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Table S1: In vitro assays for ADMET properties of olive bioactive constituents.

Identified or measured me-

Tested compound [refer-
tabolites

Model System

Results

ence]

[14C] Htyr [1] Caco-2 cell monolayers Homovanillic alcohol

Oleu [2]

Isolated rat Intestine

HTyr, Tyr, HTyr acetate [3] Hepatoma HepG2 2 cells

Caco-2/TC7 3cell monolay- Homovanillic alcohol, gluta-

HTyr, Tyr, Oleu [4] ers thionylated HTyr

HTyr, Tyr, p-coumaric acid,
pinoresinol, luteolin [5]

-2/TC7 cell 1
Caco-2/TC7 cell monolayers tabolites

Human Caco-2 cell mono-

layers and isolated lumen of HTyr, HVAlc, glucuronated

Oleu aglycone, Olea. [6] rat intestine (jejunum and il- derivatives

eum)

Methylated and sulfated me-

HTyr transport occurred via a passive diffusion mechanism bidirection-
ally and in a dose-dependent manner.

Oleu was poorly absorbed from isolated perfused rat intestine.
Methylated and glucuronidated forms of HTyr were detected at 18 h of
incubation, together with methylglucuronidated metabolites. HTyr-ace-

tate was largely converted into free HTyr and subsequently metabo-
lized. Tyr was poorly metabolized, with <10% of the phenol glucuroni-
dated after 18 h.

HTyr and Tyr were transferred across human Caco-2 cell monolayers
and rat segments of jejunum and ileum and were subject to phase I/II
biotransformation. In contrast, there was no absorption of Oleu in either
model. However, Oleu was rapidly degraded by the colonic microflora
resulting in the formation of HTyr.

For HTyr the highest metabolism yield corresponded to the formation
of methyl HTyr, ranging from 10.7% to 18.6%, dependent on the incuba-
tion period. In addition, small quantities of sulfated and methyl-sul-
fated conjugates of HTyr were also formed after the 6 and 24 h of incu-
bation. Incubation of Caco-2/TC7 cells with Tyr resulted in slow conju-
gation; the methyl and sulfate conjugates were only quantifiable after
24 h of incubation showing similar metabolism yields toHTyr.
Compounds were relatively stable under gastric conditions, only un-
dergoing limited hydrolysis and were transferred across a human Caco-
2 cells. The compounds underwent extensive metabolism, most notably
a two-electron reduction and glucuronidation during the transfer across
both the ileum and jejunum.
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HTyr ethers (butyl, propyl, Differentiated Caco-2/TC7

ethyl, methyl) [7] monolayers

HTyr, HTyr acetate [8] ~ Caco-2/TC7 cell monolayers

Olive oil extract, thyme ex-
tract and their combination

9]

Caco-2 and HepG2 cell
models

HTyr as pure compound

and in alprerujo powder [10] Caco-2/TC7 cell monolayers

HTyr-glu, Tyr, caffeic, and In vitro digestion model and
p-coumaric acids [11] Caco-2/TC7 cells

Coculture model (Caco-
2/TC7 and HT29-MTX cell
lines)

HTyr [12]

Tyr, HTyr, HTyr acetate,
Oleu [13]

In vitro colon fermentation
of human feacal samples

HTyr and Tyr [14] GIDM-colon

The rate of metabolism increased according to the lipohilicity of the
Glucuronated and methylated ether derivative (butyl > propyl > ethyl > methyl). HTyr ethers are rap-
derivatives idly absorbed across, and partially metabolized by Caco-2/TC7 cell
monolayers.
The acetylation of HTyr significantly increases its transport across the
small intestinal epithelial cell barrier.

The bioaccessibility of HTyr was enhanced when both extracts were di-
gested. After Caco-2 cells exposure, no significant differences were ob-
served in HTyr transport.

