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Caryocar brasiliense Cambess., Caryocaraceae (pequi) is a typical Brazilian Cerrado tree. A previous study
showed that the butanolic fraction of pequi leaves promotes endothelium-dependent relaxation medi-
ated by nitric oxide and that it causes reversible hypotension in rats. In the present study, we investigated
the cell signaling pathways associated with the butanolic fraction-induced nitric oxide release, and we
characterized the chemical composition of its fraction. Vascular reactivity tests, a western blotting anal-

gey""_ords" ysis, and a chemiluminescence assay were used to investigate the signaling pathways involved in the
equi vasorelaxant effect of the butanolic fraction. Electrospray lonization Fourier Transform Ion Cyclotron
Vasorelaxant effect . . . . e
Calmodulin Resonance Mass Spectrometry was used to characterize the butanolic fraction chemical composition.
PI3K/Akt/eNOS Vasorelaxation was mediated through the activation of the calmodulin and phosphatidylinositol 3-kinase

(PI3K)/Akt signaling pathways, leading to subsequent endothelial nitric oxide synthase phosphorylation
and nitric oxide production, as evidenced by western blotting and chemiluminescence assays, respec-
tively. The chemical characterization of the butanolic fraction revealed the presence of 72 oxygenated
compounds, whose molecular formulae are compatible with phenolic compounds, suggesting a poten-
tial contribution of these compounds for the butanolic fraction vasorelaxant effect. These findings show
that the calmodulin and phosphatidylinositol 3-kinase (PI3K)/Akt signaling pathways are involved in the
butanolic fraction-induced endothelial nitric oxide synthase activation and are promoted by polyphenol

compounds present in the C. brasiliense leaves.
© 2018 Published by Elsevier Editora Ltda. on behalf of Sociedade Brasileira de Farmacognosia. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

Phenolic compounds

Introduction to function as a febrifuge and diuretic, and the leaves and fruits are

used in the treatment of respiratory, ophthalmologic, and hepatic

Caryocar brasiliense Cambess., known as pequi, is a tree that
belongs to the Caryocaraceae family and is widely distributed in
the Cerrado region of Brazil (Lorenzi, 1998). In folk medicine, the
seed fat is used for the treatment of respiratory tract diseases, such
as asthma and bronchitis (Branddo et al., 2002). The bark is reported
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disorders (Almeida and Silva, 1994; Mors et al., 2000).

The phytochemical screening of C. brasiliense revealed the pres-
ence of classes of secondary plant metabolites with therapeutic
potential, including flavonoids, triterpenes, saponins, and tannins
(Oliveira et al.,, 1968; Magalhdes et al., 1988). Antioxidant activ-
ity was associated with the presence of gallic acid, quinic acid,
quercetin, and quercetin 3-O-arabinose compounds in C. brasiliense
fruits (Roesler et al., 2008). In addition, leishmanicidal, antibacte-
rial, antioxidant, antigenotoxic, anticlastogenic, and hypotensive
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activities were demonstrated in this species (de Paula-Junior et al.,
2006; Khouri et al., 2007; Miranda-Vilela et al., 2008).

In a previous study, we showed that the crude hydroalcoholic
extract (CHE) from pequi leaves and derived organic fractions
produced a significant vasorelaxant effect in rat thoracic aorta.
The butanolic organic fraction (BF) obtained from the CHE pre-
sented the highest effect when compared with other fractions
(hexane, chloroform, and ethyl acetate), and it was similar to the
CHE vasorelaxant effect. Subsequently, it was observed that the
vasodilation promoted by the BF is endothelium dependent and
involves the stimulation of the nitric oxide (NO)/cyclic guanosine
monophosphate (cGMP) pathway. Moreover, the BF evoked signif-
icant hypotension in anesthetized rats, which was attributed to the
gallic acid and quercetin compounds found in the BF (de Oliveira
et al,, 2012). Gallic acid and quercetin are effective for enhancing
the bioavailability of endothelium-derived nitric oxide, may cause
vasodilation and, consequently, hypotension (Li et al., 2012; de
Oliveira et al., 2016; Sant’Anna et al., 2017).

Considering our previous findings, the present study aimed to
elucidate the mediators involved in the BF-induced endothelial NO
synthase (eNOS) activation and to characterize the chemical com-
ponents present in this fraction.

