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ABSTRACT
Background: Pentacyclic triterpenes are plant secondary metabolites that have many applications for health of

the people.

Methods: In this work, we determine by a HPLC-UV/Vis and HPLC-MS what pentacyclic triterpenes are
found in stem and root of cv. Picual olive tree, a variety typically grown in the area of Jaén (Spain). Moreover,
the concentration of these compounds along fruit ripening also has been determined in both organs.

Results: Maslinic acid (MA), oleanolic acid (OA), erythrodiol (EO), and uvaol (UO) have been found in stem.
OA is the compound that shown the highest concentration in this organ. MA, betulinic acid (BA), OA and ur-
solic acid have been found in root. In general, BA has the highest concentration in this organ. BA had not been
detected in other olive tree organs.

Conclusion: The evolution showed by the concentrations of these compounds during ripening suggests the
existence of two different phases: the first related with the increment in weight of fruit and the second related
with the ripening following. The evolution found in stem is different to the found in root and we believe that
are related with the functions of these compounds in each organ.
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Abbreviations

BA: betulinic acid, EO: erythrodiol, HPLC-UV/Vis: ultraviolet-visible high performance liquid chromatog-
raphy; HPLC-MS: mass high-performance liquid chromatography; MA: maslinic acid, OA: oleanolic acid,
0OS: (35)-2,3-oxidoescualene, UA: ursolic acid, UO: uvaol
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1. INTRODUCTION

Pentacyclic triterpenes are plant secondary metabo-
lites amply distributed in plants that have important
biological properties related with health and disease
prevention. They are found in higher concentration
in the cuticle wax and stem bark [1]. Chemically,
they are molecules of 30 carbons grouped in five cy-
cles of 6 carbons that have several characteristics sub-
stituents. These compounds proceed from squalene, a
30 carbon lineal terpene that is synthesized from iso-
pentenyl pyrophosphate [1]. The biosynthesis of pen-
tacyclic  triterpenes proceed form (3S)-2,3-
oxidoescualene (OS) that is synthesized via acetate/
mevalonate cytoplasmatic pathway. OS is the sub-
strate of several OS cyclases or triterpene cyclases
that produced different pentacyclic triterpenes. The
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main triterpenes found in Olea europaea are maslinic
acid [(2a,3pB)-2,3-dihydroxyoleane-12-en-28-oic acid,
C30Hs5004; Mw: 4727, MA], oleanolic acid (3p-
hydroxyoleane-12-en-28-oic acid, Cs3oHysO3; Mw:
456.7; OA), ursolic acid (3B-hydroxyursane-12-en-28
-oic acid, Cs;oHs303; Mw: 456.7; UA), erythrodiol
(oleane-12-en-3p,28-diol, C;0Hs0O,; Mw: 442.7; EO)
and uvaol (12-ursene-3f,28-diol, C30Hs5002; Mw:
442.7; UO) [2] (Fig. 1). During biosynthesis, after OS
cyclation, several cations are produced, between them
oleanil cation, produced by the activity of B-amyrin
synthase, that is the precursor of EO from which OA
is synthesized. MA can be form by isomerization
from OA. By the action of a-amyrin synthase, ursanil
cation can be also produced and it is the precursor of
UO, and from it, UA is synthesized [3].

Maslinic acid

C30Hs5004: Mw: 472.7

HO

Betulinic acid
3p-Hydroxy-20(29)-lupaene-28-oic acid
Cs3pHysOs; Mw: 456,7

Oleanolic acid
20,3B-dihydroxyolean-12-en-28-oic acid 3p-hydroxyolean-12-en-28-oic acid
C30Hy03: Mw: 456.7

Erythrodiol
olean-12-en-3p,28-diol
C30Hs007; Mw: 442.7

Utrsolic acid
3p-hydroxy-12-ursen-28-oic acid
C3HieOs; Mw: 456.7

Uvaol
12-ursen-3p.28-diol
Cs30Hs5002; Mw: 442.7

Fig. 1. Chemical structure of the main pentacyclic triterpenoids found in cv. Picual olive tree.
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Stem and root are two differential organs of vascular plants
or spermatophytes. They are form from embryo epicotyl
bud or radicle bud, respectively [4]. Stem can be woody or
herbaceous appearance and, usually, contain leaves or
some modifications of its, for example, spines. The main
functions of stems are the support of the plant and the
transport of compounds between different parts of the
plant, although, can also accumulated and assimilated dif-
ferent compounds and have photosynthetic function [4].
Differently, root has positive geotropism and has not
leaves. Their functions are the fixation to the ground, water
and mineral salts absorption or the store of substances [4].

