J OURNAL O

AGRICULTURAL AND

FOOD CHEMISTRY

pubs.acs.org/JAFC

Secoiridoid Type of Antiallergic Substances in Olive Waste Materials
of Three Japanese Varieties of Olea europaea

Akihiko Sato,” Noboru Shinozaki,* and Hirotoshi Tamura*"*

"The United Graduate School of Agricultural Sciences, Ehime University, 3-5-7 Tarumi, Matsuyama, Ehime 790-8566, Japan
*The Graduate School of Agriculture, Kagawa University, 2393 Ikenobe, Miki-cho, Kagawa 761-0795, Japan

ABSTRACT: 2-Hydroxy-3-ethylidene-5-(methoxycarbonyl)-3,4-dihydro-2H-pyran-4-acetic acid 2-(3,4-dihydroxyphenyl)ethyl
ester (3,4-DHPEA-EA) is a kind of secoiridoid first found in three Japanese olive pomaces: Mission, Lucca, and Manzanillo.
These varieties showed high activity of 3,4-DHPEA-EA as an antiallergic active substance with ICsj at 33.5 & 0.6 ug/mL. Because
3,4-DHPEA-EA was the most abundant among the active substances in the pomaces and the activity of 3,4-DHPEA-EA was
greater than that of hydroxytyrosol and elenolic acid, 3,4-DHPEA-EA, which has the ester linkage of hydroxytyrosol and elenolic
acid, should be essential for antiallergic activity. Although a trace amount (1.04 mg/kg) of luteolin in the pomace showed the
highest antiallergic activity with ICg, at 0.752 + 0.1 pg/mL, we concluded that the entire antiallergic effect derives from the
abundance of 3,4-DHPEA-EA, especially in the green olive pomace of the Mission variety in October, which showed the highest
level of 3,4-DHPEA-EA (5033 + 118 mg/kg). Therefore, the Mission variety had the most effective antiallergy property.
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B INTRODUCTION

Food allergies are serious problems for many people around the
world," especially for the increasing number of patients who
suffer from many kinds of allergies in urban areas.” Food
additives, air pollution, and changes in food habits are believed
to influence directly or indirectly the high incidence of food
allergies. Therefore, nowadays, food ingredients that may cause
immunological inflammatory diseases must be indicated on
food packaging in Japan, the U.S.A.,, and other countries.

Histamine analogues that inhibit immune reactions of
allergies as antagonists have, until now, been developed as
new drugs. However, histamine analogues may have side effects
in patients® because of high similarity with chemical mediators
that may have biological effects and higher affinity to the
functions of human cells. Therefore, new drugs that protect
against histamine release for the decrease in chemical mediators
in the human body are being explored as a new phase in the
development of medicinal drugs. Because degranulation of
RBL-2H3 cells is linked to the release of hexosaminidase and
histamine, many researchers observe the suppression of
hexosaminidase release in developing antiallergic activity
drugs.* Perilla (shiso in Japanese) leaves are commonly used
in Japan and China for folk medicine, and the antiallergy effect
using f-hexosaminidase release inhibitory activity is one of the
functions of Perilla leaf extract.’

Flavonoids, curcumin, phenylpropanoids, and other phyto-
chemicals are well-known as antioxidant,®” anticancer,”® and
antiallergic'®™'* substances. Matsuda et al. compared the effects
of various flavonoids as potent chemicals for antiallergy drugs.
Various kinds of plant flavonoids and their related metabolites
have been investigated as functional substances for antiallergy
drugs. However, using the metabolites of those chemicals in
humans has not been fully tested. The absorption rate of some
flavonoid aglycones and their glycosides in the small intestine
may be, for example, still low, unclear, or under discussion.'®
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Medicines and drugs should have an intermediate polarity
(log P < 5) and hydrogen donors less than S (NH and
OH groups) to have higher absorption rates.'*

Olives and grapes are fruit that are used to make olive oils
and wine, respectively, the processing of which typically results
in a huge amount of waste material remaining. To improve the
productivity of olive oil and wine processing, using the waste
material is being promoted. These days, it is indispensable to
find new ways of using olive and grape waste material to
promote higher production of olive oils and wines from the
same amount of fruit.

Olive leaves have been used for olive tea in Italy and other
countries, including Japan, to add to the benefit of thinning
leaf."> Furthermore, many reports in scientific journals indicate
that olive fruit has many substances with biological activities,
such as anti—inﬂammatory,16 antioxidant,'” antiatherogenic,18
and anti-Helicobacter pylori activities,'® whitening of human
skin,”**" etc. Oleuropein, hydroxytyrosol, and verbascoside are
specific and common chemicals in the pomace and leaves, and
the biological activities shown above are partly attributed to
those metabolites and have recently attracted attention.
However, little detail on the antiallergic effects of olive waste
material has been reported thus far.