The presence of foods significantly decreased HTyr bioaccessibility and
absorption, while B-cyclodextrin had no effect. The presence of other
compounds from alperujo in the intestinal compartment reduced HTyr
absorption by Caco-2 cells compared to pure standard.
B-cyclodextrin did not change the bioaccessibility of the selected phe-
nols. HTyr-glu and caffeic did not cross Caco-2 cell monolayers. 3-cy-
clodextrin moderately but significantly improved the local absorption
of Tyr and p-coumaric acid.

The higher the surfactants' concentration in the system the lower the
HTyr concentration that penetrated the constructed epithelium, indicat-
ing the involvement of the amphiphiles in the antioxidant's absorption
and its entrapment in the mucus layer.

The four individual phenols revealed (i) an increase in phenolic acids,
(ii) the stability of HTyr and Tyr and (iii) the high degradation of HTyr
acetate and Oleu in a faecal culture medium.

The catechol group played a key role in the metabolic fate of parent
compound HTyr and its metabolites. The ortho-hydroxyl group of
HTyr seems to promote autooxidation reactions through the formation
of ortho—quinones, which trigger a sequential chain of reactions leading
to a variety of metabolites. Tyr metabolites are degraded by the micro-
flora of the colon in a similar manner as HTyr.

HVAlc, HTyr acetate, HTyr
acetate-glu

Ferulic acid

Oxidized, ester, methylated,
dehydrogenated, dehydrox-
ylated derivatives of HTyr
and Tyr along with their di-
mer and trimer derivatives.

! Caco-2 cells: model system of the human intestinal epithelium; 2HepG2 cells: model system of the human liver; 3 TC7 cells: spontaneously differentiating clone derived from the

original Caco-2 cell population.

HTyr: hydroxytyrosol, Tyr: tyrosol, Oleu: oleuropein, Olea: oleacein, HV Alc: homovanillic alcohol, HTyr-glu: hydroxytyrosol glucuronide
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Table S2. Published literature on the metabolism of olive bioactive constituents through animal studies.

Substance of
administration
(concentration) / Subjects
/ way of administration

[reference].

metabolites in plasma metabolites in urine

Identified or measured Identified or measured Identified or measured Identified or measured
metabolites in faeces metabolites in tissues

Results and comments

HTyr, HTyr acetate, DOPAC

(1 and 5 mg/kg) / Sprague—
Dawley rats / orally [15].

Oleu (100 mg/kg) dissolved
in water / male Sprague-
Dawley rats /orally [16].

Oleu (5 mg/kg dissolved in
saline) / Sprague-Dawley
rats / intravenously [17].

Oleu (0.33/Kg) or with 1.1 g
per kg of extra virgin OO /
Wistar rats / orally [18].

HTyr, HTyr acetate ~ HTyr acetate, Tyr and
DOPAC HVAlc
Oleu aglycone, EA,
(Not analyzed) HTyr
Oxygenated metabolite
(Not analyzed) of Oleu
Oleu, HTyr, HTyr,
HVAlc, HVA and EA,  (Notanalyzed)

(Not analysed)

Oleu aglycone, EA,
HTyr, HVA

(Not analyzed)

(Not analyzed)

(Not analyzed)

(Not analyzed)

(Not analyzed)

(Not analyzed)

Different dosages of HTyr, HTyr acetate, and
DOPAC are efficiently absorbed in the gastro-
intestinal track and have similar metabolism.
Their bioavailability was strongly dependent
on the derivative considered, dosage, and
gender, while different dosages of HTyr,
HTyr acetate, and DOPAC do not provide a
linear dose- dependent plasma concentration
or excretion in urine.
De-glucosylation, hydrolysis, oxygenation
and methylation were found to comprise the
major metabolic pathway of Oleu in rat gas-
trointestinal tract and three metabolites were
absorbed into the blood circulatory system
within 24h after oral administration
Oxygenation was found to be the major meta-
bolic pathway of the Oleu in rat blood circula-
tory system after intravenous administration.
A LC-ESI MS/MS method was developed and
validated for the quantification of Oleu, sim-
ultaneously with its main metabolites, HTyr,
HVAlc, HVA and EA in rat plasma matrix.
After sustained low doses of Oleu or extra vir-
gin OO basal levels of HVAIc were found in
the blood stream and HTyr was not detected,
which indicates that it was metabolized to