Material and methods
Chemicals and drugs

Phenylephrine (Phe), acetylcholine (ACh), calmidazolium, wort-
mannin, 2-[N-(2-hydroxyethyl)]-N-(4-methoxybenzenesulfonyl)]
amino-N-(4-chlorocinnamyl)-N-methylbenzylamine (KN-93), 4-
amino-5-(4-chlorophenyl)-7-(t-butyl)pyrazolo [3,4-d] pyrimidine
(PP2), 4-(2-aminoethyl)benzenesulfonyl fluoride hydrochloride,
pepstatin A, E-64, bestatin, leupeptin, aprotinin, sodium ortho-
vanadate, phenylmethanesulfonyl fluoride, and dithiothreitol were
purchased from Sigma (St. Louis, MO, USA). Wortmannin and the
BF were prepared as stock solutions in dimethyl sulfoxide (DMSO),
and the other drugs were dissolved in distilled water. The final
concentration of DMSO in the bath never surpassed 0.1%.

Plant material and preparation of the BF

The herbal material and procedures used to prepare the BF were
previously described (de Oliveira et al., 2012). Caryocar brasiliense
Cambess., Caryocaraceae, leaves were collected in September 2010,
in Gurupi City, State of Tocantins, Brazil. The plant was authen-
ticated by Aristonio Magalhdes Teles, and a voucher specimen
was deposited in the herbarium of the Institute of Biological Sci-
ences, Federal University of Goias, under number 1353. The BF
was obtained through the sequential extraction process of crude
hydroalcoholic extract of C. brasiliense leaves (10 g) using hexane,
chloroform, ethyl acetate, and n-butanol solvents. The remaining
n-butanol fraction (BF) was evaporated to dryness, and it obtained
ayield of 13.7% (w/w).

Animals

Male Wistar rats, 10-12 weeks of age, from the colony of the
Federal University of Goias, were used in this study. The rats were
maintained on a 12h light/dark cycle, under a controlled tem-
perature (22 +1°C), with ad libitum access to food and water.
The experimental protocols were performed in accordance with
the Ethical Principles in Animal Experimentation adopted by the
Brazilian College of Animal Experimentation (COBEA) and were
approved by the local Ethics in Research Committee (Protocol
CEP/UFG 22/2011).

Preparation of thoracic aorta rings

Vascular reactivity was performed in an organ bath setting, as
previously described (de Oliveira et al., 2012). After euthanasia, the
thoracic aorta was quickly removed and cleaned in a physiologi-
cal solution, containing (in mmol) 130 NaCl, 14.9 NaHCOs3, 4.7 KCl,
1.18 KH,POy4, 1.17 MgS04-7H,0, 1.6 CaCl,-2H,0, and 5.5 glucose.
The aorta was cut into 4-mm rings, which were then mounted
in a muscle bath containing a Krebs solution at 37°C and bub-
bled with 95% O,-5% CO,. Isometric force generation was recorded
with an isometric force transducer (AQCAD, AVS Projects, Sao Car-
los). A resting tension of 1.5 g was imposed on each ring, and the
rings were allowed to equilibrate for 1 h. Endothelium integrity was
assessed by measuring the dilatory response to ACh (10 wM) in the
Phe contracted vessels (1 wM). For studies of endothelium-intact
vessels, a ring was discarded if the relaxation with Ach (10 wM)
was not 90% or greater. After assessing the presence of functional
endothelium, vascular tissues were allowed to recuperate for at
least 1 h, during which, the Krebs-Henseleit solution was replaced
every 15 min, before any experiment protocol.

Vascular functional studies

Cumulative concentration-response curves to the BF (from 0.1
to 30 wg/ml) or vehicle were constructed for the aortic rings pre-
contracted with Phe (1 uM). To verify the involvement of the
Ca?*/CaM complex, the cumulative concentration-effect curves to
the BF were constructed for endothelium-intact aortic rings in
the presence of the selective calmodulin inhibitor (calmidazolium,
10 wM). To investigate whether the BF-induced vasodilatation is
mediated by a calmodulin-dependent protein kinase II, cumu-
lative concentration-effect curves to the BF were constructed
in endothelium-intact aortic rings in the presence of KN-93, a
calmodulin-dependent protein kinase Il inhibitor (10 wM). To verify
the role of the Src kinase and phosphatidylinositol 3-kinase (PI3K),
cumulative concentration—effect curves to the BF were constructed
in endothelium-intact aortic rings in the presence of either PP2
(a Src kinase inhibitor, 10 wM) or wortmannin (a PI3K inhibitor,
100nM). In all of the experiments, the rings were exposed to an
inhibitor for 30 min before Phe was added.