In this paper, we demonstrate the usefulness of olive waste
material and clarify the antiallergic effects of the metabolites.

B MATERIALS AND METHODS

Olive Fruit. The Mission variety of green olive fruit (2.3 kg) was
harvested from Shodoshima Olive Park in December 2009 and was
used to determine the chemical structure of antiallergic substances.
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Three varieties of olive fruit (Mission, Manzanillo, and Lucca) were
harvested (1-2 kg) from the Arai Olive Co., Ltd. in October,
November, and December 2011 on Shodoshima Island, Kagawa
Prefecture, Japan, for quantitatively measuring target chemicals during
maturation.

Chemicals and Reagents. Dulbecco’s modified Eagle’s medium
(D-MEM), phosphate-buffered saline (PBS) (—), and Triton X-100
were obtained from Wako Pure Chemical Industries, Ltd. (Osaka,
Japan). Fetal bovine serum (FBS) was obtained from Equitech-Bio
(Kerrville, TX). Antibiotic—antimycotic 100X was obtained from
Invitrogen (Grand Island, NY). Mouse monoclonal anti-dinitrophenyl
(DNP) antibody, albumin dinitrophenyl (HSA), Tyrode’s salt
solution, and p-nitrophenyl-2-acetamido-2-deoxy-f-p-glucopyranoside
(p-NAG) were obtained from Sigma-Aldrich (St. Louis, MO). Bovine
serum albumin (BSA) was obtained from Jackson ImmunoResearch
Laboratories (West Grove, PA). Verbascoside, hydroxytyrosol,
oleuropein, and luteolin were purchased from Extrasynthése (Genay,
France) and used without further purification.

Preparation of the Media and Samples. DMEM including 10%
FBS and 1% antibiotic—antimycotic 100X was used as a base medium.
Modified Tyrode’s (MT) buffer was prepared by dissolving N-2-
hydroxyethylpiperazine-N'-2-ethanesulfonic acid (HEPES) (4.76 g/L)
and BSA (1 g/L) in Tyrode’s salt solution. Anti-DNP IgE solution
(antibody) was prepared by diluting mouse monoclonal anti-DNP
antibody with the base medium (50 ng/mL). HSA solution (antigen)
was prepared by dissolving HSA in MT buffer (2.5 pg/mL). The
samples tested were dissolved in dimethyl sulfoxide (DMSO), and the
solutions were added to MT buffer (final DMSO concentration was
adjusted at 0.1%).

Extracts from Olive Fruit. Olive fruit (2.3 kg, Mission variety,
December 2009) was crushed using a hand mixer. The crushed olives
were then transferred to a 100% cotton bag, and the fruit juice and oil
were separated from the pomace by compression. The pomace was
then soaked in 100% methanol (700 mL) 3 times. The total methanol
extracts (2.1 L) were obtained after the extraction. The oil separated
from the methanol extracts was recovered again from hexane extracts
by partition with 100% methanol and 100% hexane. Both solvents
were removed under vacuum. Finally, 69 g of olive pomace extract was
obtained from the methanol solution.

Extraction Using the Quick, Easy, Cheap, Effective, Rugged,
and Safe (QUEChERS) Method. In quantitative comparison of olive
metabolites in different varieties and seasons, the extraction was
performed by the QuUEChERS method that was usually used in
residual agricultural chemicals analysis.”*** Olive fruit (100 g) was
chopped in a food processor. A total of 10 g of the chopped sample
was placed into a polypropylene centrifuge tube (S0 mL), and 10 mL
of acetonitrile was then added. The mixture was homogenized for
3 min. A total of 1 g of sodium chloride, 1 g of trisodium citrate
dihydrate, 0.5 g of disodium hydrogen citrate sesquihydrate, and 4 g of
anhydrous magnesium sulfate were added to the solution, and the
mixture was immediately hand-shaken for 1 min. Finally, the mixture
was centrifuged at 3000 rpm for S min. Hexane (10 mL) was added to
the recovered acetonitrile layer to remove the remaining oil and
chlorophylls. The acetonitrile extract obtained was dried using an
evaporator with a vacuum pump. Solid acetonitrile extract (205.35 mg)
was obtained from 10 g of green Mission olive in October 2011.

Fractionation of the Methanol Extracts from the Olive
Pomace. The fractionation was performed by an Amberlite XAD-7
column according to Goto et al,”* who applied for the separation of
anthocyanins. The separation of the olive pomace extracts (34.5 g)
using an Amberlite XAD-7 column was started from 20% methanol
(500 mL), and then 2 L each of 40% methanol, 60% methanol, 80%
methanol, and 100% methanol were applied to the column in this order, as
shown in Figure 1. Eluents (950 mL each of fractions 1—9) were collected
using column chromatography. Each extract was dried under vacuum.

