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EPIGRAFE

“Quem se apoia na prépria sabedoria nunca é sabio.”
Samer Agi (podcast)



RESUMO

A 6-nitrodopamina (6-ND) € uma nova catecolamina liberada pelo endotélio de vasos
umbilicais humanos e, neste estudo, foi avaliado se esta substancia &€ também
liberada do endotélio de artérias e veias popliteas humanas obtidas de membros
amputados por doenca arterial periférica e sua acdo nestes vasos. O estudo
demonstrou a liberagao basal da 6-ND pelo endotélio através da cromatografia liquida
acoplada a espectrofotometria de massa em tandem, mas com redugao importante
apos remogéao do endotélio ou apds inibigdo da produgéo de 6xido nitrico (NO) atraves
do tratamento com N-gama-Nitro-L-arginina-metil-éster, um inibidor da sintese de NO.
Em vasos pré-contraidos com U-46619 (mimético do tromboxano A2), o efeito de
relaxamento da musculatura lisa vascular destes vasos pela 6-ND foi demonstrada,
sendo concentragdo-dependente, de maneira similar ao antagonista seletivo dos
receptores D2-like da dopamina L-741,626. Pela primeira vez, comprovamos a
liberacdo de 6-ND em vasos popliteos humanos; a sua ag¢do antagonista da
vasoconstricdo causada pela dopamina através dos seus receptores D2-like podera
abrir novas possibilidades terapéuticas desta substancia no tratamento das doencas

arteriais obstrutivas periféricas.

Palavras-chave: dopamina; Catecolaminas; Doencga arterial oclusiva periférica.



ABSTRACT

The 6-nitrodopamine (6-ND) is a novel catecholamine released by the endothelium of
human umbilical vessels, and in this study, we investigated whether this substance is
also released from the endothelium of human popliteal arteries and veins obtained
from limbs amputated due to peripheral arterial disease and its action in these vessels.
The study demonstrated the basal release of 6-ND by the endothelium through liquid
chromatography coupled with tandem mass spectrometry, but with a significant
reduction after endothelium removal or inhibition of nitric oxide (NO) production
through treatment with L-NAME (N-gama-Nitro-L-arginina-metil-ester), an NO
synthesis inhibitor. In vessels pre-contracted with U-46619 (Tromboxane A2 -like), the
relaxation effect of vascular smooth muscle by 6-ND was demonstrated, being
concentration-dependent, similar to the selective dopamine D2-like receptor
antagonist L-741,626. For the first time, we confirmed the release of 6-ND in human
popliteal vessels; its antagonistic action against dopamine-induced vasoconstriction
through its D2-like receptors may open new therapeutic possibilities for this substance

in the treatment of peripheral obstructive arterial diseases.

Key-words: dopamine; catecholamines; lower limb peripheral artery disease.
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1. INTRODUCAO

A doenca arterial periférica obstrutiva (DAOP) é uma das principais causas de
morbidade vascular no mundo, em conjunto com a doenga coronariana e o infarto
cerebral isquémico (1). Ela caracteriza-se pela obstrug&o das artérias, principalmente
dos membros inferiores, por placas de ateroma, que progressivamente véao
estreitando o lumen arterial até causar a cessacédo do fluxo sanguineo e causar a
trombose das artérias (2). Com a evolugdo da doenga, ocorrem sintomas como a
claudicagéao intermitente, progressao para dor isquémica ao repouso e lesdes troficas
espontaneas ou por pequenos traumas, que nio cicatrizam devido a isquemia tecidual
(3). Cerca de 10% dos pacientes com DAOP necessitarao de algum procedimento de
revascularizagao para salvar o membro e evitar a sua amputacgao, situagao esta que
é inevitavel em alguns pacientes (4).

A disfuncao endotelial tem sido implicada na génese da aterosclerose, sendo
esta disfungdo uma consequéncia da hipertensao arterial, da dislipidemia, do uso do
tabaco e da prépria isquemia local causada pela trombose do lumen do vaso, entre
outros fatores. O endotélio participa ativamente do equilibrio entre relaxamento e
contragdo dos vasos sanguineos através da producdo de substéncias vasoativas,
como o oxido nitrico, prostaglandinas, prostaciclinas, angiotensina-Il, tromboxano A2
(5,6). Nesta doencga, ocorre relaxamento anormal endotélio-dependente das células
musculares lisas, cuja mediacdo normal € realizada pela via do 6xido nitrico (NO)-
cGMP (7). A estimulacdo da guanilato-ciclase soluvel € o mecanismo mais aceito pelo
qual o NO causaria vasodilatac&o (8).

As catecolaminas sdo um grupo de substancias vasoativas, que também
modulam o equilibrio entre vasoconstricao e vasodilatagao, principalmente através da
producdo neural. O conceito de que poderiamos ter estas substéncias originadas do
endotélio, com acgao local sem participacdo neuronal € um conceito relativamente novo
(6). Varios estudos tém demonstrado que a dopamina, por exemplo, tem sua liberagao
basal oriunda do endotélio em diferentes tecidos de variadas espécies (6).

A via de sintese das catecolaminas, classicamente ocorrendo nas terminacdes
neurais, inicia-se com a enzima tirosina hidroxilase (TH), que catalisa a conversao do
aminoacido tirosina em L-DOPA (L-3,4-di-hidroxifenilalanina). Pela acdo da dopa
descarboxilase ocorre a quebra de diversos outros aminoacidos L-aromaticos, como

a L-histidina e L-triptofano, que sao precursores na sintese de histamina e, também,
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da L-DOPA em dopamina. A dopamina-B-hidroxilase (DBH), localizada em vesiculas
sinapticas, converte a dopamina em noradrenalina (NA). A feniletanolamina N-
metiltransferase (FNMT) catalisa a N-metilacdo da noradrenalina para adrenalina
(9,10) nas células cromafins da medular adrenal.

Os efeitos fisiologicos gerados pela dopamina sdo mediados por receptores
acoplados a proteina G (GPCR), denominados receptores dopaminérgicos, os quais
sao divididos em dois grupos: D1-like (D1 e D5) e D2-like (D2, D3, D4) (10). Em células
musculares lisas vasculares, os receptores do tipo D1-like estdo acoplados a proteina
G estimulatdria (Gs), que ativa a enzima adenilato ciclase (adenilil ciclase), resultando
em aumento da producdo de AMPc, ativacdo de proteina quinase A (PKA) e,
consequentemente, relaxamento da tunica média vascular/vasodilatagado (10). Os
receptores do tipo D2-like, por sua vez, estdo acoplados a proteina inibitéria (Gi) e
desencadeiam eventos opostos (i.e., inibicdo da adenilil ciclase [AC], redu¢cdo dos
niveis de AMPc, diminuicdo da ativacdo de PKA e, consequentemente,
vasoconstri¢ao) (10).

