225.0 = 76.0 2 (90.7%) *
Hp58 733.1 + 6.2 B¢ 4219 +39.8" (42.5%) * 166.3 +5.32 (77.3%) *
Hp59 2825.6 + 94.6 E< 19119 £9.7b (32.3%) * 187.5 +24.7 @ (93.4%) *
Hpé61 955.0 4+ 24.7 BCD 374.4 +£110.5 2 (60.8%) * 271.9 +£8.02 (71.5%) *

27¢ Values in the same row marked with different lowercase letters indicate significant differences by ANOVA post hoc LSD Tukey test
(p < 0.05). AF Values in the control column marked with different uppercase letters indicate significant differences by ANOVA post hoc
LSD Tukey test (p < 0.05). * Values showed in brackets indicate the % inhibition of IL-8 production respect to non-pretreated infected

cells (control).

3.3. Antioxidant Activity of Olive-Leaf Extracts against Intracellular Reactive Oxygen Species
(ROS) Production

Antioxidant activity of olive-leaf extracts (E1 and E2) was evaluated against intra-
cellular ROS produced by H. pylori-infected AGS cells. As shown in Table 3, extracts E1
and E2 inhibited ROS production in a similar way. Despite no significant differences
(p > 0.05), similarities were obtained between olive leaf extract treatments for most of the
strains, except for Hp48. Extract E2 reduced ROS production between 22.4 to 33.9%, while
intracellular ROS reduction due to treatment with extract E1 ranged between 16.8 to 25.9%.
No significant differences (p > 0.05) were observed between strains for the same extract
treatment. As we described above, we evaluated, using pure reference substances, the role
of HT and OLE on the inhibition of ROS production. Results obtained (data not shown)
showed that they have no impact on ROS production at the concentrations at which they
were found in extracts E1 and E2.

Table 3. Protective effect of olive-leaf extracts (E1 and E2) on intracellular ROS production by H.
pylori-infected AGS cells. Values are expressed as % inhibition of ROS production (mean =+ standard
deviation) (n = 3).

Strain Extract E1 Extract E2
Hp44 18.11 £ 3.31° 2241 +5542
Hp48 16.79 £ 1.71 &* 29.87 +£3.93a*
Hp53 2593 +4.812 33.88 +£2.3742
Hp58 23.054+2.102 2999 +2.072
Hp59 2217 +3.982 2573 +1.862
Hpé61 2592 +2.252 30.59 £ 5.062

 Values in the same column marked with different lowercase letters indicate significant differences by ANOVA
post hoc LSD Tukey test (p < 0.05). * Values in the same row marked with asterisks indicate significant differences
between the treatments with extracts for each strain determined by ¢-test (p < 0.05).

3.4. Antibacterial Activity of Olive-Leaf Extracts

Olive-leaf extracts (E1 and E2) were screened for their antibacterial activity against
H. pylori strains, and the results obtained are presented in Table 4. Both extracts showed
antibacterial activity, but in different degrees. Extract E1 showed bactericidal activity
against all strains tested, indicating a relevant antibacterial activity. In contrast, antibacterial
effect of extract E2 was strain-dependent, and it was bactericidal for strains Hp44 and Hp58.
For Hp48 and Hp59, extract E2 reduced bacterial viability around 2 log of CFU/mL. In the
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case of Hp53, viability reduction was lower than 1 log of CFU/mL, while no significant
differences were obtained for Hp61 with respect to control growth.

Table 4. Antibacterial activity of olive-leaf extracts (at 2 mg/mL) on the viable counts of different H.
pylori strains after 24 h of treatment. Results are expressed as log CFU/mL = standard deviation
(n=23).