Isolation of 2-Hydroxy-3-ethylidene-5-(methoxycarbonyl)-
3,4-dihydro-2H-pyran-4-acetic Acid 2-(3,4-Dihydroxyphenyl)-
ethyl Ester (3,4-DHPEA-EA) and Elenolic Acid from Fractions 7
and 4. To isolate 3,4-DHPEA-EA, fraction 7 (50 mg) was purified
using a high-performance liquid chromatography (HPLC) S um
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Figure 1. Extraction and fractionation from the Mission variety of
green olive fruit harvested in December 2009.

octadecylsilane (ODS) column with a mixture of 16% acetic acid and
20% acetonitrile in water at a flow rate of 1 mL/min and an ultraviolet
(UV) wavelength of 290 nm. Finally, 20 mg of pure 3,4-DHPEA-EA
with 97% purity was isolated after drying under vacuum. To isolate
elenolic acid, 50 mg of fraction 4 was purified using a HPLC S pm
ODS column with a mixture of 8% acetic acid and 10% acetonitrile in
water at a flow rate of 1 mL/min and at an UV wavelength of 250 nm.
Finally, 10 mg of pure elenolic acid with 90% purity was isolated after
drying under vacuum.

Physical data of 3,4-DHPEA-EA: UV 1., 243 and 279 nm;
electrospray ionization—mass spectrometry (ESI-MS) (intensity of
fragment ions), m/z 137 (100), 158 (68), 213 (57), 225 (30), 229
(12), 379 (72, [M + HJ*, C;oH,;04; found, 379.1373; calculated,
379.1393).

Physical data of elenolic acid: UV 4,,,, 243 nm; ESI-MS (intensity
of fragment ions), m/z 95 (80), 127 (100), 139 (65), 165 (30), 209
(11), 241 (70, [M—H]~, C,;H;504 found, 241.0708; calculated,
241.0712).

Nuclear magnetic resonance (NMR) data of 3,4-DHPEA-EA and
elenolic acid are shown in Table 1.

Analytical HPLC. The HPLC analysis was performed by the
following conditions according to Asada et al.>> The HPLC system
was comprised of a 250 X 4.6 mm COSMOSIL 5C3-AR II column,
coupled to a JASCO MD 2010 Plus photodiode array (PDA) detector
and double JASCO PU-980 pumps. Chromatograms were obtained
from UV absorbance at 290 nm. The column temperature was set at
40 °C. The flow rate was 1 mL/min. The mobile phase used was a
mixture of 2% acetic acid, 2.5% acetonitrile, and 1.5% phosphoric acid
in water (A) and a mixture of 20% acetic acid, 25% acetonitrile, and
1.5% phosphoric acid in water (B). The total analytical time was
41 min, and the gradient was performed as follows: from 100 to 0% A
for 35 min, and 0% A was kept for 5 min. For preparative HPLC,
the HPLC system consisted of a 10 X 250 mm Develosil 5 ym
ODS column, coupled to a JASCO 875-UV detector (290 nm for 3,4-
DHPEA-EA and 250 nm for elenolic acid) with a JASCO PU-980
pump at 1 mL/min. For the preparative HPLC, non-volatile phos-
phoric acid was removed from the solvents described above.
Hydroxytyrosol, 3,4-DHPEA-EA, elenolic acid, luteolin, verbascoside,
and oleuropein were dissolved in dimethyl sulfoxide and then diluted
to prepare a standard solution (0.067—0.5 pg/mL) for making the
calibration curve of each chemical.

Hydrolysis of 3,4-DHPEA-EA. The hydrolysis of 3,4-DHPEA-EA
was performed by hydrochloric acid according to the study by Davidek
et al.>® Fraction 7 extract (50 mg) containing 3,4-DHPEA-EA was
dissolved in 1 mL of 1% HCI aqueous solution and left for 24 h at
room temperature. The product and 3,4-DHPEA-EA were quantita-
tively monitored using a HPLC S ym ODS column.
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Table 1. Chemical Shifts (§) of Compounds 3 and 6 and Literature Data of Elenolic Acid and 3,4-DHPEA-EA

compound 3 compound 6

reference data®

elenolic acid®! (55,8R,9S)-3,4-DHPEA-EA*

5 'H 5 BC 6 'H
atom  (ppm) J (Hz) (ppm)  (ppm) J (Hz)