Western blotting analysis

Endothelium-intact aortic segments incubated with the BF (0.3,
3, and 30 p.g/ml) or vehicle for 10 min were subsequently frozen
in liquid nitrogen and homogenized in a buffer ([4-{2-aminoetil}
benzenesulfonyl fluoride, pepstatin, E-64, bestatin, leupeptin, apro-
tinin, sodium orthovanadate, PMSF, and sodium fluoride). The
proteins were extracted (70 wg), separated by electrophoresis
on 10% polyacrylamid gels, and transferred onto nitrocellulose
membranes. Non-specific binding sites were blocked with 5%
BSA in TBS containing 0.1% Tween 20 (for 1h at 24°C). The
membranes were incubated with antibodies (at the indicated
dilutions) overnight at 4°C. The antibodies were used as fol-
lows: anti-phospho-eNOS (Ser!177) (1:500 dilution; Cell Signaling
Technology), anti-Akt (1:1000 dilution; Cell Signaling), anti-
phospho-Akt (Ser#’3) (1:500 dilution; Sigma), anti-PI3K (1:500
dilution; Cell Signaling), anti-phospho-PI3K (Tyr#8) (1:500 dilu-
tion; Cell Signaling), anti-phospho c-Src (Try#19) (1:200 dilution;
Santa Cruz), and anti-f3-actin (1:2000 dilution; Cell Signaling). After
incubation with the secondary antibodies, signals were obtained
by chemiluminescence, visualized by autoradiography, and quanti-
fied densitometrically (Image ], National Institute of Mental Health,
Bethesda, MD). The values for phospho-eNOS (Ser!177) and phos-
pho c¢-Src (Try#1?) were normalized to B-actin, and the values for
p-PI3K (Tyr#°8) and for p-Akt (Ser?”3) were normalized with PI3K
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and Akt, respectively. The protein levels were expressed as units
relative to the control.

Evaluation of NO metabolite (nitrite and nitrate) production in
the presence of the BF

Segments of aortic rings were collected in tubes containing a
20 mM Tris/HCl buffer (pH=7.4). After centrifugation at 5000 x g
for 10 min, the supernatant was removed and stored at —20°C. The
NO was determined by the evaluation of its oxidation products
content (NOx) (nitrites and nitrates) via an ozone-based chemi-
luminescence assay. Samples were treated with a 2:1 volume of
ice-cold ethanol (ethanol/sample) and centrifuged at 10,000 x g for
5 min. The NOx was measured by injecting 5 ! of the supernatant
into a glass purge vessel containing vanadium in 1N HCl, which
reduces NOx to NO gas. A nitrogen stream was bubbled through
the purge vessel containing vanadium, then through 1 N NaOH, and
then into a NO analyzer (Sievers® Nitric Oxide Analyzer 280, GE
Analytical Instruments, Boulder, CO, USA), which detects the NO
released from the NOx for chemiluminescent detection. The sam-
ples were normalized by protein levels. An estimation of the protein

concentration was determined by the Bradford protein assay
(Bradford, 1976).

Electrospray lonization Fourier Transform Ion Cyclotron
Resonance Mass Spectrometry (ESI FT-ICR MS)

The ultra-high resolution mass spectrum provided by FT-ICR MS
enables us to assign molecular formulae to the m/z values detected
with an error lower than 1ppm (Ferreira et al,, 2014). The mass
spectrometer (model 9.4 T Solarix, Bruker Daltonics, Bremen, Ger-
many) was set to operate in the negative ion mode, ESI(-), over a
mass range of m/z 200-2000. The parameters of the ESI(—) source
were as follows: a nebulizer gas pressure of 0.5-1.0 bar, capillary
voltage of 3-3.5kV, and transfer capillary temperature of 250°C.
The mass spectrum was processed using the Compass Data Analysis
software package (Bruker Daltonics, Bremen, Germany). A resolv-
ing power =500,000 and a mass accuracy of <1 ppm provided the
unambiguous molecular formula assignments for singly charged
molecular ions. The elemental compositions of the compounds
were determined by measuring the m/z values. The aromaticity
level of each molecule can be deduced directly from its DBE (double
bond equivalent).
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Fig. 1. Cumulative concentration-response curves to the butanolic fraction (BF) of pequi leaves (Caryocar brasiliense) were performed in endothelium-intact aortic rings
contracted with phenylephrine (1 wM) in the presence of calmidazolium (CaM inhibitor, 10 wM) or KN-93 (CaMKII inhibitor, 10 wM) (A) and in the presence of wortmannin
(PI3-kinase inhibitor, 100 nM) or PP2 (Src kinase inhibitor, 10 wM) (B). (C) Original trace of vasodilation induced by cumulative concentrations of BF (0.1-30.0 p.g/ml), as
follows: (I) BF in the presence of the vehicle (DMSO 0.1%; control), (II) BF in the presence of calmidazolium, and (III) BF in the presence of wortmannin. Data are expressed
as the mean + SEM of 5-7 experiments performed on preparations obtained from different animals. *p <0.05 when compared to the control (ANOVA and post hoc test