Sabe-se que, em pH fisiolégico e através de diferentes mecanismos
bioquimicos, o oOxido nitrico (NO) reage com diferentes catecolaminas (e.g., a
dopamina e a noradrenalina) formando nitrocompostos, em particular, os 6-
nitroderivados (11). A 6-nitrodopamina (6-ND) € uma nitro-catecolamina com liberagédo
comprovada em vasos de corddao umbilical humano (12), aorta de Chelonoidis
carbonarius, (6) e de Panterophis guttatus (13), além de aorta toracica e artéria
pulmonar de Callithrix spp (36). Sua sintese/liberacédo esta ligada a sintese do NO,
uma vez que o uso de antagonistas da sintetase do NO, como o L-NAME, reduzem
significantemente a produgcdo da 6-ND nessas estruturas vasculares (12-14). Sua
acao nesses vasos € vasodilatadora, agindo como antagonista de receptores
dopaminérgicos D2 vasculares (14), uma vez que a dopamina exerce sua agao
vasoconstritora nas células musculares lisas através desses mesmos receptores
(15,16)). O equilibrio entre relaxamento e vasoconstricdo pode também se dar através
da 6-ND sintetizada pelo endotélio, como mais uma via pela qual o NO causa
vasodilatagdo (17-19). No presente estudo, tanto a liberacao basal de 6-ND em vasos

popliteos como suas agdes farmacologicas foram avaliadas pela primeira vez.
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2. OBJETIVOS

2.1 Objetivos gerais

Investigar a liberagdo endotelial e a agdo farmacologica in vitro da 6-

nitrodopamina em anéis arteriais e venosos popliteos humanos.

2.2 Objetivos especificos

— Quantificar a liberacdo da 6-nitrodopamina nesses aneéis vasculares por
cromatografia liquida acoplada a espectrofotometria de massa em tandem
(LC-MS/MS);

— Investigar o papel vasodilatador da 6-nitrodopamina nesses anéis
vasculares;

— Confirmar a origem endotelial da 6-nitrodopamina, demonstrando, por meio
de técnica imuno-histoquimica, a auséncia de estruturas neurais que

poderiam sintetizar/liberar alternativamente este novo mediador.
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3. MATERIAIS E METODOS/ RESULTADOS

Os materiais e métodos, assim como os resultados desta dissertacdo sao
apresentados em formato de artigo publicado na revista Life Sciences, sob o titulo:
“‘Release of 6-nitrodopamine from human popliteal artery and vein”. Os autores do
artigo publicado foram: de Oliveira LFG, Britto-Junior J, Lima AT, Moraes MO, Moraes
MEA, de Souza VB, Schenka AA, Zakia Monica F, De Nucci G. A publicacéo foi
realizada em formato on-line, em 25 de maio de 2023.
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ARTICLE INFO ABSTRACT

Keywords: 6-Nitrodopamine (6-ND) is a novel catecholamine that is released from human umbilical cord vessels, and it

Nitm‘mtecholamines causes vascular relaxation by acting as a dopamine Dy-receptor antagonist. Here it was investigated whether

:,\lnle::scllcros.ls human peripheral vessels obtained from patients who have undergone surgery for leg amputation release 6-ND,
hlebosclerosis

and its action in these tissues. Popliteal artery and vein strips present basal release of 6-ND, as measured by liquid
chromatography coupled to tandem mass spectrometry. The release was significantly reduced when the tissues
were pre-treated with the nitric oxide synthase inhibitor L-NAME (100 pM), or when the endothelium was
mechanically removed. In U-46619 (3 nM) pre-contracted rings, 6-ND induced concentration-dependent re-
laxations (pEC50 8.18 + 0.05 and 8.40 + 0.08, in artery and vein rings, respectively). The concentration-
dependent relaxations induced by 6-ND were unaffected in tissues pre-treated with L-NAME, but significantly
reduced in tissues where the endothelium has been mechanically removed. In U-46619 (3 nM) pre-contracted
rings, the selective dopamine D, receptor antagonist 1-741,626 also caused concentration-dependent re-
laxations (pECso 8.92 + 0.22 and 8.79 + 0.19, in artery and vein rings, respectively). The concentration-
dependent relaxations induced by L-741,626 were unaffected in tissues pre-treated with L-NAME, but signifi-
cantly reduced in tissues where the endothelium has been mechanically removed. This is the first demonstration
that 6-nitrodopamine is released from human peripheral artery and vein rings. The results also indicate that
endothelium-derived dopamine is a major contractile agent in the popliteal artery and vein, and that selective
dopamine Dy-receptor antagonists such as 6-ND, may have therapeutic potential in the treatment of human
peripheral vascular diseases.

Immunohistochemistry
S-100 expression

1. Introduction carbonarius aortic rings [6], Panterophis guttatus aortic rings [7], and

Callithrix spp thoracic aorta and pulmonary artery rings [8]. The syn-

Lower limb peripheral artery disease is the third leading cause of
atherosclerotic vascular morbidity after coronary heart disease and
stroke [1]. Atherosclerosis has been associated to endothelial cell
dysfunction [2], which is characterized by abnormal endothelial-
dependent smooth muscle relaxation, due to impairment of the NO-
c¢GMP pathway [3]. The stimulation of soluble guanylate cyclase is
presently considered the main mechanism by which NO causes vasodi-
lation [4]. 6-nitrodopamine (6-ND) is a nitro-catecholamine that is
released by the endothelium of human cord vessels [5], Chelonoidis

thesis/release of 6-ND is coupled to nitric oxide (NO) synthesis, since it
is significantly reduced when the vascular tissues are pre-treated with
the NO synthase inhibitor L-NAME [6-8]. In these vascular tissues, 6-ND
is a potent vasorelaxant, acting as a highly and truly selective dopamine
Dy jike receptor antagonist [8]. Indeed, vascular endothelial cells can
synthetize dopamine and other catecholamines [9], and human umbil-
ical cord vessels do present release of dopamine [5,11]. Dopamine
contracts vascular smooth muscle via Dy ke receptors [10,11], thus
biosynthesis of 6-ND should be considered as another mechanism by
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which NO causes vasodilation [6-8].