Nutrients 2022, 14, 3773

50f11

HTyr, HVA, HTyr-sulf,
HVA-sulf, EA-sulf,

Secoiridoid extract (5 mg

phenol/kg) / male and fe- HTyr sulf, HVAlc sulf, HTyr-4-glu, HVA-glu,
male Wistar rats / orally EA glu EA-glu, methyl-Oleu
[19]. aglycone-sulf, Oleu,
Oleu aglycon-glu
Oleu (25 mg/Kg) dissolved
in sodium chloride /
o Oleu, HTyr (Not analyzed)
Sprague-Dawley rat/ via tail
vein injection [20].

HTyr, Oleu or secoiridodis HTyr, HTyr-sulf,

extract (5 mg/kg) / Wistar (Not analyzed)

HVAlc-sulf
rats / orally [21].

Tyr (11(1)0i 011; i(l)o Irig/l’;gl) la sna Tyr-4-sulf and another
SUSPENSION T POTYEHY €€ she unidentified me- Tyr-4-sulf

glycol / male Sprague-Daw-

ley rats / by gavage [22]. tabolite

Hydroxybenzoic acid,
huppuric acid, phe-
nylacetic acid

(Not analyzed)

(Not analyzed)

(Not analyzed)

HVAlc or oxidized as it is a very potent anti-
oxidant.

Analysis of stomach,
small intestine, caecum,
liver and kidney. Iden-

tification of HTyr,
HTyr-sulf, HVA, HVA-
sulf, HVAlc-sulf, EA-
sulf, Oleu, HTyr-glu,
HTyr-acetate-sulf, hy-

Compared to HTyr and Oleu aglycon and
Oleu showed greater stability during diges-
tion, and, consequently, the bioavailability
based on the urine excretion of HTyr metabo-

droxyphenylpropionic lites was higher. Oleu, as a glycoside mole-
acid, hydroxy- cule, reached the colon unaltered generating
phenylpropionic acid- more diverse microbial metabolites.
sulf, hydroxy-
phenylpropionic acid-
sulf, catechol, hippuric
acid.
A direct and sensitive reversed-phase high-
performance liquid chromatographic assay
(Not analyzed) with fluorescence detection was developed
for simultaneous quantification of bothOleu
and HTyr in rat plasma.
The brain uptake and accumulation of HTyr
and its metabolites (HTyr-sulf, HV Alc -sulf)
(Not analyzed) were observed after 21 days of rat diet supple-

mentation of HTyr in its native form or
through Oleu derivatives.
Analysis of heart,
kidney, spleen, lung, Tyr is absorbed rapidly and excreted via the
liver, epididymal kidney within 8 h. In particular, sulfation in
adipose tissue. the liver appears to be the major metabolic

Identification of Tyr- pathway of Tyr

sulf
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Olea (300mg/kg), HTyr (100

