International Journal of Chemical Science
www.chemicaljournals.com

Online ISSN: 2523-2843, Print ISSN: 2523-6075

Received: 07-06-2023, Accepted: 23-06-2023, Published: 08-07-2023
Volume 7, Issue 2, 2023, Page No. 1-4
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Abstract

Hydroxytyrosol (HT), also called 3,4-dihydroxyphenylethanol, is a phenolic compound present in the olive plant (Olea
europaea) and has a powerful antioxidant effect, which is why it has been proposed for use as an additive to improve diet. HT
can be obtained from three sources, either by extraction of olive residues, by chemical synthesis or by biotechnology. This last
technique allowed to obtain high purity HT, without variations between extractions and without contaminants. A high purity
HT of biological origin (POLYPHENOL - HT 1®, Nova Mentis Ltd, Ireland) has recently been developed. The objective of
this work was to investigate the antioxidant effect of POLYPHENOL - HT 1® on the peroxidation of rat hepatic mitochondria
membranes. Mitochondria membranes, adjusted to 1 mg of protein, were incubated in an ascorbate-Fe?* dependent pro-oxidant
system at 37 °C to determine its oxidative effect and to be able to evaluate the protection against peroxidation generated with
50, 100 and 200 uM HT. Mitochondrial peroxidation was quantified in a Packard 1900 TR liquid scintillation counter by
chemiluminescence in cpm (counts per minute). A completely randomized experimental design was used with the following
groups: Control group (mitochondria only), Ascorbate-Fe?* group (mitochondria + pro-oxidant substance) and HT groups
(mitochondria + pro-oxidant substance + HT in mentioned concentrations). The results of six independent determinations per
group show the mean and its standard deviation of the means of the cpm: 156055083 (Control); 36151+1177 (Ascorbate-
Fe?*); 24907+8113 (HT 50 uM); 18473+6017 (HT 100 uM) and 16190+5274 (HT 200 pM). Data were statistically evaluated
using one-way analysis of variance (ANOVA) and Tukey's test. It was observed that the chemiluminescence value was
statistically higher in the Ascorbate-Fe?* group than in the Control, while the HT groups showed an increasing reduction in
concentration-dependent chemiluminescence that managed to equate the groups with 100 and 200 mM of HT with Control
group. These results indicated that HT may act as antioxidant, protecting rat liver mitochondria membranes from peroxidative

damage.
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Introduction

HT is a polyphenol of interest to the food, feed, supplements
and pharmaceutical sectors (Echeverria et al., 2017) I, It is
well known for reducing inflammation (Elmaksoud et al.,
2021) 121, cancer (Ramirez-Exposito et al., 2021) B, coronary
and neurodegenerative diseases (Achmon and Fishman,
2014) ¥ and for its nephroprotective effect (Rodriguez-
Pérez et al., 2021) Bl In nature, HT is a polyphenolic
compound of olive oil, derived from hydrolysis of
oleuropein during maturation of olives. HT is one of the
strongest known natural antioxidants and it is known to be
one of the compounds responsible for the health benefits of
the Mediterranean diet (Noguera-Navarro et al., 2023) [©l,
European Food Safety Authority (EFSA) recommends 5 mg
of HT daily (EFSA, 2010) [l Different doses have been
used to obtain biological effects, and it is evident that HT is
very safe. In rodents, it is known that doses of 20 mg/kg/day
orally exert an antioxidant effect (Cao et al., 2014) [, but
that doses of up to 300 mg/kg/day of HT are safe (Heilman
et al., 2015) ¥, Aufion-Calles et al. (2013) 1% propose a No
Observed Adverse Effects Level (NOAEL) of 500 mg/kg/d.
However, its source, its purity and cost can condition its use.
There are three main sources of HT. The first option was to
obtain it from natural sources, such as olive mill wastewater
processing. Unfortunately this system is not very efficient
and requires organic solvents (Karkovi¢ Markovi¢ et al.,
2019) M, In addition, the HT obtained from natural sources