The presence of these compounds has been described in
several plants species. Chen et al., [5] identified three
triterpenic compounds in the stem and roots of Rubus alce-
aefolius, a Chinese herbaceous plants used by the treatment
of carcinome and osteoma. The three compounds were
finally related with the antitumoural activity of this plant.
Pai et al., [6] show the presence of BA, OA and UA in leaf,
stem and root of Achyranther aspera, a medicinal plant
used for the treatment of dysentery, gonorrhea, pneumonia,
and others. Mawa et al., [7] identified three new triterpenes
in the stem of Ficus aurantiaca related with the inhibition
of quimiotaxis in neutrophils and the inhibition of reactive
oxygen species production. Callies et al., [8] isolated sever-
al lupane type pentacyclic triterpenes in the stem of Cas-
sine xylocarpa and Maytenus cuzcoina that inhibit the rep-
lication of Type 1 VIH viruses. In olive tree (Olea euro-
paea) several pentacyclic triterpenes have been identified
in organs such fruit and leaf [2]. MA, OA, EO and UO are
found in leaves and MA and OA in fruits and many studies
described important activities of these compounds for the
health and disease prevention. Nevertheless, there is not
knowledge about the identity, presence and concentration
of pentacyclic triterpenes in stem and root of olive tree. So,
the aim of this work is to determine the pentacyclic triter-
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pene profile typical of stem and root of this species and
how change their concentration along the ripening of the
fruit, an annually periodic situation that determine the in-
terest of this tree for the economy of the region in which it
is cultivated. Picual is the main variety cultivated in Jaén
(Spain), the main province in the olive tree ground of the
South-Est of Spain.

2. MATERIAL AND METHODS

2.1. Drugs

Assays were made with chemical compounds supplied by
Sigma Chemical Co. (St. Louis, USA) and Fluka Chemie
GmbH (Buchs, Swizertland). MA, OA, UA, BA, EO and
UO standard were purchased from Extrasynthése (Z.1.
Lyon-Nord, Genay, France). All the reagents used were of
analytical or HPLC grade.

2.2. Stem and root olive tree sampling during ripening
Forty-year-old (Olea europaea L. cv. Picual) olive trees, in
an orchard at Torredonjimeno (Jaén, Spain, 37°45°61°°N,
3°57°12°W, 655 m above sea level) were used in this
study. Three trees randomly distributed in the orchard were
selected and, for each orientation of each tree, five 25-cm
segments of branches with fruits near the apical end were
collected. Fruits and leaves were removed, and stems were
cut in some pieces and put on liquid nitrogen until analysis.
Fruits were used for the evaluation of the ripeness index as
proposed by Uceda and Frias [9]. Adventitious and 2 mm
no lignified roots samples located near to the trunk were
extracted with a hone. Seven different stem and root sam-
ples were collected in the same trees throughout the ripen-
ing period of olive fruit, from July to December. Specifi-
cally, sample 1 and 2 were picked at days 2 and 30 of July,
sample 3 at 10 of September, samples 4 and 5 at 7 and 22
of October, sample 6 at 6 of November and sample 7 at 3
of December of 2015. Table 1 shows the time course of the
ripeness index and water content over the experiment.

Table 1. Fruit ripeness index (RI) and humidity of stem and root during ripening

# Sample 1 2 3 4 5 6 7
Date 2/07/2015 30/07/2015 10/09/2015 7/10/2015 22/10/2015 6/11/2015 3/12/2015
Days 0 28 70 97 112 134 154
RI 0 0 0.3 2.5 39 4.5 4.5
Humidity
Stem (%) | 41.96+2.10a 38.94+1.95a 40.20+2.01a 37.28+1.86a 39.77+1.99a 43.15+2.16a 41.3442.067a
Root (%) | 35.06+1.75ab 31.55+1.58a 35.68+1.78a 31.96+1.60a 40.89+2.04b 55.84+2.79¢ 57.10+2.855¢
Humidity of each organ is expressed as the mean + S.E.M. Values followed by different letters are significantly different (P < 0.05).
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2.3. Extraction and analysis of triterpenic com-
pounds

We followed the procedure described in [2] and [10]
with some modifications. Determination of water
content. For each ripening stage, samples of stems
and roots were finely pulverized with liquid nitrogen.
The water content was determined weighing 3 g of
the organ and then oven drying at 55°C to constant
weight. Afterwards, samples were cooled for 30 min
in a dryer and reweighed.