Tukey-Kramer).
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Fig. 2. Butanolic fraction (BF) of pequi leaves (Caryocar brasiliense) induces eNOS
activation. The effects of the butanolic fraction (BF) of pequi leaves BF (0.3, 3, and
30 ig/ml) on eNOS phosphorylation at Ser''”” were determined in endothelium-
intactratthoracic aortarings. Data are expressed as the means &+ SEM of 4-5 different
immunoblots (each one corresponding to different animals), and bar graphs are
representative of the relative expression of p-eNOS protein normalized to 3-actin.
*p<0.05 versus control (ANOVA and post hoc test Tukey-Kramer).

Statistical analysis

All values are given as mean + S.E.M., and n denotes the number
of animals used in each experiment. The statistical significance was
analyzed by using either Student’s t-test or one-way ANOVA, fol-
lowed by the Tukey-Kramer post hoc test for comparison between
groups. Avalue of p <0.05 was considered statistically significant. In
vascular reactivity experiments, relaxations were expressed as the
percentage of Phe-induced contraction. Analyses were performed
using a GraphPad Prism version 5.00 for Windows (San Diego, CA,
USA).

Results and discussion

Signaling pathways involved in eNOS activation by BF

In order to determine the signaling pathways involved in the
BF-induced activation of NO/GMPc signaling, aortic rings were
incubated with selective inhibitors prior to the BF addition. The
incubation of aortic rings with calmidazolium [a calmodulin (CaM)
inhibitor] reduced the BF-induced relaxation (Emax=14.9+2.8)
when compared to BF relaxation in the presence of a vehicle
(Emax =94.9£1.9). On the other hand, incubation with KN-93 [a
CaM dependent protein kinase Il (CaMKII) inhibitor] did not signifi-
cantly alter BF relaxation (Fig. 1A). Treatment of aortic preparations
with wortmannin [a PI3K inhibitor] produced a significant inhibi-
tion of the relaxing responses to the BF (Emax =36.1 £4.0%), and the
addition of PP2 (a Src kinase inhibitor) did not alter the BF-induced
relaxation when compared with BF relaxation in the presence of a
vehicle (Fig. 1B).

eNOS plays a critical role in maintaining vascular homeosta-
sis, and it is constitutively expressed in the endothelium as the
primary source of NO at physiological conditions (Shaul, 2002;
Forstermann and Munzel, 2006). NO is produced in the endothe-
lium through the functional eNOS, which oxidizes its substrate
L-arginine to L-citrulline and NO. In endothelial cells, the main

signal transduction pathway of agonist-stimulated eNOS activation
depends on the calcium/calmodulin (Ca%*/CaM) complex. Upon an
increase in intracellular Ca2* concentration, Ca%*/CaM binds to the
canonical CaM-binding domain in eNOS and increases its catalytic
activity (Stuehr, 1997; Fleming and Busse, 1999, 2003). Our results
demonstrate that the effect produced by the BF is attenuated in the
presence of calmidazolium, showing that calmodulin is involved in
the BF vasorelaxant effect.

NO synthesis is also regulated by eNOS phosphorylation, a
mechanism known to be Ca2*-independent. eNOS phosphorylation
is induced by agents such as insulin, estrogens, and shear stress,
which activate protein serine/threonine kinases, such as CaMKII
(Abraham et al., 1997; Stuehr, 1997; Fleming and Busse, 2003) and
PI3K/Akt (Fulton et al., 1999; Mount et al., 2007) induce eNOS phos-
phorylation in the serine amino acid at position 1177 (Ser!177)
(Dimmeler et al., 1999). The results showed that CaMKII is not
involved in the vasorelaxant effect by BF. However, BF-induced
relaxation was significantly attenuated by a PI3K inhibitor, con-
firming the participation of PI3K signaling in the BF vasorelaxant
effect. In addition, the results indicate that the PI3K is not activated
by Src kinases.