1 961 s 199.74 947 d,J=138

3 762 s 156.97 755 d, J=072

4 106.45

5 335 dd, J =276, 27.90 336 m,J =072 342,
11.04 4.80, 8.94

6 4227  dd, ] =11.04, 3835  a252  dd, ] =894, 1578
16.50

b295 dd,J =276, b2.86 dd,J =342, 1578

16.50

7 176.09

8 420 q,J=690 69.66 443 quin, J = 5.52, 6.84

264 s 50.96 254 d,J=138, 480,552

10 156  d,J =690 17.96 136 d,] =684

11 167.18

12 370 s 51.50 371 s

1 425 m,]=618

2 279 dt, =618

3

4 674 d,J=138

5

o

7’ 676 d,J=828

8/ 658 dd, =138 828

5 BC 5 'H & BC 5 'H 5 BC
(ppm)  (ppm) (ppm)  (ppm) J (Hz) (ppm)
200.36 9.60 s 199.40 945 d,J=15 201.34
155.92 763 s 156.66 751 d4,J=13 154.75
106.37 105.90 107.11
2697 335 m 28.90 329 m, ] =13 37, 26.70
49,97
3717 a232 dd 3780 a251 dd,J=97, 159 37.28
b285 dd b276 dd, ] =37 159
172.03 170.20 172.49
70.81 420 g 69.62 453 quin, J= 50,67 7105
54.29 269 s 50.96 254 dt, J = 1S, 49, 54.33
5.0
19.36 149 d 17.88 134 d,J=67 19.17
167.72 167.34 167.65
51.69 375 s 51.48 365 s 51.42
65.32 421 dt, J =67, 146 65.50
34.25 276 t,]=67 34.39
13027 130.55
116.10 669 d,J=21 116.38
142.95 145.10
143.65 144.20
115.26 672 d,J=81 115.85
121.14 656 d,J=21,81 121.19

“NMR data of compounds 3 and 6 with elenolic acid and (5S,8R,9S)-3,4-DHPEA-EA.

pB-Hexosaminidase Release Assay of RBL-2H3 Cells. For the
amount of f-hexosaminidase release by basophilic leukemia cells, RBL-
2H3 was determined using a previous method with some
modifications.”*” RBL-2H3 were obtained from RIKEN BioResource
Center Cell Bank (Ibaraki, Japan). The RBL-2H3 cells in the base
medium (DMEM containing 10% FBS and 1% antibiotic—antimycotic
100X) were dispensed into a 24-well plate (2.5 X 10° cells/well) and
were incubated overnight at 37 °C under a humidified 5% CO,
atmosphere. After the cells were washed with 1 mL of PBS, they were
incubated with 500 uL of antibody solution (mouse monoclonal anti-
DNP antibody, S0 ng/mL dissolved in base medium) for 2 h of
sensitization. A test sample solution of 490 uL was added to the well
after washing twice with S00 yL of MT buffer (Tyrode’s salt solution
containing 1 g/L BSA and 4.76 g/L HEPES). The MT buffer was used
as a control instead of the sample. The test sample was dissolved in
DMSO and diluted with MT buffer (the final concentration of DMSO
was set at 0.1%). After 10 min of incubation, albumin dinitrophenyl
(10 pL, final concentration of SO ng/mL) was added to each well and
the cells were incubated for 30 min to evoke allergic reactions
(degranulation). The reaction was stopped by cooling in an ice bath
for 10 min. The supernatant (50 L) was transferred to a 96-well plate
and incubated with 100 uL of substrate (3.3 mM p-nitrophenyl-2-
acetamide-2-deoxy-f-p-glucopyranoside) in 0.1 M citrate buffer
(pH 4.5) at 37 °C for 25 min. The reaction was terminated by
adding 100 uL of stop solution (2 M glycine buffer at pH 10.0). The
absorbance (OD) was measured at 405 nm using a microplate reader
(Thermo Scientific Multiskan FC, Yokohama, Japan). The gaining OD
reflects f-hexosaminidase release. The calculation was performed using
eqs 1 and 2 shown below. To obtain a valid value, the factors that are
not typically induced by samples need to be excluded. In “blank”,
neither antibody solution nor sample was added to the cells to confirm
spontaneous f-hexosaminidase release from the cells. In “control”,
MT buffer instead of samples was added to the cells to confirm
P-hexosaminidase release from the cells in conditions without a
sample. In “total”, the cells were lysed in 0.1% Triton X-100 in MT
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buffer to confirm the total amount of f-hexosaminidase contained in
the cells. In “sample”, both antibody solution and samples were added
to the cells to confirm f-hexosaminidase release from the cells in these
conditions.

ratio of f-hexosaminidase release (%)

_ (ODcontrol or ODsample - ODblank) % 100
(ODtotal - ODbl:mk) (1)
ODsample - ODblank
B-hexosaminidase release (%) = 100
(ODcontro[ - ODblank)
)

The ratio of f-hexosaminidase release of “control” should be greater
than 25%.