In this manuscript, the release of 6-ND was evaluated by liquid
chromatography coupled to tandem mass spectrometry (LC-MS/MS)
from human popliteal artery and vein, obtained from patients who have
undergone surgery for leg amputation. Since 6-ND has been character-
ized as a potent vasorelaxant, its action on pre-contracted vessels was
evaluated in the presence of the nitric oxide (NO) synthase inhibitor L-
NAME and in endothelium-denuded vessels.

2. Material and methods
2.1. Study participants

Twenty-six patients (17 male and 9 female), aged from 60 to 95
years, with diagnostic of diabetic foot (15 patients) or arterial insuffi-
ciency (11) have undergone surgery for leg amputation in the Hospital
Santa Casa de Misericordia (Sorocaba-SP, Brazil). The investigation
followed the principles outlined in the Declaration of Helsinki and the
protocol was approved by the Ethics Committee of the Institute of
Biomedical Sciences of the University of Sao Paulo — ICB/USP (protocol
number 3.583.667), and the patients were asked to sign an informed
consent.

2.2. Vessels preparation

The human popliteal artery and vein were removed, with special care
not to damage the endothelial layer or to over distend the vessels during
the procedure. The vessels were placed in a container with Krebs-Hen-
seleit’s solution (KHS; pH 7.4, 95%0,:5%CO5,) at 8 °C.

2.3. Basal release of catecholamines from human popliteal vessels

The vessels were dissected free of connective tissue and bisected into
15-mm-length rings and suspended in 5-mL organ baths containing KHS
with ascorbic acid (1 mM) continuously gassed with a mixture of 95%
02:5%CO0, at 37 °C for 30 min. The release of 6-ND, dopamine,
noradrenaline, and adrenaline was evaluated in intact vessels and in
vessels whose endothelia was mechanically removed. The release of the
catecholamines was also assessed in intact vessels that were pre-
incubated (30 min) in the absence and presence of the NO synthesis
inhibitor N, -nitro-L-arginine methyl ester (L-NAME, 100 uM). A 2 mL
KHS aliquot was transferred to a tube and stored at —20 °C until further
analysis by LC-MS/MS.

2.4. Determination of catech
spectrometry (LC-MS/MS)

in KHS by tandem mass

The extraction of 6-ND, dopamine, noradrenaline, and adrenaline,
from 1 mL of KHS was performed by solid phase extraction. To 1 mL of
KHS was added 50 pL of the internal standard (100 ng/mL of 6-nitro-
dopamine-dy4). The samples were homogenized for 10 s. The Strata™-X
33 mm Polymeric Reversed Solid Phase Extraction (SPE) cartridges were
pre-conditioned with 1 mL of methanol and then balanced by 2 mL of
deionized water. The samples were injected into the cartridge, and the
cartridge was subsequently washed 3 times with deionized water. The
samples were then eluted with 0.9 mL methanol/water (90/10, v/v)
with 0.1 % formic acid. The eluate was evaporated under N flow at
50 °C. The residue was dissolved with 100 pL of acetonitrile/water (50/
50, v/v) with 0.1 % formic acid and transferred to vials ready for in-
jection. The LC-MS/MS system consisted of LC ADVp Liquid Chro-
matograph Shimadzu System (Shimadzu Corporation, Kyoto, Japan)
coupled to an 8060 triple quadrupole mass spectrometer (Shimadzu
Corporation, Kyoto, Japan) operating in electrospray positive-ionization
mode. Samples were injected into the system by means of a SIL-30 AC
autoinjector, at a temperature of 8 °C. The chromatography separation
was performed at room temperature using a GIST-HP C;g column (150
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mm x 3.0 mm, 3 mm) column (Shimadzu, Duisburg, Germany). A 75 %
mobile phase A consisting of deionized water with 0.1 % formic acid (v/
v) and 25 % mobile phase B consisting of acetonitrile/water (90/10, v/v)
with 0.1 % formic acid at a flow rate of 0.35 mL/min were used. The
mobile phase perfused a LC ADVp Liquid Chromatograph Shimadzu
System coupled to a Shimadzu 8060 triple quadrupole mass spectrom-
eter operating in ESP™ mode at 350 pL/min. The dissolved residues were
injected by a SIL-30 AC autoinjector, at a temperature of 8 °C. The
transitions monitored by electrospray multiple reaction monitoring
(MRM), injection volume, run-time and limit of quantitation were
described elsewhere [12,13].

2.5. Effect of 6-ND in pre-contracted vessels rings

Briefly, rings (5-mm) of human popliteal artery and popliteal vein
were suspended vertically between two metal hooks in 10-mL organ
baths containing KHS, continuously gassed with a mixture of 95%05:5%
CO, (pH 7.4) at 37 °C. Tissues were allowed to equilibrate under a
resting tension of 10 mN, and the isometric tension was registered using
a PowerLab system (ADInstruments, Sydney, Australia).

Vessels rings with intact and denuded endothelium and
endothelium-intact rings pre-treated with NO synthase inhibitor L-
NAME (100 pM), were pre-contracted with the thromboxane A, (TXA;)
mimetic U-46619 (3 nM). After a sustained contraction was obtained,
cumulative concentration-response curves to 6-ND (10 pM -~ 300 nM)
were performed. The relaxation responses were expressed as percentage
of the contractile response. The removal of the endothelium was done
mechanically by gently rubbing the vessels with forceps.

2.6. Histological analysis

After 48 h of fixation in 10 % neutral buffered formalin, the samples
of human popliteal artery and vein were processed, embedded in
paraffin blocks and cut into 5-pum sections using a microtome. All tissue
sections were submitted to H&E staining. Images from these slides were
obtained of a trinocular Eclipse 50i microscope (Nikon, Tokyo, Japan)
coupled to a 10MP CMOS digital camera (Mu1003, Amscope, USA).