is impure and suffer from batch to batch variation and
seasonality (De Leonardis et al., 2008) [2. Another option is
chemical synthesis, but these methods still result in minimal
chemical contaminants, low production efficiency, or are
expensive (Achmon and Fishman, 2014) . Finally,
biotechnological approaches can produce highly pure HT-
like chemical catalysis with the additional advantage of not
using any heavy-metal catalysts and harsh conditions
(Britton et al., 2019) [*31. Recently, commercial high purity
HT, based on tyrosinase variants of Ralstonia solanacearum
on E. coli BL21 is available (Molloy et al., 2013, Nova
Mentis GRAS Notice No. 876) 1. Different doses and cell
models have been evaluated HT in vitro. Supplementation
with HT (1300puM) might be helpful to maintain the human
spermatozoon after centrifugation. This can improve sperm
quality, in particular viability, and decrease sperm DNA
oxidation by reducing ROS levels (Kedechi et al., 2016) 61,
Other studies found that the concentrations in the optimal
range for HT (25-50 pM) maintained total motility and
progressive motility of cryopreserved bull semen with low
cryotolerance (Mohsen Sharafi et al., 2022) ], Studies in
vitro inducing hemolysis in human erythrocytes (200uM
H20,) show HT concentration as little as 50 uM had a
significant effect, while 100uM completely prevents the
oxidative damage (Manna et al., 1999) I8l Other results
indicate that HT treatment (10-50 puM) prevents the increase
in hemolysis and Reactive Oxygen Species (ROS)
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generation induced by exposure of cells to micromolar
HgCl, concentrations as well as the decrease in GSH
intracellular levels (Tagliafierro et al, 2015) @9
Mitochondria, and especially their membranes, are targets of
oxidative attack (Ott et al., 2007) 2, Lipid peroxidation of
cell membranes is a classical model to study the effects of
antioxidants (Wadhwa et al., 2012) 211, The objective of this
work was to evaluate the antioxidant capacity of increasing
doses of a novel HT (>99 % pure) obtain by biotechnology
on rat liver mitochondria membranes.

Materials and Methods

Experimental

Female Wistar AH/HOK rats, 8 weeks old, weighing 120-
137 g were used. All rats were fed commercial rat chow and
water ad libitum. Female Wistar AH/HOK rats were
obtained from Laboratory Animal Facility, Facultad de
Ciencias Veterinarias, Universidad Nacional de La Plata.
BSA (fraction V) was obtained from Wako Pure Chemical
Industries Ltd, Japan. L (+) ascorbic acid, dimethyl
sulfoxide and methanol were from Merck Laboratories and
POLYPHENOL - HT 1® was obtained from Nova Mentis
Ltd, Ireland. All other reagents and chemicals were of
analytical grade from Sigma-Aldrich.

Preparation of animals and mitochondria

Rats were euthanized by cervical dislocation and the liver
was rapidly removed, cut into small pieces and extensively
washed with 0.15 M NaCl. A 30 % (w/v) homogenate was
prepared in a 0.25 M sucrose solution, 10 mM Tris-HCI pH
7.4 using a Potter-Elvehjem homogenizer. The homogenate
was spun at 10,000 x g for 10 min. The supernatant (30 ml)
was applied to a Sepharose 4B column (1.6 x 12 cm)
equilibrated and eluted with 10 mM Tris-HCI pH 7.4, 0.01
% NaNs. Mitochondria were obtained by method described
by Schneider and Hogeboom, 1958 22,

Mitochondria peroxidation

Rat liver mitochondria were incubated with different
concentrations of HT (50, 100, 200 uM) in an in vitro non-
enzymatic ascorbic acid-Fe*? system in order to determine
the oxidative effect on membranes and quantify
peroxidation level in standarized conditions. Peroxidation
was quantified in a liquid scintillation counter Packard 1900
TR by chemiluminescence in cpm (counts per minute).
Mitochondria without HT were used as a control.
Chemiluminescence and peroxidation were initiated by
adding ascorbate to mitochondria (Witing et al. 1964) 23],
The mitochondria (0.5 mg mitochondria protein) with
addition of HT (50, 100, 200 uM) were incubated at 37 °C
with 0.01 M phosphate buffer pH 7.4, 0.4 mM ascorbate,
obtaining a final volume of 1 ml. The phosphate buffer
provides ferrous or ferric iron (final concentration in the
incubation mixture was 2.15 pM) for peroxidation (Wright
et al. 1979) . Mitochondria preparations, which lacked
ascorbate, were carried out simultaneously. Membrane light
emission was determined over a 180 min period,
chemiluminescence was recorded as count per minute (cpm)
every 10 min and the sum of the total chemiluminescence
was used to calculate cpm/mg protein. Chemiluminescence
was measured as counts per min in liquid scintillation
analyzer Packard 1900 TR equipment (Japan) with a
program for chemiluminescence.
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Protein determination
Proteins were determined by the method of Lowry et al.
1951 2% ysing BSA as standard.