Extract E1 Extract E2
Strains Control Growth log log
log CFU/mL Reduction log CFU/mL Reduction
Hp44 7.82 +£0.03P <1.5*2 7.82 <1.5*2 7.82
Hp48 7.69 +0.02°¢ <1.5*4 7.69 555+ 0.13 P 2.14
Hp53 7.48 £0.02 ¢ <1.5*4 7.48 6.83+0.01P 0.65
Hp58 6.69 +0.33P <1.5*4 6.69 <1.5*2 6.69
Hp59 7.74 +0.01°¢ <15%*2 7.74 5.95 + 0.03 P 1.79
Hp61 7.56 + 0.03 P <1.5*2 7.56 7.51 £0.03P 0.05

* Colony forming unit, detection limit was 1.5 log CFU/mL (30 CFU per plate). * Log CFU/mL values in the
same row marked with different letters indicate significant differences by ANOVA post hoc LSD Tukey test
(p < 0.05).

In our experiments, E1 was the extract with the highest antibacterial activity, and by
far the most abundant phenolic compound was HT (13,743 mg/100 g dw) (Table 1). In the
experiments we performed using a pure HT reference substance at the real concentration
at which it was present in extract E1 (0.2 mg/mL), no antibacterial activity was observed
against any of the H. pylori strains (data not shown).

4. Discussion

Due to the high correlation between H. pylori infection and gastric cancer, most
therapeutic guidelines aim to eradicate this pathogen using a combination of antibiotics
with a proton pump inhibitor in a triple or quadruple therapy [42]. However, there are
currently two main issues that raise concerns about whether this therapeutic practice
is the only possible option: first, the alarming global increase in antibiotic resistance,
which has also affected the efficacy of treatments against H. pylori [43], and which can
also lead to a significant disturbance in the microbiota [44]; and second, the relationship
that has been observed between the eradication of H. pylori and the onset or worsening of
other pathologies, such as esophageal reflux [45]. This situation has led to the increasing
acceptance of alternative treatments to antibiotics, which can contribute to restoring the
microbiota equilibrium, although they do not have the eradicating power of antibiotics.
In this study, we have focused on evaluating the impact of two olive-leaf extracts (E1 and
E2) on three key points closely related to the pathological progression of human H. pylori
infection: inflammation, intracellular ROS production, and bacterial viability. The main
difference between the two extracts is that extract E1 was richer in highly hydrophilic
compounds, with HT representing the major component (13,743 mg/g) (Table 1). On the
other hand, extract E2 was richer in moderately hydrophilic compounds, with OLE being
the major compound (20,471 mg/g). The effectiveness of both extracts in modulating the
inflammatory response and intracellular ROS production elicited by H. pylori in gastric
cells was highly relevant, regardless of the strain of H. pylori causing the infection.

Some observations about the anti-inflammatory effect of phenolic compounds in
extracts obtained from olive leaves and extra virgin olive oil on gastric epithelial cells
has been previously described, but regarding inducing the cell inflammation by chemical
agents. In this regard, for example, it has been previously confirmed that olive-leaf extract
treatment in acidified ethanol-induced gastric ulcer in a rat model can prevent gastric
inflammation by attenuating proinflammatory factors secretion, such as interleukin-13
(IL-1B) or tumor necrosis factor-oc (TNF-o) [46]. There is also some clinical evidence of
this effect. For instance, olive-leaf extract has previously demonstrated positive effects in
clinical trials by modulating blood markers associated with inflammation and oxidative
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stress in healthy subjects and in patients affected by cardiovascular disease risk [47,48].
However, this work constitutes the first evidence of the direct anti-inflammatory and
antioxidant effectiveness of olive-leaf extract in human gastric cells infected with different
strains of H. pylori capable of stimulating an inflammatory response in these cells.

Despite the fact that the effectiveness of the extract E1 is not questioned, it appears
that the moderately hydrophilic compounds in extract E2 have a greater impact on the
anti-inflammatory activity. It has been previously described that HT and OLE, the main
phenolic compounds in extract E1 and E2, respectively, showed a potent anti-inflammatory
and antioxidant effect by inhibition of neutrophil degranulation, suppression of production,
and release of inflammatory agents, and by inhibition of ROS production [17,49]. However,
tests performed with pure reference substances of both compounds, as part of this study,
failed to demonstrate that they are the only ones responsible for the observed effect. It may
be possible that the whole effect of each extract involves the individual contribution of
different compounds either additively or synergistically. Others have previously described,
for example, that the high antioxidant capacity observed in olive-leaf extracts has been
attributed to the synergic effect between the phenolic compounds present in comparison
with the same compounds studied separately [50].