2.7. Immunohistochemistry

The immunohistochemistry slides were prepared, processed and
stained manually. Briefly, 5-pm sections of formalin-fixed, paraffin-
embedded samples of human popliteal artery and vein (N = 3, one
sample per artery or vein) were deparaffinized in xylene and rehydrated
in a series of ethanol baths of increasing concentration. Then, they were
treated for 10 min with 3 % H,0; to neutralize endogenous peroxidase,
washed and incubated in citrate buffer at pH 6.0 (regardless of primary
antibody) in a steamer set for 20 min (at 95° C). Later, the sections were
incubated for 2 h at room temperature (25° C) with the following pri-
mary antibodies: (1) a rabbit monoclonal anti-human calretinin anti-
body (catalog code: ab92341; clone: EP1798; immunogen: synthetic
peptide,” dilution: 1:100 in PBS; Abcam, Cambridge, UK) and (2) a
mouse monoclonal anti-S100 (catalog code: ab4066; clone: 4C4.9;
immunogen: full length protein; dilution: 1:100 in PBS; Abcam, Cam-
bridge, UK). Subsequently, these sections were incubated with the
NovoLink Max Polymer Detection System (Novocastra/Leica Bio-
systems), following the manufacturer’s instructions, and using dia-
minobenzidine (liquid DAB, DakoCytomation, Carpenteria, USA) as a
chromogen (which renders a brown precipitate at the antibody binding
site). Then, the sections were counter-stained with Harris” hematoxylin
and cover-slipped in Entellan. Formalin-fixed, paraffin-embedded sec-
tions of human basal ganglia (brain tissue) were used as positive controls
for the presence of calretinin and $100. All slides were examined using a

2 The information regarding its sequence is proprietary to Abcam.
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trinocular Eclipse 50i microscope (Nikon, Tokyo, Japan) coupled to a
10MP CMOS digital camera (Mul003, Amscope, USA).

2.8. Data analysis

Nonlinear regression analysis to determine the pECso was carried out
using GraphPad Prism (GraphPad Software, version 9.5, San Diego, CA,
USA). The values of pECs data represent the mean + standard error of
the mean (S.E.M.) of n experiments. Values of E,,x were expressed in %
of relaxation (100 % relaxation represents the tension of the tissue not
pre-incubated with the contractile agent). Student’s one-tail unpaired t-
test was employed and the differences between groups and p < 0.05 was
considered significant. For Ey,ax and pECsg analysis, unpaired Student’s
t-test was used. In the pharmacological experiments, the number of
experiments in expressed as x/y, where x represents the number of pa-
tients and y the number of rings employed in the experiment.

3. Results

3.1. Effect of L-NAME and mechanical removal of the endothelium on the
basal release of catecholamines

Basal release of 6-ND was detected in KHS obtained from popliteal
artery (Fig. 1A and C) and popliteal vein (Fig. 1B and D). This was
significantly reduced when the rings were pre-incubated (30 min) with
L-NAME (100 pM; Fig. 1A and B), or when the endothelium was me-
chanically removed from the popliteal artery (Fig. 1C) and from the
popliteal vein (Fig. 1D) rings. The levels of dopamine, noradrenaline and
adrenaline were below the limit of quantitation (0.1 ng/mL) in control
rings and in rings pre-incubated with L-NAME (data not shown).
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3.2. Relaxing effects of 6-ND on pre-contracted human popliteal vessels
rings

In pre-contracted (U-46619, 3 nM) vessels, 6-ND induced
concentration-dependent relaxations of popliteal artery (pECsg 8.17 +
0.02 and Eax 66.78 + 3.23 %; Fig. 2A) and popliteal vein (pECsg 8.26
+ 0.09 and E,x 83.24 + 9.84 %,; Fig. 2B). The mechanical removal of
the endothelium caused a significant inhibition of 6-ND induced relax-
ation of the popliteal artery (Fig. 2A) and popliteal vein (Fig. 2B).

The relaxations induced by 6-ND were not significantly affected
when the vascular tissues were pre-treated (30 min) with L-NAME (100
uM; Fig. 2C-D). The values of E, .y, PECsg and p-values are displayed in
Table 1.

3.3. Relaxing effects of L-741,626 on pre-contracted human popliteal
vessels rings

In pre-contracted (U-46619, 3 nM) popliteal artery and vein rings,
the dopaminergic selective D, antagonist L-741,626 induced
concentration-dependent relaxations of popliteal artery (pECsp 8.73 +
0.28 and E ;4 58.08 + 8.85 %; Fig. 3A) and popliteal vein (pECsp 9.12
+0.17 and Eax 68.66 + 6.73 %,; Fig. 3B) rings. The mechanical removal
of the endothelium caused significant inhibitions of L-741,626 induced
relaxations on the popliteal artery (Fig. 3A) and popliteal vein (Fig. 3B)
rings.

The relaxations induced by L-741,626 were not significantly affected
when the vascular tissues were pre-treated (30 min) with L-NAME (100
pM; Fig. 3C-D). The values of pECsg, Epjax, and p-values, are displayed in
Table 2.
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Fig. 1. Basal release of 6-nitrodopamine (6-ND) from human popliteal artery and vein.

Panels A and B show the effect of pre-incubation (30 min) of L-NAME (100 uM) on basal release of 6-ND from popliteal artery (n = 7) and popliteal vein (n = 4),
respectively. Panels C and D show the effect of endothelium removal (E-) on the basal release of 6-ND from popliteal artery (n = 6) and popliteal vein (n = 6),
respectively. Data are reported as means+SEM. *P < 0.05 (Student’s unpaired r-test).



L.F.G. de Oliveira et al.

Popliteal artery

>

N
o

e

%Relaxation pre-contraction
with U-46619 3nM
~ o
a8
2 ]

o E+(n=3/4)
© E-(n=30)

100-

-1 10 -9 -8
Log [6-ND], M

(9]

N
o

o

%Relaxation pre-contraction
with U-46619 3nM
~ wn
it S

O

-8~ Control (n= 3/6)
-©- L-NAME 100 uM (n= 3/6)

100+

-1 -10 -9 -8
Log [6-ND], M

18

Life Sciences 326 (2023) 121801

Popliteal vein

01
H
= ()
S« 251
£z 0
32
£8 50
5 4
g3
s £
E
;3 75
) & E+(n=3/6) I
© E-(n=3/5)
100-
-10 -9 -8 -7 -6
Log [6-ND], M
04
c
2
g= .
EE 259
o
9o
£8
2N
g:, 504
s £
g 75 N
s [
-~ Control (n= 3/5)
-© L-NAME 100 pM (n= 3/5) ?
1004 HM ( )
-10 -9 -8 7 6

Log [6-ND], M

Fig. 2. Relaxations induced by 6-nitrodopamine (6-ND) in U-46619-pre-contracted human popliteal artery and vein rings. Panels A and B show the effect of
endothelium removal (E-) on the relaxations induced by 6-ND on human popliteal artery and vein. Panels C and D show the effect of pre-incubation (30 min) of L-
NAME (100 pM) on the relaxations induced by 6-ND on popliteal artery and popliteal vein rings. The number of experiments (n) is reported as x/y, where x represents

the number of patients and y the number of rings employed.