pB-Hexosaminidase Inhibitory Activity Assay. f-Hexosamini-
dase inhibitory activity was measured according to previous methods,
with some modifications.'®™"> RBL-2H3 cells were grown in base
medium. The cells were lysed in 0.1% Triton X-100 (5.0 X 10° cells/mL).
The cell lysate (25 pL) was transferred to a 96-well plate. The tested
solutions were diluted in different concentrations with MT buffer and
then added to the sample well (25 xL); MT buffer was added to the
control well (25 uL). Following that, 100 uL of 0.1 M citrate buffer
(pH 4.5) containing 3.3 mM p-NAG (substrate) was added to each
well and incubated for 25 min at 37 °C. The reaction was stopped by
adding 100 uL of 2 M glycine buffer (the stop buffer solution) at pH
10.0 to each well. The absorbance (OD) of each reaction was measured at
405 nm using a microplate reader (Thermo Scientific Multiskan FC,
Yokohama, Japan). The inhibitory activity of p-hexosaminidase was
calculated using the following equation:

ODsample
B-hexosaminidase inhibitory (%) = |1 — ———— | x 100

control

©)
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NMR Analysis. 'H, 13C, distortionless enhancement by polarization
transfer (DEPT)-45, DEPT-90, DEPT-13S, correlated spectroscopy
(COSY), heteronuclear correlation (HETCOR), and heteronuclear
multiple-bond connectivity (HMBC) NMR spectra were recorded
with a 600 MHz JNM-ECA spectrometer, dissolving samples in
deuterated chloroform with tetramethylsilane (TMS, Isotec, Taiyo
Nippon Sanso Corp., Ltd,, Tokyo, Japan) as an internal standard.

Mass Spectrometry (MS) Analysis. Mass spectra of 3,4-DHPEA-
EA and elenolic acid were measured using liquid chromatography/
electrospray ionization quadrupole time-of-flight mass spectrometry
(LC/ESI-Q-TOF-MS) analysis using an Acquity UPLC/Xevo QTof
MS system (Waters). Chromatographic separations were conducted
using an Acquity UPLC BEH Cg (1.7 pm, 2.1 X S0 mm) column
(Waters). The instrument was operated with ESI source in negative-
ion mode (elenolic acid) and positive-ion mode (3,4-DHPEA-EA).

Statistical Analysis. Statistical analysis was carried out using EZR
(version 1.23) with the Tukey test [one-way analysis of variation
(ANOVA)]. The values represents the mean =+ standard deviation
(SD) in triplicates at least. Significant differences was set at p < 0.0S.

B RESULTS AND DISCUSSION

Isolation and Identification of Antiallergic Active
Compounds. The pomace portion showed significant
suppression of f-hexosaminidase release (Figure 2) compared
to the oil and juice. Therefore, the pomace extracts were further
separated into nine fractions with an Amberlite XAD-7 column

—
=3
>
2—

g o - -
Fl
g 80 é‘b ......................... A
2
2
:E 60 -4~ pomace
é . -0 juice
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Figure 2. Antiallergic activity of olive extracts, such as pomace, oil, and
juice, of Mission green olive fruit. Each value represents the mean +
SD (n = 4). Means with different letters are significantly different
(p < 0.05).

chromatograph using solvents from 20% methanol to 100%
methanol stepwise, as shown in Figure 1. The residues from
pomace, oil, and juice were 69.0 g, 46.6 g and 57.5 mlL,
respectively. Antiallergic activities of each fraction at the
200 pug/mL concentration found that fraction 7 exhibited the
lowest fS-hexosaminidase release (12.8 + 5.3%), followed by
fraction 6 (39.2 + 2.1%), with significant differences (p < 0.05),
while other fractions exhibited f-hexosaminidase release over
65% (Figure 3). Thus, fractions 1—3 did not show any
antiallergic activity. On the other hand, fractions 4, S, 8, and 9
showed some activity.

The nine fractions of the pomace extracts, the oil, and the
juice were analyzed using HPLC, and the retention times and
UV spectra obtained from a PDA detector were compared to
known authentic and commercially available chemicals, as
shown in Figure 4. There were large numbers of major peaks of
chemicals (compounds 1—6) in the pomace of the olive fruit
(Figure 4A), but there were none of those substances in the oil
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Figure 3. Antiallergic activity of each fraction of Amberlite XAD-7

column chromatography. Each value represents the mean + SD
(n = 4). Means with different letters are significantly different (p < 0.05).

and juice. Thus, hydroxytyrosol (1), which has significant
antioxidant®® and whiteningzo’21 activities, was found in
fractions 2 and 3 as a main chemical (Figure 4B). Verbascoside
(2) was found in fractions 4 and S. Oleuropein (4), which is a
major compound in olive leaves, was found in fractions 4 and S.
A small amount of luteolin (5), which has been reported in
many papers' »>>*° as one of the most powerful antiallergic
compounds, was detected in fractions 8 and 9.