Regarding the antibacterial activity, the results indicated a greater strength of the
highly hydrophilic compounds that constitute the extract E1. However, this effect showed
no relationship with HT, the major compound of this extract. The antibacterial activity
of HT is another controversial topic, since while some studies highlight its potent in vitro
antibacterial activity even at very low concentrations [51], others focus on its limited
antibacterial activity [52]. Other pure phenolic compounds that have been associated with
the antibacterial activity of olive-leaf extracts, such as OLE and oleocanthal, were found
at a very low concentration in extract E1 or were not detected, respectively. These results
suggest that the antibacterial effect of olive-leaf extracts against H. pylori is, as we described
above for antioxidant activity, probably due to the combined action or synergistic activity of
different compounds. Some authors have previously reported strong antibacterial activity
in vitro for olive-leaf extracts and olive oil against H. pylori. Sudjana et al. observed that
although the extract used in their work did not have a broad spectrum of antimicrobial
activity, it was particularly active against H. pylori, suggesting that olive-leaf extract may
have a role in modulating the composition of the gastric microbiota due to its relevant
antibacterial effect against H. pylori [20]. Similar observations were made by Romero et al.
using virgin olive oil [32]. They incubated olive oil with a simulated gastric juice, observing
that the phenolic compounds that diffused from the oil into the gastric juice had strong
antibacterial activity against H. pylori. Among these compounds, the authors identified the
dialdehydic form of decarboxymethyl ligstroside aglycon (oleocanthal) as the most active
compound against H. pylori. However, these same authors obtained contradictory results
in two subsequent clinical trials, and it was not possible to confirm in vivo the effectiveness
observed in the experiments carried out in vitro. Among other factors, these discrepancies
in the results were attributed to the variation in the phenolic composition of the olive oils
used [33]. Further studies are required in order to understand these interactions and to
identify the critical points whereby the effectiveness of these antibacterial compounds
in the gastric mucosal environment is not exerted with the same potential as observed
in vitro experiments.

Nevertheless, it is essential to test the in vivo response in clinical trials using ap-
propriate markers that allow us to determine not only the antibacterial activity of these
extracts against H. pylori, but also their impact as modulators of inflammation process and
oxidative damage. Finally, this work shows the need to standardize the composition of
olive-leaf extracts depending on the bioactivity required. Accordingly, hydrophilic, or less
hydrophilic, compounds may be involved. This could be one of the main causes of some of
the contradictory results observed using apparently similar extracts [32,33]. Therefore, it is
imperative to have identified compounds that could serve as markers of extract activity and
could be used as a chromatographic fingerprint to ensure homogeneity in the composition
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of the extracts with better bioactive response, regardless of the intrinsic variations between
raw materials.

5. Conclusions

H. pylori infection may induce a chronic inflammatory response of gastric epithelial
cells with increased oxidative damage mediated by ROS. In the present work, two different
olive-leaf extracts (E1 and E2) were able to significantly decrease the inflammation response
by reduction of IL-8 secretion, and to reduce the oxidative stress by inhibition of ROS
production, in human gastric cells infected with different H. pylori strains. However, the
effectiveness of each extract was determined by its composition. These results demonstrate
the importance to standardize the composition of olive-leaf extracts according to the
bioactive properties to be boosted. With a standardized preparation, olive-leaf extracts
can be a tool of great potential in modulating the pathogenic effects produced by H.
pylori infection. This possible application can also contribute to the development of new
strategies for the valorization of olive by-products in order to achieve a sustainable use of
these residues.
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