Table 1

The potency (pECsp) and the maximum response (E,,ay) of the relaxing effects
induced by 6-ND on pre-contracted (U-46619 3 nM) human popliteal artery and
vein rings. P values were obtained by Student unpaired, two tail t-test,
comparing treated versus control (not treated) vessels.

6-Nitrodopamine PECso (log[M])  P-value  Epux (%) Pvalue n

Artery E+ 8.17 + 0.04 62.26 + 5.40 3/4
Artery E- 7.70 + 0.22 0.1203 40.31 + 6.25 0.0370 3/3
Vein E+ 8.24 + 0.09 87.64 + 8.82 3/6
Vein E- 7.72 + 0.92 0.1316 33.39 £ 8.44 0.0019 3/5
Artery E+ control 8.18 + 0.05 75.66 + 6.59 3/6
Artery E+ L-NAME 8.09 + 0.32 0.3831 81.55 + 5.69 0.1576 3/6
Vein E+ control 8.40 + 0.08 94.05 + 3.36 3/5
Vein E+ LNAME 8.34 + 0.14 0.3578  80.29 + 7.62 0.0648 3/5

3.4. Immunomorphology

All of the examined popliteal arteries and veins harbored patholog-
ical findings consistent with arteriosclerosis or phlebosclerosis, respec-
tively (see Table 3 and Fig. 4). Arteriosclerosis was characterized by
intimal fibrosis of various intensity and confluent dystrophic calcifica-
tions within tunicae media and intima. Phlebosclerosis, on the other
hand, comprised two main components: smooth muscle hyperplasia of
the medial layer (usually moderate to severe) and prominent fibrosis of
the intima. No distinctive alterations were observed in endothelial cells
of both vessel types at light microscopy, in the examined samples.

Delicate nerve fibers (with an average diameter of 30 pm) were rarely
seen in the outer rim of tunica adventitia and in this particular layer only
(usually 1 discrete structure per tissue section, regardless of vessel type).
In one sample of each vessel type, no nervus vasorum could be
morphologically identified. No neural structures were observed in
tunicae media or intima, and none of the detected nervi vasorum were
found in close proximity to or making direct contact with either medial
or intimal layers. Furthermore, no apparent differences between arteries
and veins regarding number, size or topography of nerves were seen in
the current set of samples.

Immunohistochemistry results are summarized and illustrated in
Table 3 and Fig. 5, respectively. Using this technique, S-100 protein
expression could be detected in all nervi vasorum present in both artery
and vein sections. Calretinin, by contrast, was consistently negative in
all morphologically identifiable nerves (but positive in all positive
control sections [human brain] performed in each batch of immuno-
histochemistry slides). Of notice, no unspecific/background staining
was observed in negative control slides.

4. Discussion

This is the first demonstration that 6-nitrodopamine is released from
human peripheral artery and vein rings. 6-Nitrodopamine was the major
catecholamine released from human popliteal artery and vein rings, and
the release was significantly reduced when the endothelium was me-
chanically removed. Indeed, the basal release of 6-ND was significantly
decreased in human umbilical cord vessels following mechanical
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Fig. 3. Relaxations induced by 1-741,626 in U-46619-pre-contracted human popliteal artery and vein rings. Panels A and B show the effect of endothelium removal
(E-) on the relaxations induced by L-741,6260n human popliteal artery and vein. Panels C and D show the effect of pre-incubation (30 min) of L-NAME (100 pM) on
the relaxations induced by L-741,626 on popliteal artery and popliteal vein rings. The number of experiments (n) is reported as x/y, where x represents the number of

patients and y the number of rings employed.

Table 2

The potency (pECsp) and the maximum response (E,,ay) of the relaxing effects
induced by L-741,626 on pre-contracted (U-46619 3 nM) human popliteal artery
and vein rings. P values were obtained by Student unpaired, two tail t-test,
comparing treated versus control (not treated) vessels.

L-741,626 PECso (log[M])  P-value  Epux (%) Pvalue n

Artery E+ 8.27 +0.21 63.30 + 8.86 477
Artery E- 8.61 +0.28 0.4854  34.98 +237  0.0111 3/5
Vein E+ 9.31 +0.17 69.35 + 9.15 3/5
Vein E- 8.74 + 0.57 0.1095 10.01 +6.77  0.0018  4/8
Artery E+ control 8.92 + 0.22 58.60 + 8.60 4/8
Artery E+ LNAME  8.68 + 0.22 0.2321 57.24+7.59  0.4538  4/7
Vein E+ control 8.79 + 0.19 60.66 + 7.27 4/8
Vein E+ L-NAME 8.74 + 0.39 0.4496  63.90 +6.65 0.3734  4/8

removal of the endothelium [5]. Human umbilical cord vessels appar-
ently do not present innervation, since no cholinergic or adrenergic
nerve fibers have been identified by fluorescence [13]. Immunohisto-
chemistry assays performed with monoclonal and polyclonal antibodies
against neuron-associated antigens have also proven negative [14].
Aortae obtained from Chelonoidis carbonarius [15], Panterophis guttatus
[7] and Callithrix spp [8] were all negative for S-100, as evaluated by
immunohistochemistry. Thus, the finding that the basal release of 6-ND
from popliteal artery and vein rings was significantly reduced when the
endothelium was mechanically removed, coupled to the evidence that
the immunohistochemistry examination revealed immunoreactivity for

5

Table 3
Human popliteal artery and vein innervation: immunomorphological features
using rabbit polyclonal antibodies against neural markers S-100 and Calretinin
protein.

Popliteal vein Popliteal
n=3 artery
n=3
Morphology
— Morphologically identifiable nerves 2/3 2/3
(location) (adventitia) (adventitia)
— Pathological findings (arteriosclerosis or 3/3 3/3
phlebosclerosis):
— Main components:
W Intimal fibrosis: 3/3 3/3
B Medial smooth muscle hyperplasia 2/3 0/3
Immunohistochemistry”
~ $-100-positive nerve fibers: 2/3 2/3
(adventitia) (adventitia)
— Calretinin-positive nerve fibers: 0/3 0/3

* No significant background reaction was observed on the slides stained for S-
100 or Calretinin proteins.

the neuromarkers S-100 [16,17] only in the nervi vasorum, supports the
concept that the basal release of 6-ND is endothelium-derived. In
contrast to the S-100 neuromarker, immunoreactivity for calretinin was
not detected, though nerve terminals were morphologically identified in
both artery and vein slices. Calretinin is a member of the EF-hand family
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of calcium-binding proteins [18] and is found in specific neuronal sub-
populations throughout the rodent [19], primate brain [20] and pitui-
tary nerve terminals [21]. Immunoreactivity for calretinin was also
present in nerve terminals of the rat sympathetic nervous system [22].
Thus, the conclusion is that calretinin cannot be considered a reliable
marker for nerve structures in human vessels.