Taken together, these findings suggest that the BF of the
crude hydroalcoholic extract of C. brasiliense leaves promotes NO
production in rat thoracic aorta, by mechanisms involving the CaM-
dependent complex and PI3K/Akt signaling.

Characterization of NO production evoked by the BF, via the
PI3K/Akt signaling pathway

The BF (30 p.g/ml) increased eNOS phosphorylation at Ser!177 in
rat aortic preparations (Fig. 2), indicating an activation of eNOS. The
participation of the PI3K/Akt signaling pathway in the BF-induced
eNOS phosphorylation was confirmed by our findings: Akt phos-
phorylation at Ser473 was significantly increased in aortic samples
incubated with BF (0.3, 3, and 30 pg/ml, Fig. 3A).

Considering that PI3K is a putative upstream activator of Akt, in
the next step of the study, the PI3K phosphorylation levels were
evaluated in the presence of BF. As shown in Fig. 3B, the level of
phospho-PI3K was significantly increased by the BF. On the other
hand, the phosphorylation of Src kinase was not altered in the
presence of BF (Fig. 3C), indicating that PI3K activation does not
involve Src proteins. Based on these results, it was demonstrated
that BF evokes phosphorylation and the stimulation of eNOS via the
PI3K-Akt pathway.

The BF-induced NO production was also evaluated. The results
showed that levels of NO metabolites were significantly higher
in vessels treated with BF 30 pg/ml (4.21 £ 0.43 wM/mg protein)
when compared with those in BF absence (2.36 +0.26 .M/mg pro-
tein) (p <0.05; Fig. 4).

These results clarify the mechanisms by which the BF promotes
vasorelaxation. The BF of the crude hydroalcoholic extract of C.
brasiliense leaves activates the PI3K/Akt signaling pathway, which
in turn, activates eNOS by Ser!177 phosphorylation. The end point
of this cellular signaling sequence is the synthesis of NO, which
was confirmed by increased NO metabolite (NOX) levels in rat aorta
incubated with the BF.