Statistical analysis

Results are expressed as means + S.D. of five independent
determinations. Data were statistically evaluated by one-
way analysis of variance (ANOVA) and Tukey’s test. The
statistical criterion for significance was selected at different
p-values, which was indicated in each case.

Results

The incubation of rat liver mitochondria in the presence of
ascorbate-Fe?* resulted in the peroxidation of membranes as
evidenced by emission of light (chemiluminescence). After
incubation of mitochondria in an ascorbate-Fe?* system at
37 °C for 180 minutes (cpm every 10 min) the cpm
originated from light emission was lower in the HT group
than in the control group in a concentration dependent
manner (Figure 1).

Figure 1

The Figure 2 shows the total light emission obtained from
HT group and control group.

When comparing the control group with the groups in the
presence of HT, it was observed that at different
concentrations of HT there was greater protection of the
mitochondria. Count per minute (mean £ SDM) was in
control 15605+5083; in control + ascorbate 36151+11776
and in different concentrations of HT, 50uM: 24907+8113,
100puM: 18473+6017 y 200uM:16190+5274.

Figure 2
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Fig 1: Rat liver mitochondria with different concentrations of HT:
peroxidation.
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Fig 2: Total chemiluminescence of rat liver mitochondria induced
by ascorbate Fe?* system.
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Results are expressed as mean = SD of six independent
experiments. The values of light emission showed
statistically differences (p<0.05), when the control (without
ascorbate) and ascorbate-Fe?* (with ascorbate-Fe**) rat liver
mitochondria groups were compared. Similarly, differences
(p<0.05) were found when was compared ascorbate-Fe
with ascorbate and HT antioxidant addition (50, 100,
200uM) rat liver mitochondria groups.

Discussion

HT has been studied in cellular, animal and human models
that demonstrate the safety of the polyphenol; nevertheless,
more studies in humans are needed to determine the
therapeutic doses (Echeverria et al., 2017) [,

Despite the importance of mitochondrial integrity in
diseases that generate oxidative damage, there are few
studies evaluating mitochondrial membranes challenged
with non-enzymatic peroxidation. In our work, the addition
of 50 UM HT partially protected the mitochondrial
membranes, and a concentration of at least 100 uM was
necessary to fully protect the membranes. Using rat liver
microsomes and challenged with Fe*? +ascorbate, complete
protection against lipoperoxidation was demonstrated with
50 uM (Gutierrez et al., 2001) 61, These authors also
demonstrated that the molecules that generate HT in nature
(oleuropein) or in the industrial generation system (tyrosol)
do not achieve more important protections such as HT. With
other models of non-enzymatic lipid peroxidation, using
H.O; as a pro-oxidant, there are some precedents. In this
sense, Manna et al. (1999) [*81, using the human RBC model
challenged with H,O; (300 uM), achieved partial protection
with 50 pM, which increased with 100 uM HT, but it was
also incomplete and did not reduce lipid peroxidation. For
control level with milder challenges (100 uM H20;), HT
demonstrated partial protection against oxidative damage
with concentrations as low as 1 uM (Deiana et al., 2008) 7],
This demonstrates that peroxidative damage depends on the
concentration and type of prooxidant substance.

Oxidative damage to mitochondrial membranes is central to
mitochondrial dysfunction that occurs in cardiovascular
(Chistiakov et al., 2018) [?81, neurological (Johnson et al.,
2020) and different types of cancer (Sun et al., 2014; Luo et
al., 2020) % 31 Although its antioxidant capacity by
inhibiting lipid peroxidation is recognized, HT has several
beneficial effects on mitochondrial function (Cao et al.,
2014) Bl In an in vitro model of endothelial inflammation,
HT (1-30 umol/L) reduced mitochondrial superoxide
production and also increased superoxide dismutase activity
(Calabriso et al., 2018) 2. In addition, the activation of
mitophagy by HT through the AMPK/PINK1 pathway
(Dong et al., 2022) 31 and the activation of mitochondrial
biogenesis (Zhu et al., 2010) 34, also resulting in increased
ATP synthesis (Visioli et al., 2022) [,

Conclusions

It is concluded that HT succeeded in protecting rat liver
mitochondrial membranes from peroxidation, but with
concentrations of 100 and 200 uM, while an intermediate
effect was achieved with a concentration of 50 uM.
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