Olea was readily absorbed and metabolized to
mg/Kg),and Oleu (300 : ile. . y
mg/Kg)/ Wistar ST rats / HTyr, HVA, and HTyr, HVA, HVAIc, (Not analyzed) I?iiziiyos:o(;fglllz ﬁ?nT HTyr, HVA, and HVAlc in portal plasma.
&06 HVAlc Oleu 4 7Y Olea was not observed in the portal plasma,
oral and intravenous Oleu urine and bile.
administration [23].
Olive mill waste water (1, 5,
10 mg/Kg) / Male Sprague- HTyr was dose—d'ependently absorbed anle ex-
(Not analyzed) HTyr and HTyr glu (Not analyzed) (Not analyzed) creted in the urine mostly as a glucuronide
Dawley rats / gastric .
conjugate.
gavage
[24].
Analysis of brain, heart,
kidney, liver, lung,
HTyr, HTyr oxidized HTyr, HTyr oxidized, HTyr, HTyr oxidized fskelet‘al muscle, gastro- 90% of the z‘idmlmstered radioactivity is ex-
HTyr (14)C-labeled / rats / methylated and sul- intestinal content. Iden- creted in urine collected up to 5 h afterinjec-
and, methylated metab- . and methylated metab- ..~ . . . .
intravenously [25]. olites foconjugated metabo- olites tification of HTyr, DO- tion and about 5% is detectable in feces and
lites PAC, DOPAL, HVA, gastrointestinal content.
HVAlc and their sul-
fated derivatives.
Glucuronidation prevails at low HTyr doses
HTyr (1, 10 and 100 mg/Kg) close to human dietary intake, sulfation be-
suspended in refined oil/  HTyr, HTyr methyl- . comes very marked at higher doses, more rel-
N-acetyl-5-S-cysteinyl- .
male and female Spargue- ated, glucuronater and hvdroxvtvrosol (Not analyzed) (Not analyzed) evant in the context of supplemented foods or
Dawley rats / by intragastric sulfated derivatives y Yy nutraceuticals. Glutathione conjugates of
HTyr were reported to be formed in a dose-
gavage [26].
dependent manner.

HTyr (20 mg/Kg) dissolved A suitable methodology for pharmacokinetic
in water / Wistar rats / orally HTyr (Not analyzed) (Not analyzed) (Not analyzed) experiments was designed for the recovery of
[27]. HTyr from rats plasma
3,4-dihydroxyphenylglycol, Analysis of liver, kid- A novel and highly sensitive method was de-

3,4-dihydroxyphenyl- ’ veloped to determine, simultaneously, the
HTyr and Tyr (extracted (Not analyzed) (Not analyzed) ney, heart, muscle, tes- . .

glycol, HTyr and Tyr N concentration 3,4-dihydroxyphenylglycol,
from alperujo) / Rowett tes. Identification of 3,4-

HTyr and Tyr in plasma and tissues.
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Hooded Lister rats / orally dihydroxyphenylgly-
[28]. col, HTyr and Tyr.
Analysis of liver, kid-

HTyr-sulf, Tyr-sulf,
HTyr-glu, Tyr-glu,
Olive cake (dispenced in  QJey derivative, HVA-
water) / Wistar rats/ orally sulf, vanillic acid-sulf,
[29]. EA, hydroxybenzoic
acid, hydroxyphenyl
acetic acid, luteolin-glu.

HTyr (1, 10 and 100 mg/kg) /HTyr, HTyr-sulf, HTyr-
glu, HVA, HVA-sulf,

rats / orally [30]. HVA-glu

HTyr (23.5 mg and 25.5 mg)

Tyr (14.7 mg and 14.4 mg)/
yr 8 8 (Not analyzed)
Sprague-Dawley Rats/ orally

and intravenously [31].

(Not analyzed)

(Not analyzed)

HTyr and Tyr

(Not analyzed)

(Not analyzed)

HTyr and Tyr

ney, testicle, brain,
spleen, heart, thymus.
Identification of HTyr,
HTyr-sulf, HTyr-glu,
Tyr-suls, Tyr-glu, Oleu
derivative, vanillin-sulf,
cumaric acid-sulf, cu- After a single ingestion of olive oil
maric acid-glu, 4-hy-  phenolic compounds, these were absorbed,
droxy-3-methoxyo-  metabo- lized and distributed through the
henylacetaldehyde, va- blood stream to practically all parts of the
nillic acid, vanillic acid- body, even across the blood-brain barrier.
sulf, cafeic acid, cafeic
acid-sulf, HVA, HVA-
sulf, ferulic acid-sulf,
hydroxyphenylacetic
acid, enterolactone, en-
terolactone-sulf, enter-
olactone-glu, luteolin.
Analysis of liver, kid-
ney, heart and brain.
Identification of HTyr, HTyr is accumulated in a dose-dependent
HTyr-sulf, HTyr-glu, manner not only in urine and plasma, butalso
HVA, HVA-sulf, HVA- in the liver, kidney and brain
glu, HVAlc, HVAlc-glu,
HV Alc-sulf.