Chemical characterization of the BF

Fig. 5 illustrates the ESI FT-ICR MS of the BF. The main polar con-
stituents of the BF (sugar derivatives and phenolic compounds) are
detected in the deprotonated form [M-H]~ and as a nitrate adduct
[M+NO3~]~. Table 1 shows the measured and theoretical m/z val-
ues, mass errors, molecular formulas, and DBE of the 72 compounds
identified in the BF.
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Table 1
Assigned molecular formulae for the measured m/z values from ESI FT-ICR MS of the butanolic fraction (BF) of Caryocar brasiliense leaves.
Measured m/z Formula Theoretical m/z Error (ppm) DBE
232.00987 [C7HO05 +NOs~ |~ 232.00989 —0.0834 5
242.05164 [C6HeO5 +NO3~ |~ 242.051755 -0.4725 4
254.051751 [C7H1206 +NO3 |~ 254.051755 -0.0127 2
289.071772 [Ci5H1406 —H]~ 289.071762 0.0373 9
291.01468 [Ci13HgOg —H]~ 291.014641 0.1363 10
300.998981 [C14HO0s —H]~ 300.998991 —-0.0311 12
325.056532 [C14H1409 —H]~ 325.056506 0.0815 8
331.067064 [Ci13H16010 —H]~ 331.06707 —0.0205 6
343.067052 [C14H16010 — H]~ 343.06707 —0.0544 6
352.067443 [Ci5H1406 +NO3~ ]~ 352.067405 0.1103 9
353.108958 [C13H22041 —H]~ 353.108935 0.065 3
357.082812 [Ci5H18010 —H]~ 357.08272 0.2579 6
361.07769 [C14H18011 —H]~ 361.077635 0.1513 6
368.06233 [Ci5H1407 +NO3~ ]~ 368.062319 0.0294 9
371.11953 [Ci3H24012 —H]~ 371.1195 0.0818 2
383.062022 [Ci6H16011 —H]~ 383.061985 0.098 9
388.052213 [C14H1409 +NO3~ ]~ 388.052148 0.1652 8
392.083534 [C14H1809 +NO3~ ]~ 392.083449 02177 6
394.062765 [C13H16010 +NO3~ |~ 394.062713 0.1317 6
404.104645 [C12H22011 +NO3~ |~ 404.104578 0.166 2
406.062595 [C14H16010 +NO3~ |~ 406.062713 -0.292 7
411.093389 [CigH20011 -H]~ 411.093285 0.2531 9
420.078486 [C1sH18010 +NO3~ |~ 420.078363 0.2923 7
423.093385 [C19H20011 -H]~ 423.093285 0.2359 10
431.098415 [C21H20010 -H]~ 431.09837 0.1033 12
432.187616 [C19H3007 +NO3~ |~ 432.18752 0.223 5
433.041361 [Ci9H14012 -H]~ 433.041249 0.258 13
434.203238 [C19H3207 +NO3~ ]~ 434.20317 0.1563 4
435.129762 [C21H24010 — H]~ 435.129671 0.2097 10
439.12463 [C20H24011 —H]~ 439.124585 0.101 9
447.056997 [C20H16012 —H]~ 447.0569 0.2188 13
447.093296 [C21H20011 —H]~ 447.093285 0.0256 12
448.182465 [C19H3008 +NO3~ |~ 448.182434 0.069 5
449.109047 [C21H22011 —H]- 449.108935 0.2484 11
461.072646 [C21H18012 —H]~ 461.07255 0.2096 13
462.125339 [C19H3,07 +NO3~ |~ 462.125313 0.0556 7
463.051857 [C20H16013 —H]~ 463.051814 0.0923 13
463.088248 [C21H20012 —H]~ 463.0882 0.1037 12
463.124679 [C22H24011 —H]~ 463.124585 0.2033 11
465.103957 [C21H22012 —H]- 465.10385 0.2303 11
467.083208 [C20H20013 —H]~ 467.083114 0.1996 10
476.041488 [C27H1005 +NO3~ ]~ 476.04119 0.6272 23
477.103882 [C22H22012 —H] 477.10385 0.0673 12
479.08321 [C21H20013 —H]~ 479.083114 0.1997 12
481.135243 [C22H26012 —H]~ 481.13515 0.1939 10
483.078148 [C20H20014 —H]~ 483.078029 0.2475 11
486.088974 [C19H20011 +NO3~ |~ 486.088928 0.0944 10
494.094106 [C21H20013 +NO3 |~ 494.094013 0.1871 11
495.078074 [C21H20014 — H]~ 495.078029 0.0913 12
498.125422 [C21H24010 +NO3~ |~ 498.125313 0.2177 10
510.088847 [C21H20011 +NO3~ |~ 510.088928 -0.1586 12
511.093467 [CisH24047 —H]~ 511.094073 —1.1847 7
512.10463 [C21H22011 +NO3 |~ 512.104578 0.1007 11
516.099568 [C20H22012 +NO3~ |~ 516.099493 0.1464 18
526.083904 [C21H20012 +NO3~ |~ 526.083843 0.1162 12
528.09952 [C21H22012 +NO3 |~ 528.099493 0.0525 11
535.130604 [C21H28016 -H]~ 535.130458 0.2717 8
542.078849 [C21H20013 +NO3 |~ 542.078757 0.1699 12
546.073677 [C20H20014 +NO3~ |~ 546.073672 0.0096 11
558.073831 [C21H20014 +NO3~ |~ 558.073672 0.2852 12
577.135292 [C30H26012 —H]~ 577.13515 0.247 18
583.109439 [CosH24014 -H]~ 583.109329 0.1883 17
599.104257 [CosH24015 - H]~ 599.104244 0.0227 17
617.115001 [C28H26016 —H]~ 617.114808 03124 16
621.14639 [CosH30016 - H]~ 621.146108 0.4527 14
632.089409 [Ca7H22014 +NO3~ |~ 632.089322 0.1385 17
633.073511 [C27H22048 -H]~ 633.073337 0.2747 17
635.089114 [C27H24015 -H]~ 635.088988 0.1996 16
639.15681 [CosH32047 -H]~ 639.156673 0.2141 13
640.130927 [C30H26012 +NO3~ |~ 640.130793 0.2095 18
646.10501 [Co8H24014 +NO3~ |~ 646.104972 0.0597 16

662.099927 [C28H24015 +NO3~ ]~ 662.099887 0.0613 17
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Fig. 3. The effects of the butanolic fraction (BF) of pequi leaves (Caryocar brasiliense) BF (0.3, 3, and 30 p.g/ml) on Akt (A), PI3K (B), and Src (C) phosphorylation were determined
in endothelium-intact rat thoracic aorta with intact endothelium. Data are expressed as the means + SEM of 4-5 different immunoblots (each one corresponding to different
animals), and bar graphs are representative of the relative expression of p-Akt and p-PI3K, normalized by total-AKT or total-PI3K, respectively, and p-Src protein normalized
by B-actin. *p <0.05 versus control (ANOVA and post hoc test Tukey-Kramer).