Fractions 6 and 7, which had significant antiallergic activity,
showed a marked peak as compound 6. The antiallergic active
compound in these two fractions was newly determined by MS
spectra and NMR analyses.

Determination of the Structure of the Antiallergic
Active Substance, Compound 6. Compound 3 in fraction 4
was purified using a 5 um ODS preparative HPLC column.
Mass spectra data of compound 3 showed the molecular ion at
m/z 241.0708 ([M — H]", negative-ion mode) using high-
resolution HPLC—TOEFMS, giving the molecular formula as
C,;H,,04 for compound 3. >C NMR (DEPT) and 'H NMR
data made it possible to assign 11 carbon, 14 hydrogen, and 6
oxygen atoms in the molecule. *C NMR signals at 167.18,
176.09, and 199.74 ppm indicated two carboxylic acid or ester
groups and carbonyl aldehyde. These data explain the existence
of § oxygen and 3 carbon atoms in the molecule. *C NMR
signals at 106.45 ppm (C) and 156.97 ppm (CH) indicated one
double bond (C=CH-). Furthermore, DEPT analysis of signals
at 69.66 and 51.50 ppm supported the existence of methoxy and
methine groups with oxygen. Because two carboxylic acid or ester
groups were found in the molecule, the methoxy group at position
12 should be part of the ester group (—COOMe). The methine
group should not be the part of ester but part of the ether group.
Other fragments of the molecule were one methyl group, one
methylene group, and two methine groups.

The partial structure of fragment a in Figure 7 clarified the
linkage of the partial structure of compound 3 from the '"H—'H
COSY spectrum. Thus, the CH—O— group at position 8 was
connected to one methyl group (at position 10 on the molecule),
and one methine group (position 9) was coupled with one
aldehyde group. The methine group at position 9 was related to
the methine group at position 5 and then followed by the
methylene group at position 6. Finally, one carboxylic acid at
position 7 of the partial structure of fragment a was determined by
HMBC data, as shown in Figure 7. Thus, HMBC measurement
determined that the 176.09 ppm carbon signal (COO—) showed a
strong cross-peak with the 2.27 and 2.95 ppm signals at H-6a and
H-6b (C-6, 38.35 ppm ">C NMR, methylene group).

For the partial structure of fragment b, HMBC data showed a
strong correlation between the 167.18 ppm carbon signal

dx.doi.org/10.1021/jf502151b | J. Agric. Food Chem. 2014, 62, 77877795
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Figure 4. (A) HPLC chromatograms of extracts of pomace, oil, and juice. (B) HPLC chromatograms of nine fractions (4 = 290 nm). Compounds 1,
2, 4, and S were identified as hydroxytyrosol, verbascoside, oleuropein, and luteolin, respectively, by comparing their retention times and UV spectra

of each peak to those of authentic compounds.

(COOMe) at position 11 and the 7.62 ppm signal at H-3 (C-3,
156.97 ppm C NMR) and the 3.35 ppm signal at H-5 (C-5,
27.90 ppm *C NMR). Furthermore, the COOMe group
(fragment b) at position 11 was connected with C=CH-—
(Figure 7A) in the same manner. Finally, when fragments a and
b are combined, the molecular formula of compound 3 was
confirmed to be elenolic acid by comparing the MS spectra,
spectra of 'H and *C NMR,*" and UV spectra (A, of elenolic
acid = 239 nm)** (Figure 6).

Compound 6 (50% purity at 290 nm) in fraction 7 was
hydrolyzed using 1% HCI for 24 h at room temperature to give
elenolic acid and hydroxytyrosol (Figure SA). The percentage
of hydroxytyrosol calculated by standard curve was 24.3% in
fraction 7 after hydrolysis. Elenolic acid was detected at 250 nm
and found in a small amount in the hydrolysate and also in
fractions 3—5 (Figure SB).

Compound 6 should be an ester of hydroxytyrosol and
elenolic acid because compound 3 and hydroxytyrosol were
released by acid hydrolysis (Figure SA). The chemical structure
of compound 6 was determined by interpreting the mass
spectra data and 'H and "*C NMR spectra, individually. The
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mass spectra data of compound 6 showed the molecular ion at
m/z 379.1373 ([M + HJ*, positive-ion mode) using high-
resolution HPLC—TOEMS, giving the molecular formula as
C,oH,0; for compound 6. This molecular weight corresponds
to the dehydrated compound of compound 3 (C,;H,,0¢) and
hydroxytyrosol (CgH;,0;). Because the HMBC spectrum of
compound 6 showed cross-peaks between C-7 and H-1’
(Figure 7B), compound 6 should be 3,4-DHPEA-EA.>>*

Antiallergic Active Compounds in Olive Pomace.
Table 2 shows the antiallergic activities among the metabolites
identified in olive pomace. Luteolin showed the highest anti-
allergic activity and is expressed as ICsq at 0.752 + 0.1 pg/mL.
The second highest activity was observed with 3,4-DHPEA-EA,
with ICyj at 33.5 + 0.6 ug/mL. Because the activities of hydro-
xytyrosol and elenolic acid were weaker than 3,4-DHPEA-EA,
the ester linkage of the two molecules should enhance the
antiallergic activity several times.