Oral bioavailability for HTyr was estimated at
99% when administered in an olive oil solu-
tion and 75% in an aqueous. Oralbioavailabil-
ity was estimated at 98% when Tyr was ad-
ministered in an olive oil solution and 71%in
an aqueous.

(Not analyzed)
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Oleo (0.1 mg/mL) in

transport medium / Oleo, Oleo + OH, Oleo
Sprague-Dawley rats /  + H20, Oleo + Hz2+ glu,
Single-pass intestinal Oleo + H:0 + glu
perfusion [32].
Oleo (0.3 mg/ mL refined  Qjeo, Tyr, Oleo + He,
olive oil) / Sprague Dawley Oleo + OH, Oleo + OH
rats / orally [33]. +H:0, Oleo + H:0

Olea, HTyr, Olea + Ho,
Olea (0.15 mg/mL HBSS) / Olea + OH, Olea + H20,

S Olea + CHs, Olea + OH
prague-Dawley rats /
- _ ol + CHs, Olea + H20 +
single-pass intestina CHs, Olea + Hz+ glu,
perfusion [34]. Olea + H20 + glu, Olea
+H20 + CHs + glu

(Not analyzed)

(Not analyzed)

(Not analyzed)

(Not analyzed)

(Not analyzed)

(Not analyzed)

Analysis of intestinal ~ Oleo has a moderate-to-low oral absorption;
lumen samples. Identi- Oleo was poorly absorbed in the intestine, as
fication of Oleo, Oleo + indicated by the low effective permeability co-
OH, Oleo + H20, Oleo +efficient (2.23 + 3.16 x 10-5 cm/s) and apparent

Hz+glu, Oleo + H2O +  permeability coefficient (4.12 +2.33 x 10-6

glu cm/s).
Oleo was only detected in the stomach and in-
testine samples. Moreover, at 2 and 4.5 h, the
Analysis of brain, heart, concentration in the stomach decreased by
intestine, kidneys, liver, 36% and 74%, respectively, and in the intes-
lungs, skin, spleen,  tine by 16% and 33%, respectively. Ten Oleo
stomach, thyroids.  metabolites arising from phase I and phase II

Identification of Oleo,
Tyr, Oleo + Hz, Oleo + were widely distributed in rat tissues, and the
OH, Oleo + OH + H20, most important metabolizing organs were the

Oleo + H20. small intestine and liver. The two main circu-
lating metabolites were the conjugates Oleo +
OH + CHs and Oleo + H20 +glu.

reactions were identified. The metabolites

Analysis of lumen and
ileum tissue. Identifica- Olea was mostly metabolized by phase I reac-
tion of HTyr, Olea + Hz tions, undergoing hydrolysis and oxidation,
Olea + OH, Olea + H20, and metabolite levels were much higher inthe
Olea + CHs, Olea + OH plasma than in the lumen. Olea was well ab-
+CHjs, Olea + H2O+  sorbed in the intestine, with an intestinal per-
CHs, Olea + H2+ glu, meability similar to that of the highly permea-
Olea + H20 + glu, Olea ble model compound naproxen.
+ H>O + CHs + glu.

HTyr: hydroxytyrosol, DOPAC: dihydroxyphenylacetic acid, Tyr: tyrosol, Oleu: oleuropein, EA: elenolic acid, HVA: homovanillic acid, HVAlc: homovanillic

alcohol, OO: olive oil, sulf: sulfate, glu: glucuronide, DOPAL: dihydroxyphenylacetaldehyde.
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