Nitroglycerin causes smooth muscle relaxation in popliteal ring
preparations pre-contracted with 5-hydroxytryptamine [23]. It is
interesting that the pECs, of GTN in this preparation was approximately
6.5, whereas that of 6-ND is almost one hundred times more potent, and
the pECs of the D,-dopamine antagonist L-741,626 was over one
hundred times more potent. These results indicate that endothelium-
derived dopamine is a major contractile agent in the popliteal artery
and vein. It is interesting that noradrenaline elicits very poor contractile
response in these preparations [23], indicating that «;-adrenoceptors
are probably not relevant in these peripheral vessels. As a vasodilator in
human vascular tissues, 6-ND is 10-30 times more potent than acetyl-
choline [24,25], 10 times more potent than histamine [26], similar
potency to bradykinin [26] and 10 times less potent that vascular
endothelial growth factor (VEGF) [27]. However, it is important to
emphasize that in contrast to 6-ND, the relaxation induced by all these
other endogenous mediators are affected by inhibition of NO synthase.

20

Life Sciences 326 (2023) 121801

Fig. 4. Morphological aspects of human
popliteal artery (a, ¢, ) and vein (b, d, f) in
this series. (a) Popliteal artery (Pa), low-
power field, showing severe fibrosis of
tunica intima (TI), dystrophic calcifications
within TI and tunica media (TM), with no
alterations in tunica adventitia (TA). (b)
Popliteal vein (Pv), low-power field,
exhibiting intimal fibrosis and moderate
medial smooth muscle hyplerplasia. (¢) and
(d) illustrate the presence of rare, delicate
nerve fibers (dashed circles) within TA only
(¢ = Pa; d = Pv), and the distance (double-
arrowed lines) between these neural struc-
tures and TM (of notice, no neural struc-
tures were observed penetrating TM or
reaching TI). (e) and (f) represent the main
AN phological asp of
TA nerve fibers (nervi vasorum, see dashed
circles) which allow for their prompt
identification even without the aid of neu-
ral immunohistochemical ~ markers.
Hematoxylin-eosin (H&E), original magni-
fications: 40x (a-d), 200x (e,f). TI = tunica
intima, TM = tunica media, TA = tunica
adventitia, C = calcifications.

This characteristic increases the potential therapeutic use of 6-ND in
diseased vessels.

The action of dopamine in the vasculature is quite heterogenous,
depending on species, vessels, and doses. For instance, in human and
monkey epicardial coronary arteries, dopamine induced contractions,
whereas in the dog y artery, it ind vasorelaxation [28]. Even
within the same species, the hanism has been idered compl
since dopamine in an intact dog can produce either an increase or
decrease in coronary circulation [29]. This heterogeneity has been
associated with its actions on a-adrenergic and dopaminergic receptors
responsible for vasoconstriction and vasodilation, respectively [30].
Indeed, in the dog cerebral arteries, dopamine causes contraction, but
when pretreated with nonselective a-blocker phenoxybenzamine [31], it
caused relaxation [32]. However, the expression of dopamine receptors
in the vasculature is complex; five genes encoding dopamine receptors
have been characterized and these receptors have been classified into
two subfamilies: the Dj-like receptor subtypes (D1R and D5R), whose
activation stimulates adenylate cyclase, and the Dy-like receptors sub-
family (D2R, D3R and D4R), linked to Gi, which inhibits adenyl cyclase
[33]. All five dopamine receptors have been identified in vascular beds
in vitro by radioligand-receptor binding, autoradiographic techniques
and immunohistochemistry [34-36]. Our results indicate that dopamine
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Fig. 5. Immunohistochemical detection of nervi vasorum in human Popliteal artery (a, ¢, e) and vein (b, d, f): representative images. S-100 protein positive nerve
fibers (dashed circles) in Popliteal artery (a) and vein (b) tunica adventitia (TA). Popliteal artery (c¢) and vein (d) nerve fibers of the TA showing no detectable

of calretinin protein. Similarly, negative ¢ Is (ab

of primary antibody) show no brown chr

ition in nervi vasorum (dashed

(DAB) dep

lines) in both Popliteal artery (e) or vein (f). No positivity for either neural marker was observed in tunicae intima and media. Immunoperoxidase/DAB, 400 x
(original magnification). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

causes vasoconstriction by acting on dopamine D2-like receptors, since
both 6-ND and L-741,626 cause relaxation. Identification and localiza-
tion of these receptors in human popliteal artery and vein by immuno-
histochemistry and fluoresce in situ hybridization should clarify the
potential modulatory role of dopamine in human peripheral vessel
tonus.

The vessels used in our experiments were obtained from diseased
patients, and the vessels present substantial amounts of calcification,
although no major morphological alteration has been seen in the

endothelium at light microscopy. Oxidative stress has been considered a
reliable marker of vessel plaque instability [37]. Oxidative stress is
characterized as an imbalance between reactive oxygen and nitrogen
species, and antioxidants [38]. The finding that the release of 6-ND was
significantly reduced when the popliteal artery and vein rings were pre-
treated with the NO synthase inhibitor L-NAME, as reported for other
vascular tissues [6-8], indicates that there is another source of NO, in-
dependent of the metabolism of arginine by NO synthase. Indeed, in-
cubation of dopamine with NaNO; and HO; in a cell free system



L.FE.G. de Oliveira et al.

generates 6-nitrodopamine as detected by LC-MS/MS [39], and the
release of 6-ND from HUA rings are significantly reduced in the presence
of catalase and the peroxidase mimetic ebselen [40,41], and increased
when the rings are pre-incubated with the NOX;,4 inhibitor GKT-
137831, and the NOXj inhibitor GSK-2795039 [42], indicating a po-
tential role for endogenous nitrite and peroxidases as alternative
biosynthetic pathways for 6-ND synthesis [43]. Unfortunately, it was not
possible to evaluate the basal release of 6-ND from healthy popliteal
artery and vein rings. Whether the oxidative stress generates an imbal-
ance in the production of endothelium-derived nitrocatecholamines
remains to be further investigated.