< 57 The information provided by the ultra-high accuracy formulas
% delivered by the ESI FT ICR MS measurements (error <1 ppm), along
£ 47 with the use of the chemspider data base (www.chemspider.com),
gé allowed for the structural assignment and molecular formula of
S5 © 34 . . .
S5 the BF compounds. The structure assignments are compatible with
‘g = ) the molecular formula assigned by the ESI FT-ICR MS spectrum.
2 % ] Considering that the all-molecular formula shown in Table 1 has
é 1 a high DBE value, it is possible to suggest that most of the com-
% pounds of the BF are phenolic compounds and their derivatives.
0 Several of the identified compounds have been identified such as

: : phloridzin (1), eschweilenol C (2), flavanomarein (5), catechin (7),

Control BF 30ug/mi B-glucogallin (9), teogallin (10), vitexin (12) and compounds with

vasorelaxant activity, such as quercitrin (3) (Calderone et al., 2004),

Fig. 4. The butanolic fraction (BF) of pequi leaves (Caryocar brasiliense). Effects of roseoside (4) (Lee et al., 2002), kaempferol (6) (Xu et al., 2015),

the BF increase nitric oxide (NO) production. Nitric oxide was determined by the ellagic acid (8) (Yilmaz and Usta 2013) and epigallocatechin (11)
measurement of NO metabolites nitrate and nitrite in endothelium-intact aortic ’ !

rings incubated with the BF (30 pwg/ml) or a vehicle (control). Bars represent the (Klm etal, 2007)‘
means + SEM of 5-6 experiments (each one corresponding to different animals).
*p<0.05 versus control (unpaired ¢ test).
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Polyphenols are important constituents of plant origin, and they
are present in the fruits, vegetables, and beverages in the human
diet (Landete, 2012). Red wine, originating from grapes, contains
large amounts of phenolic components (especially kaempferol) cor-
related with vasodilatory effects, which confer on them unique
features in the prevention of cardiovascular disease (Padilla et al.,
2005). Similar to wines, the cardioprotective benefits of tea are
attributed to polyphenol compounds, as described for epigallocat-
echin, a green tea polyphenol and also identified in the BF that
mediates NO-dependent vasorelaxation (Kim et al., 2007).

Considering that the relationship between vasodilation capac-
ity and phenolic content has been extensively described

Intens.

(Andriambeloson et al., 1997, 1998; Padilla et al., 2005; Yung et al.,
2008; Landete, 2012) and that the compounds identified in the BF
are predominantly polyphenols, we can suggest that the vasore-
laxant effect of the BF is associated with phenolic compounds.
However, further pharmacological studies will be carried out to
identify the active polyphenolic compound(s) of the BF.

Conclusion

The findings here showed that the calmodulin and phos-
phatidylinositol 3-kinase (PI3K)/Akt signaling pathways are

54 [CyyH,40,,+ NOT
100 510.08904
[CyyHyy0,,+ HI
447.09347
80
[014H1b‘o70 H]
343.06714
60
C,:H,50;0+ NDST
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40| [CH:05+ NO,T
232.00990 [C1H0;2- NOSI
526.08411 -
[CyeH,,0,- HI
C4H,,0,5+ NOJ 599 20420 [CogHpy0,5+ NOJF
20 242.05174 ‘ | [562.1 0024
0 l 1 ul L, Llllh uL .L.ML MLJ \ l“t N “l lA L
200 300 400 500 600 700 800 900 m/z

Fig. 5. Electrospray lonization Fourier Transform Ion Cyclotron Resonance Mass Spectrometry (ESI FT-ICR MS) for the butanolic fraction (BF) of Caryocar brasiliense leaves.
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involved in the BF-induced endothelial NO synthase (eNOS) acti-
vation and are promoted by polyphenol compounds present in the
C. brasiliense leaves.
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