Extraction of triterpenic compounds. For each sam-
ple, 0.125 g of dry tissue was mixed with 1.5 mL of
methanol/ethanol (1:1, v:v). The mixture was vigor-
ously vortexed for 1 min and, after sedimentation,
was centrifuged at 7700xg for 5 min at 4°C. The su-
pernatant was collected in other tube. The extraction
was repeated 5 times. All supernatants were pooled,
and the resulting mixture was evaporated with a
SpeedVac concentrator (Thermo Scientific, USA).
The residue was dissolved in 1 mL of methanol and,
after filtration (PTFE filters, 4 mm x 0.2 um, Supelco
Analytical, USA), was used for HPLC analysis of
triterpenic compounds.

HPLC Analysis. We used two chromatographic sys-
tems: a HPLC-UV/Vis and a HPLC-MS system. The
HPLC-UV/Vis chromatographic system was used for
the analysis of stem samples. A reverse-phase
Spherisorb ODS-2 (Waters Corporation, Milford,
USA) (25 cm-4.6 mm, 5 pm) column was used in a
Shimadzu HPLC system (Shimadzu Corporation,
Kyoto, Japan). Separation was achieved by an iso-
cratic elution for 20 min. The solvent used for separa-
tion was methanol/water with acetic acid (pH 3.1) at
a proportion of 92:8 (v:v). A flow rate of 0.8 mL min
" was used. Absorbance at 210 nm was recorded. A
typical chromatogram for stem samples is shown in
Fig. 2. MA, OA, EO and UO were identified and the
concentration of each compound was determined on
the basis of their peak area. Standard calibration
curves were previously constructed. The equations
formulated relating peak areas (y in arbitrary units)
and concentrations (x in mg mL™") were

1=9734990 x +58384.5 for MA;

y=12653586.789 x + 35217.214 for OA,;
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y=117741666.971 x + 73364.964 for EO;
y=11774166.971 x for UO. In all cases, correlation
coefficient (r*) was equal to 0.99.

0.8 +
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2100m (U)

0.4 4

0.2

=
i

T
0 2.5 5.0 7.5 10 12.5 15

Time (min)

Fig. 2. HPLC-UV/Vis chromatogram of stem olive
tree triterpenoid extracts. Compound 1: maslinic
acid, compound 2: oleanolic acid, compound 3:
erythrodiol, compound 4: uvaol.

We used a HPLC-MS system for the analysis of roots
samples because the concentration of triterpenic com-
pounds are so low and cannot be appropriately de-
tected and determine with a HPLC-UV/Vis system. A
HPLC Agilent Series 1100 system (Agilent Technol-
ogies, Santa Clara, U.S.A) constituted by a vacuum
degasser, an auto sampler, a quaternary pump, a di-
ode-array detector, and a Esquire 6000 ion-trap mass
spectrometer (Bruker Daltonics, Billerica, U.S.A)
equipped with an electrospray ionization (ESI) source
operating in negative ion mode was used. Separation
was achieved by an isocratic elution as previously
described for HPLC-UV/Vis system using also a re-
verse phase Spherisorb ODS-2 (Waters Corporation,
Milford, USA) (25 cm-4.6 mm, 5 pm) column was
used in. The injection volume was 2 pL. The solvent
used for separation was methanol/water containing
0.1% formic acid (pH 3.1) at a proportion of 92:8
(v:v). A flow rate of 0.8 mL min"' was used and a
temperature of 35°C. Ions were detected in an ion-
charged control (ICC) (target: 2500 ions) with a vari-
able accumulation time (detected in ps), using the
following operation parameters: capillary exit voltage
(fragmenter): —300.0 V; capillary voltage: 4000 V;

nebulizer pressure: 60 psig, drying gas: 11 L-min ',

WWW.SIFTDESK.ORG

189

Vol-4 Issue-1



SIFT DESK

gas temperature: 350 °C. This chromatographic sys-
tem operates with Bruker Daltonics Data Analysis
Software (Bruker Daltonics). The fragmentation op-
tions used for the MS/MS analyses were: Energy 0.8
V, width m/z = 4, and time 40 ms. A typical chroma-
togram for the roots samples is shown in Fig. 3. MA,
BA, OA and UA were identified and quantified fol-
lowing this method. MA is characterized by a reten-
tion time of 5.70 + 0.01 min (Panel A). HPLC-MS
analysis showed a peak of m/z = 471.0 corresponding
with the negative ion of MA (Panel B). BA, OA, and
UA are characterized by a retention time of 7.8, 8.4
and 8.7 min respectively. HPLC-MS analysis showed
a peak of m/z = 455.0 corresponding with the negative