Furthermore, the antiallergic activity of 3,4-DHPEA-EA was
30 times greater than that of oleuropein. It was reported that
the glycoside linkage decreased the activity because many
flavonoids show greater activity in the aglycone of flavonoids.
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Figure S. (A) HPLC chromatograms of fraction 7 before and after hydrolysis (4 = 250 and 290 nm). (B) HPLC chromatograms of fractions 3—5

(4 =250 nm).
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Figure 6. UV absorption spectra of the antiallergic substance in olive from the PDA detector of HPLC analyses. Sources of UV spectra: compound 1
(from fraction 3), compounds 2 and 4 (from fraction S), and compound § (from fraction 9). A, of each compound is as follows: compound 1,
235 and 279 nm; hydroxytyrosol, 235 and 279 nm; compound 2, 239, 287, and 331 nm; verbascoside, 235, 287, and 331 nm; compound 4, 239 and
279 nm; oleuropein, 239 and 279 nm; compound $, 239, 267, and 347 nm; and luteolin, 239, 267, and 347 nm.

The antiallergic activities of 3,4-DHPEA-EA (secoiridoid
aglycone) and oleuropein (its glucoside) in olive pomace were
consistent with those of flavonoids reported elsewhere.'%**

Each metabolite was tested for the enzyme inhibition rate of
hexosaminidase itself. No enzyme inhibition was observed.
Therefore, each metabolite inhibits the release of hexosamini-
dase from RBL-2H3 cells but did not inhibit the activity of
hexosaminidase.

Finally, the total antiallergic activities of the isolated compounds
were compared among all metabolites, as shown in Table 2.
34-DHPEA-EA showed significant antiallergic activity because of
its low IC, and was more abundant in the olive pomace than in
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luteolin. p-Hydroxyphenyl ethanol-decarboxymethyl elenolic acid
ester dialdehyde [oleocanthal, p-HPEA-EDA, 3-(2-oxoethyl)-4-
formyl-4-hexenoic acid 4-hydroxyphenethyl ester], one of the
anti-inflammatory substances,'® and 3,4-dihydroxyphenyl ethanol-
decarboxymethyl elenolic acid ester dialdehyde [3,4-DHPEA-EDA,
3-(2-oxoethyl)-4-formyl-4-hexenoic acid 3,4-dihydroxyphenethyl
ester] are secoiridoid compounds in some olives. In further
research, we identified oleocanthal and 3,4-DHPEA-EDA in only
trace amounts in the pomace of Japanese Mission olive (data not
shown; retention times of 3,4-DHPEA-EDA and oleocanthal were
25.6 and 31.2 min under the same analytical conditions shown in
Figure 4, respectively).

dx.doi.org/10.1021/jf502151b | J. Agric. Food Chem. 2014, 62, 77877795
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Figure 7. Chemical structure of (A) compound 3 and (B) compound
6 in olive.

The bioavailability of 3,4-DHPEA-EA and luteolin requires
turther study, especially in terms of antiallergic activity and the
absorption rate of chemicals."> 3,4-DHPEA-EA is soluble in
ethanol, diethyl ether, or other organic solvents, but luteolin
can be resolved only in ethanol or ethanol containing water but
not in diethyl ether. There may be big differences in solubility,
absorption efficiency, and affinity of 3,4-DHPEA-EA and

luteolin in neutral aqueous solution and physiological pH in
the small intestine. Therefore, actual bioavailability in humans
should be further studied.

Comparison of Active Chemicals in Three Kinds of
Olive Fruit Using the QUEChERS Method. The QuEChERS
method is commonly used to quantitatively analyze food
residues and agrochemicals. The operation for solvent
extraction, moisture removal, and recovery of agrochemicals
can be performed simply and quickly. It is also suitable for a
series of analyses of several samples.””*> Therefore, the
QuEChERS method to analyze the active chemicals in olive
pomace was selected as an appropriate extraction procedure for
samples (about 10 g) of three varieties of olive leaves in
different seasons. The comparative analysis of the antiallergic
substances in olive fruit is shown in Table 3. Of the three varieties
used in this study, the green olive fruit of the Mission variety
in October had the highest concentration of 3,4-DHPEA-EA
(5033 + 1.18 mg/10 g of olive fruit) as determined by
quantitative analysis using ODS—HPLC and then decreased with
the change in seasons. On the other hand, the amounts of
hydroxytyrosol and elenolic acid increased when the harvesting
period was delayed to November or December. To obtain
efficient amounts of antiallergic substances, early harvest in
October at the green stage of maturation was found to be
the most important factor. Indeed, the antiallergic activities
(ICy values) of the fruit extracts harvested in October,
November, and December were 138.91 + 8.53 ug/mL for the
October sample, 247.85 + 3.34 ug/mL for the green sample in
November, 337.71 & 10.03 pug/mL for red sample in November,