5. Conclusion

6-Nitrodopamine is the major catecholamine released from human
peripheral vessels. Endothelium-derived dopamine is a major contractile
agent in the popliteal artery and vein, and selective dopamine D2-
receptor antagonists such as 6-ND, may present therapeutic potential
in the treatment of human peripheral vascular diseases.
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4. DISCUSSAO

Este estudo foi pioneiro em demonstrar a liberagdo basal de 6-ND pelos
vasos popliteos humanos. 6-ND foi a catecolamina principal identificada, mas com
liberagdo muito diminuida pela retirada do endotélio, assim como acontece nos
vasos do cordado umbilical (12). Estes ultimos, aparentemente, ndo possuem
inervagao (18,19).

Uma vez que n&o foram identificadas estruturas neurais/neuronais na tunica
meédia e intima, apenas na camada adventicia (20,21), e sendo a falta de endotélio
um fator inibidor da liberagdo da 6-ND, nos parece que esta liberacdo da 6-ND é
derivada do endotélio. Apresenta-se sendo 100 vezes mais potente do que a
nitroglicerina (22); 10-30 vezes mais que a acetilcolina (23,24 ); dez vezes mais que
a histamina (25); similar a bradicinina (25) e dez vezes menos potente que o fator
de crescimento endotelial vascular (26). Vale aqui ressaltar que a vasodilatagao
causada por estas ultimas substancias é afetada pela inibicdo da sintase de NO,
aumentando o potencial terapéutico da 6-ND em vasos patoldgicos.

A acdo da dopamina no sistema cardiovascular € bem heterogénea,
dependendo da espécie, vasos e doses. Pode causar vasoconstricdo ou
vasodilatagdo, dependendo da sua agdo em receptores dopaminérgicos, beta-2
adrenérgicos ou alfa-1 adrenérgicos (27-31). Os receptores dopaminérgicos sao
agregados em duas subfamilias, D1-like (que inclui os receptores D1 e D5 —
estimuladores da adenilato ciclase [AC]), e D2-like (que inclui D2, D3 e D4 —
inibidores da AC) (32). Todos os cinco subtipos foram encontrados na vasculatura
humana (33-35), sendo que os D2-like parecem causar vasoconstrigdo. A correta
identificacao e localizagao desses receptores em vasos popliteos e outros vasos
periféricos e centrais ajudardo a entender melhor o papel modulador vascular da

dopamina e, consequentemente, o da 6-nitrodopamina.
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5. CONCLUSOES

O presente trabalho descreve de forma inédita a 6-Nitrodopamina como um

novo mediador vasoativo catecolaminérgico, produzido e secretado no endotélio de

vasos popliteos humanos (e, possivelmente, na maioria dos vasos periféricos

humanos) com ac&o vasodilatadora significante.

A 6-Nitrodopamina € a catecolamina liberada em maior quantidade nos vasos
popliteos (e, possivelmente, na maioria dos vasos periféricos humanos) e
indiretamente podemos concluir que a dopamina € um importante vasoconstritor na
artéria e veia poplitea.

Antagonistas seletivos dos receptores D2-like da dopamina, como a 6-ND,
apresentam grande potencial terapéutico no tratamento de doengas vasculares
periféricas (Que cursam com insuficiéncia vascular).

Os dados farmacoldgicos e histoquimicos indicam que a principal fonte de
dopamina e 6-nitrodopamina é o endotélio.

A calretinina ndo € um bom marcador neural em vasos popliteos (e,
possivelmente, em vasos periféricos humanos). Esta constatacdo tem implicagbes

praticas para a pesquisa basica nesta area.
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ANEXO 2- TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Protocolo GDN 009/19 Catecolaminas Endoteliais — Aterosclerose grave

Termo de Consentimento Livre e Esclarecido

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Avaliagao do papel fisiopatologico das catecolaminas endoteliais de vasos
de pernas de amputados devido aterosclerose grave.

Protocolo nimero GDN 009/19

Vocé esta sendo convidada a participar de um projeto de pesquisa. Leia atentamente as
informagées abaixo e faca qualquer pergunta que desejar, para que todos os
procedimentos desta pesquisa sejam esclarecidos.

Pesquisadores Responsaveis:

Guilherme Machado de Figueiredo Murari

Wesley Willian Gomes da silva

Prof. Dr. Gilberto De Nucci

DADOS DO PARTICIPANTE

Nome:

Data de Nascimento: / /

Telefones para contato: () /
E-mail

(opcional):

NATUREZA E PROPOSITO DO ESTUDO

Este estudo visa investigar a importancia das catecolaminas, uma substancia
produzida pelos nervos e também por células endoteliais (um tipo de célula que
recobre o interior dos vasos sanguineos), presentes em vasos de pernas
amputadas. O material sera obtido no Hospital Estadual de Sumaré.

Rubrica Pesquisador Paginalde4 Rubrica Participante



Protocolo GDN 009/19 Catecolaminas Endoteliais — Aterosclerose grave

Termo de Consentimento Livre e Esclarecido

PROCEDIMENTOS A SEREM REALIZADOS E RESPONSABILIDADES

Durante os procedimentos, imediatamente apds a cirurgia de amputacéo,
segmentos de veia safena magna, artéria fibular, artéria tibial posterior, artéria
tibial serdo jogados fora. Iremos utilizar pedagos desse material (descarte) para
testar a presenca e caracteristica da producao de catecolaminas.

Vocé nao precisara receber qualquer tipo de tratamento para a participagdo no
estudo. N3o havera contato com vocé. Esse pequeno pedaco de tecido sera
levado para um laboratério para executarmos a pesquisa.

Vocé nao sera identificado durante os experimentos e esse teste ndo vai lhe
trazer qualquer beneficio. Ndo se trata de exame para diagnosticar algum tipo
de doenca.

RESPONSABILIDADES
Nossa responsabilidade com vocé sera manter sua identificacao e sigilo.

POSSIVEIS RISCOS E DESCONFORTOS

Esse estudo nao trara nenhum risco pra vocg, tendo em vista que iremos coletar

material destinado ao descarte, sem termos contato com vocé.

BENEFiICIOS OU COMPENSACOES

Nao ha qualquer tipo de beneficio ou compensacao previstos.

INTERCORRENCIAS (efeitos indesejaveis)

Uma vez que se trata de tecido descartado ndao ha qualquer risco de

intercorréncia ou efeitos indesejados.
RESSARCIMENTO

Nao havera ressarcimento pelo uso dos tecidos vasculares descartados.