Intens. ]
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ion of each compound (Panel B). Due to their chro-
matographic behavior, MA, BA, OA, and UA were
quantified on the basis of retention time and the pres-
ence of 471 and 455 ion and their integrates areas,
respectively. We constructed standard calibration
curves with 6 concentrations of each compound (from
0.001 to 0.025 mg mL™"). The equations formulated
relating concentration (x, mg-mL™") and peak areas (y,
arbitrary units) were: y =317987991.71146 x for MA;
y = 2293640505.391x +24492206.764 for OA; y =
5839461405.136 x + 32638130.696 for BA; y =
1350191687.212 x + 3856830.68 for UA. In all cases
1* was higher than 0.95.

15121804.0; -MS, 5.3-5.7min Intens. 15121804.0; -M3, 7.0-6.6min
x104 B x10%]
1] a71.0 51 C 455.0
2‘ 1_0_
11 653.0 8143 0.54
254.8 538.8 = 917.2 837
0 IITN | OO 1| VR O YT 00 278.8 L 83119333
200 400 600 800 miz ‘ 200 400 600 800 miz
0.3 4 A
w
=
- 0.2 -
n
c
4]
€ 0.1+
0 I - “t T 1 1
0 2 4 ?6 f8 T f 10 12

2 34 Time (min)

Fig. 3. HPLC-MS analysis of root olive tree triterpenoid extracts. Panel A: Extracted ion chromatogram.
Panel B: MS spectra of peak 1 eluted at 5.7 min. Panel C: MS spectra of peaks 2, 3, 4 eluted at 7.8, 8.4 and 8.7
min, respectively. Compound 1: maslinic acid, compound 2: betulinic acid, compound 3: oleanolic acid, com-

pound 4: ursolic acid.
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2.4. Statistical Analysis

Results are expressed as the mean followed by the
standard error of the mean (S.E.M.). Data were ana-
lyzed by a one-way analysis of variance. The differ-
ences between means were analyzed using a Stu-
dent’s #-test. The criterion of significance was taken
as P <0.05.

3. RESULTS AND DISCUSSION

In the present work we determined the pentacyclic
triterpenoid profile found in cv. Picual olive tree stem
and root. MA, OA, EO and UO are present in stem
(Fig. 2). Considering all the samples peak at the dif-
ferent ripening stages, OA was found with a concen-
tration between 3-6 mg/g of dry weight, MA between
1-2.5 mg/g of dry weight, EO between 0.25-0.6 mg/g
of dry weight and UO with a concentration of 0.1-0.2
mg/g dry weight (Fig. 4). OA is that show a higher
concentration in this organ, representing a 0.62% of
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the dry weight in sample 3. MA follows OA, with a
0.26% of the dry weight in sample 3. The total con-
centration obtained as the sum of all these com-
pounds range from 4.35 to 9.3 mg/g dry weight. Re-
sults of this study demonstrated that the method of
extraction used is appropriated for the quantification
of the concentration of these compounds in stem
samples. The profile described for stem is likely to
the found in leaf in which, also this four triterpenic
compounds are found [11] although with concentra-
tion in leaf higher that in stem. The presence of MA,
OA, EO and UO indicate that B-amyrin synthase is
present in this organ and it is implied in the biosyn-
thesis pathway of MA, OA and EO and that a-amyrin
synthase is also present in this organ and it is implied
in biosynthesis of UO. This similar patter between
stem and leaf can be related with that both organs are
photosynthetic organs.
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Fig. 4. Concentration of maslinic acid (MA, Panel A), oleanolic acid (OA, Panel A), erythrodiol (EO, Pan-
el A and B) and uvaol (UO, Panel A and B) in cv. Picual olive tree stem samples along fruit ripening. Day
0 was considered the sample peak at 02/07/2015. Values followed by different letter are significantly (P<0.05)
different.