Table 2. Comprehensive Antiallergic Activities of Substances Found in Olive Pomace Extract

compound IC, [pg/mL (uM)] enzyme inhibition (%)“
3,4-DHPEA-EA (6) 33.5 + 0.6 (887) 0.5+ 17
elenolic acid (3) 377.9 + 1.6 (1561.6) 184 + 43
luteolin (5) 0752 + 0.1 (2.6) 38+08
hydroxytyrosol (1) 305.3 + 15.2 (1980.9) 0.9 + 0.9
oleuropein (4) 8912 + 6.1 (1648.8) 0.7 +7.5
verbascoside (2) 788.0 + 29.2 (1261.7) 157 £ 5.5

amount (mg/kg)b total activity” active unit?

1854 55343 350
902 2386 15.1
1.04 1382 8.74
140 458 2.89
346 388 2.4S
125 158 1.00

“Values indicate enzyme inhibition (%) against f-hexosaminidase. Sample concentrations: hydroxytyrosol, 800 ug/mL; verbascoside, 800 yg/mL;
luteolin, 2 pug/mL; 3,4-DHPEA-EA, SO pug/mL; oleuropein, 800 pg/mL; and elenolic acid, 600 ug/mL. Each value represents the mean + SD
(n=4). ®The amount was calculated and shown from green MISSIOII olive harvested in December 2009. “Total activity was estimated using the
following formula: total activity = amount (mg/ kg) /ICs (mg/ mL). 9 Active unit was calculated on the basis of the relative intensity of total activity

(total activity of verbascoside was defined as 1.00).

Table 3. Amount of Hydroxytyrosol Derivative and Elenolic Acid in QuEChERS Extract Olive Harvest in 2011“

month October
variety Manzanillo Mission
color green
extract from 10 g of olives
weight (mg) 181.33 205.35
yield (%) 1.81 2,05
hydroxytyrosol
amount in 100 mg of extract (mg) 2.59 + 0.02 2.45 + 0.05
amount in 10 g of fruits (mg) 4.71 + 0.03 5.04 + 0.09
elenolic acid
amount in 100 mg of extract (mg) 248 + 0.05 3.05 + 0.04
amount in 10 g of fruits (mg) 4.51 + 0.08 6.27 + 0.07
3,4-DHPEA-EA
amount in 100 mg of extract (mg) 1829 + 0.09 24.50 + 0.58
amount in 10 g of fruits (mg) 33.18 + 0.17 50.33 + 1.18
“Each value represents the mean + SD (n = 3).
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November December
Lucca Mission Mission
green red red
116.33 134.88 126.53 164.96
1.16 1.34 1.26 1.64
1.04 + 0.02 6.00 + 0.03 7.01 + 0.12 448 + 0.01
1.21 + 0.02 8.04 + 0.03 8.84 + 0.15 7.35 £ 0.01
3.29 £ 0.01 6.82 + 0.04 9.53 + 0.01 S.11 + 0.02
3.83 + 0.01 9.15 + 0.04 12.01 + 0.01 8.39 + 0.03
12.39 + 0.08 12.71 £ 0.13 7.50 + 0.02 0.69 + 0.02
14.42 + 0.09 17.04 + 0.17 9.46 + 0.02 1.14 + 0.03
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Figure 8. Difference in antiallergic activity of different olive varieties
and harvesting seasons. Each value represents the mean + SD (n = 4).
Means with different letters are significantly different (p < 0.05).

and 919.83 + 23.25 pg/mL for the December sample, as shown
in Figure 8. Antiallergic activities of methanol extracts at the
200 pg/mL concentration in different harvesting time were
conducted and then concluded that green Mission in October
exhibited the lowest S-hexosaminidase release (32.9 + 0.5%),
followed by green Manzanillo in October (52.6 + 1.2%), with
significant differences (p < 0.05) (Figure 8) in the earlier harvest
time, the greater antiallergic activity, and the higher concentration
of 3,4-DHPEA-EA. The antiallergic activities of the olive fruit
extracts depended upon the amount of 3,4-DHPEA-EA.

In conclusion, 3,4-DHPEA-EA was found as an antiallergic
active substance in olive pomace. To increase the consumption
of olive oils, olive oil manufacturers need to consider the utility of
olive juice and pomace. The Japanese Mission variety contained a
higher amount of 3,4-DHPEA-EA as a major component of the
pomace fraction and also as a major antiallergic substance.
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