Rubrica Pesquisador Péagina2de4 Rubrica Participante
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Protocolo GDN 009/19 Catecolaminas Endoteliais — Aterosclerose grave

Termo de Consentimento Livre e Esclarecido

DIVULGAGAO DE INFORMAGCOES QUANTO A PARTICIPACAO NO ESTUDO

Os resultados obtidos deverao fazer parte de publicacdes cientificas e de teses
de alunos de pos-graduacdo. Sua identificacdo sera mantida em sigilo.

CONTATOS E PERGUNTAS

Caso surja alguma duvida vocé podera contatar o Dr. Gilberto De Nucci, para
receber informacdes adicionais, relacionadas a pesquisa.

Podera também contatar a Secretaria do Comité de Etica em Pesquisas da
Universidade de Sao Paulo (USP) fone (11) 3091-7733, email: cep@icb.usp.br
para questionamentos de aspectos éticos do estudo.

Vocé recebera uma via deste Termo de Consentimento Livre e Esclarecido.

Médico do estudo: Gilberto De Nucci

Endereco: Av. Jodo Erbolato, 266 — Jardim Chapadao — Campinas/SP
Numeros de telefone: (19) 3243-2767 / (19) 99178-8879

Numero de telefone para emergéncias e contato 24 horas: (19)

99178-8879

Vocé devera rubricar todas as folhas deste Termo de Consentimento Livre e

Esclarecido — TCLE.

O pesquisador responsavel devera, da mesma forma, rubricar todas as folhas do
Termo de Consentimento Livre e Esclarecido — TCLE apondo sua assinatura na
ultima pagina do referido Termo. O TCLE sera emitido em duas vias, sendo que
uma via ficara com o participante da pesquisa e a outra com o pesquisador

responsavel.

Se vocé concorda com o exposto acima leia e assine o documento abaixo:

Acredito ter sido suficientemente informado(a) a respeito das informagdes que li

ou que foram lidas para mim sobre o estudo “Avaliacao do papel fisiopatolégico

Rubrica Pesquisador Pagina3de4 Rubrica Participante
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Protocolo GDN 009/19 Catecolaminas Endoteliais — Aterosclerose grave
Termo de Consentimento Livre e Esclarecido

das catecolaminas endoteliais de vasos de pernas de amputados devido
aterosclerose grave”.

Eu discuti com os pesquisadores responsaveis e esta claro para mim quais séo
os propositos do estudo, os procedimentos a serem realizados, quais sao seus
desconfortos, riscos e a garantia de confidencialidade dos meus dados. Entendo
que sempre que eu tiver duvidas elas serdo esclarecidas e que minha
participacéo € isenta de despesas. Concordo voluntariamente em fazer parte
deste estudo e poderei retirar o meu consentimento a qualquer momento, antes
ou durante o mesmo, sem penalidades ou prejuizo ou perda de qualquer

beneficio que eu possa ter adquirido.

Concordo que o material colhido possa ser utilizado em outros projetos desde
que autorizado pelo Comité de Etica deste Instituto e pelo responsavel por esta
pesquisa. Caso minha manifestacdo seja positiva, poderei retirar essa

autorizagdo a qualquer momento sem qualquer prejuizo para mim.

NOME DO PARTICIPANTE DATA Assinatura
PESSOA QUE ESTA OBTENDO O TERMO DE CONSENTIMENTO ~ DATA Assinatura
TESTEMUNHA DATA Assinatura

(Somente necessario se o participante ndo souber ler)
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De: Permissions Helpdesk permissionshelpdesk@elsevier.com
Assunto: Re: permission for use an article of mine in my Ms.C. dissertation) [240723-001991]
Data: 23 de julho de 2024 as 06:52
Para: drfredvascular@gmail.com

How was our service today? dg @

Dear Luis frederico gerbase de oliveira

We hereby grant you permission to reprint the material below at no charge in
your thesis subject to the following conditions:

RE: Release of 6-nitrodopamine from human popliteal artery and vein, Life
Sciences, Volume 326, 2023, Oliveira et al.

1. If any part of the material to be used (for example, figures) has appeared in
our publication with credit or acknowledgment to another source, permission
must also be sought from that source. If such permission is not obtained then
that material may not be included in your publication/copies.

2. Suitable acknowledgment to the source must be made, either as a footnote or
in a reference list at the end of your publication, as follows:

“This article was published in Publication title, Vol number, Author(s), Title of
article, Page Nos, Copyright Elsevier (or appropriate Society name) (Year).”

3. Your thesis may be submitted to your institution in either print or electronic
form.

4. Reproduction of this material is confined to the purpose and/or media for
which permission is hereby given. The material may not be reproduced or used
in any other way, including use in combination with an artificial intelligence tool
(including to train an algorithm, test, process, analyse, generate output and/or
develop any form of artificial intelligence tool), or to create any derivative work
and/or service (including resulting from the use of artificial intelligence tools).

5. This permission is granted for non-exclusive world English rights only. For

other languages please reapply separately for each one required. Permission
excludes use in an electronic form other than submission. Should you have a
specific electronic project in mind please reapply for permission.

6. As long as the article is embedded in your thesis, you can post/share your
thesis in the University repository.

7. Should your thesis be published commercially, please reapply for permission.
8. Posting of the full article/ chapter online is not permitted. You may post an

abstract with a link to the Elsevier website www.elsevier.com, or to the article on
ScienceDirect if it is available on that platform.
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Kind regards,

Roopa Lingayath
Senior Copyrights Specialist
| HCM - Health Content Management

Visit Elsevier Permissions

From: Administrator
Date: Monday, July 22, 2024 10:54 PM GMT

Dear Customer

Thank you for contacting Elsevier's Permissions Helpdesk.

This is an automated acknowledgement to confirm we have received your query.
Ticket number 240723-001991 has been opened on your behalf and we aim to
respond within two business days.

Regards,

Permissions Helpdesk

From: luis frederico gerbase de oliveira
Date: Monday, July 22, 2024 10:54 PM GMT

permission for use an article of mine in my Ms.C. dissertation)

This email is for use by the intended recipient and contains information that may
be confidential. If you are not the intended recipient, please notify the sender by
return email and delete this email from your inbox. Any unauthorized use or
distribution of this email, in whole or in part, is strictly prohibited and may be
unlawful. Any price quotes contained in this email are merely indicative and will
not result in any legally binding or enforceable obligation. Unless explicitly
designated as an intended e-contract, this email does not constitute a contract
offer, a contract amendment, or an acceptance of a contract offer.

Elsevier Limited. Registered Office: 125 London Wall, London, EC2Y 5AS,
Registration No. 1982084, Registered in England and Wales. Privacy Palicy
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