In roots, the triterpenic compounds identified are MA, BA, OA and UA (Fig. 3) with a concentration that
range between 0.1 and 0.4 mg/g dry weight for BA, 0.025 and 0.3 for MA, 0.0025 and 0.022 for OA, and
0.001 and 0.022 for UA (Fig. 5). The total concentration obtained as the sum of all these compounds range
from 0.13 to 0.74 mg/g dry weight. This value is between 32.46 and 11.54-fold lower than the found in stem
and demonstrated the difference in the importance of triterpenoids in the physiology of both organs. Also, the
presence of BA in root samples merit to be mentioned because it has not been previously described in another
organ of this species. The presence of BA in olive tree samples must implied the existence of a lupeol syn-
thase in olive root sample responsible of the biosynthesis of the intermediates that lead to BA.
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Fig. 5. Concentration of maslinic acid (MA, Panel A), betulinic acid (BA, Panel A), oleanolic acid (OA,
Panel A and B) and ursolic acid (UA, Panel A and B) in cv. Picual olive tree root samples along fruit rip-
ening. Day 0 was considered the sample peak at 02/07/2015. Values followed by different letter are significantly

(P<0.05) different.

The changes in the concentration of the four triterpe-
noids found in stem during olive fruit ripening are plot-
ted in Fig. 4. The concentration of OA and MA changed
as in two phases along this processes. In the first phase,
that comprised samples 1, 2 and 3 -75 days after begin-
ning of the experiment-, a significant increment is pro-
duced. The concentration of both major triterpenes is
duplicated in sample 3 with respect sample 1. This is
the time in which the fruit increase in size and weight
and is name as “green ripening”. So, coinciding with the
accumulation of compounds in fruit, a significant incre-
ment in the synthesis and concentration of OA and MA
is found in stem. It can be probably related with the
supply of both compounds to the fruit. In the second
phase, that comprises samples 4, 5, 6 and 7 — 79 days
after sample 3-, a fluctuating tendency to the decrease
in the concentration of OA and MA can be observed.
This is the time in which change the composition of
fruit that do not increase in size and weight, yet. This
phase is name as “black ripening”.

The concentration of EO in stem is practically main-
tained along fruit ripening although a significant one-
fold increase is produced in sample 3. UO concentration
also is maintained around 0.1 mg/g dry weight increas-
ing only in sample 7 until reach 0.2 mg/g dry weight.

The concentration of triterpenoids found in roots during
olive fruit ripening are plotted in Fig. 5. BA, the
triterpenoid that show higher concentration in this or-
gan, significantly increment their concentration 3-fold
from sample 1 to sample 4. After, their concentration

fall until reach, in sample 7, values below to the showed
in sample 1. MA, OA and UA maintain their levels until
sample 5 in which, the tree acids, significantly increase
their levels several folds. MA also shows a previous
enhance in their concentration in sample 3.

With respect to the physiological function of pentacy-
clic triterpenoids these compounds are considered as
part of a defense system which defends plant against
environmental stress, wound and injuries repair mecha-
nism and enhanced the resistance against plant patho-
gens [12, 13]. A variety of infectious organisms were
reported inhibited by triterpenoids compounds, includ-
ing fungi, viruses, bacteria, protozoa and parasites [14].
So, in these senses it has been shown as UA is an effi-
cient antifungal against the infection of apple by Alter-
naria alternata that could be a useful alternative for this
disease management [13]. Also, OA and BA exert an
inhibitory activity against influenza virus and hepatitis
C virus infection binding to viral fusion proteins and
disrupting viral entry into the host cells [14]. In root
olive tree, pentacyclic triterpenes can be also part of a
defense system that protects plant against different
agents. As is reported in other plants, these molecules
can act avoiding the growth of invasive cells acting on
their viability or avoiding the entry of virus inside the
cells. These compounds have a non-polar nature that
permits its interaction with apolar alpha-helix avoiding
the normal effect of its interaction and avoiding the
membrane fusion or the normal function of calcium
channels [14].
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Concluding, the pentacyclic triterpenes found in stem
and root of cv. Picual olive tree (Olea europaea) have
been identified and quantifed in this work. The profile
reported in stem is likely with the previously described
in leaf while in root it is different to previously de-
scribed and characterize the metabolism of these com-
pounds in this organ. Moreover, it has been showed
how the concentration of each triterpene changes during
fruit ripening. A differential behavior is showed by the
different triterpenes in both organs that can be related
with the specific functions of each one in stem or root.
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