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ARTICLE INFO ABSTRACT

Keywords: Arterial hypertension (HTN) is a world health concern presenting difficulties for its early detection. It leads to
BiUSEHSOF_ cardiovascular and kidney complications that increase morbidity in adults. Overexpression in the epithelial
Hypertension sodium channel (ENaC) in membrane platelets can be related with the presence of HTN and thus can be used as a
Functionalization

biomarker to detect this medical condition. Here, we propose a method for HTN diagnosis based on gold
nanoparticles (GNPs) conjugated to an antibody against the ENaC present on platelets. These functionalized
GNPs were analyzed by Zeta potential, dynamic light scattering, electron microscopy, and other spectroscopic
techniques. To verify that the GNPs and a-ENaC antibodies formed conjugates (GNPs-antiENaC) that maintained
their specificity to the target, we carried out an indirect immunofluorescence detection assay of GNPs-antiENaC
bound to a secondary antibody labeled with a fluorophore. Our results show that the presence of GNPs increase
the fluorescence intensity in platelets treated with GNPs-antiENaC conjugates. It is also observed a clear tendency
of the fluorescence signal in platelets treated with the conjugates that could be used for discrimination between
normotensive and hypertensive samples. The proposed assay can be implemented as a very sensitive routine test

Gold nanoparticles
Epithelial sodium channel

to diagnose HTN.

1. Introduction

Arterial hypertension (HTN) is a clinical condition defined as a
persistent high blood pressure. Values of systolic and diastolic pressure
equal to or greater than 140 and 90 mmHg, respectively, are considered
as indicators that a person experiences hypertension. According to the
World Health Organization, 1.13 billion people worldwide have hy-
pertension (Organization, 2019). However, approximately 40% of
adults suffer from hypertension and are not appropriately diagnosed in a
timely manner. This fact strongly suggests that the established protocols
to diagnose HTN are not effective. While HTN lacks symptoms and the
standard blood pressure measurement is very susceptible to variations
due to situations not related to the disease, its detection and timely
diagnosis is even more difficult. Blood pressure is controlled by the
kidney trough modulating the total body sodium content through the
epithelial sodium channel (ENaC), and its deregulation is directly
associated with HTN. 50% of hypertensive individuals are sensitive to
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sodium, which is regulated in the distal nephron through the ENaC
(Hanukoglu and Hanukoglu, 2016). Deregulation of this ion channel is
directly associated with HTN (Bhalla and Hallows, 2008), since it also
participates in the retention of sodium in the epithelial cells of the distal
colon, the duct of several endocrine glands and the lung (Enuka et al.,
2012).

The presence of a constant high blood pressure exhibits a strong
correlation with risk of stroke and heart failure and/or kidney disease.
Moreover, several studies have shown that a constant high-pressure lead
to a pre-activation state that affects the biochemical composition and by
consequence the performance of blood cells. For example, changes in the
lipidic compositions of erythrocytes made them prone to lysis (Marti-
nez-Vieyra et al., 2019), neutrophils circulate while activated, gener-
ating high quantities of reactive oxygen species (Reus-Chavarria et al.,
2019), while modification in the protein and lipid contents in platelets
trigger their activation (Cerecedo et al., 2016). Among the modifications
found in platelets, it was the overexpression of the epithelial sodium
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channel (ENaC) that we have proposed and validated by biochemical
techniques (Western-blot) and molecular biology as quantitative reverse
transcription polymerase chain reaction (QRT-PCR) techniques for use as
a biomarker to diagnose HTN.

The quantification of biomarkers can be made by different ap-
proaches such as electrochemical or chemical response, immunochem-
istry and optical methods, along with others (Mascini and Tombelli,
2008). In particular, optical techniques are based on the association of a
molecule of interest with a material or molecule that exhibit a typical
optical response such as transmittance, reflectance, fluorescence, Raman
response, among others (Borisov and Wolfbeis, 2008). Once the mole-
cule of interest is attached to the material, the typical optical response
presents a shift proportional to the amount of the analyte. Recently,
metal nanoparticles have been successfully used as optical biosensors
due to their exceptional optical properties as the presence of surface
plasmon resonance (SPR) (Doria et al., 2012; Lazarides et al., 2000). As a
consequence of the SPR, metal nanoparticles present a strong absorption
band that is very sensitive to changes in the surroundings of the surface
of the nanoparticles. Also, the SPR can interact with the near electric
field of molecules and materials, generating an intensification of optical
signals such as fluorescence (Kang et al., 2011) or Raman responses
(Qian and Nie, 2008). Due to their chemical, surface, and plasmonic
(SPR) response, gold nanoparticles (GNPs) are one of the most exten-
sively used metal nanoparticles for biosensing (Devi et al., 2015; Lar-
guinho and Baptista, 2012).

The use of gold nanoparticles to increase the sensitivity of a fluo-
rophore has been explored by several research groups (Acuna et al.,
2012; Kang et al., 2011; Nakamura and Hayashi, 2005). While there are
successful implementations, there are also examples where the fluores-
cent signal is quenched (Schneider et al., 2006). The dynamic of the
interaction is complex and depends on several factors—for example, the
absorption and emission wavelengths of the fluorophore, the plasmonic
response of the gold nanoparticle and the distance from the nanoparticle
to the fluorophore. When the distance is optimal, the optical signal of a
fluorophore that is close to the nanoparticles is enhanced, facilitating its
measurement (losin et al., 2009).

Since the techniques employed to quantify the ENaC involve
expensive inputs and qualified personnel for their realization, in this
work we propose the coupling of ENaC antibody to GNPs followed by
fluorescent labeling of these conjugates and their interaction with
platelets as a strategy to quantitatively detect and characterize the dif-
ferential presence of ENaC in platelets of both normotensive and hy-
pertensive individuals.

A common method utilized for the preparation of biocompatible gold
nanoparticles is based on bi-functional molecules containing both a thiol
and a carboxylic group. While the thiol group binds to the gold surface,
the carboxylic group is the binding site to conjugate protein molecules
such as antibodies and peptides through amide bonds (Bartczak and
Kanaras, 2011). A popular strategy to achieve this chemical conjugation
is the use of N-(3-dimethylaminopropyl)-N’-ethylcarbodiimide hydro-
chloride (EDC) and hydroxy-2,5-dioxopyrrolidine-3-sulfonicacid (Sulfo
NHS), together known as NHS-EDC chemistry (Quarta et al., 2012).
Here, we propose to use this methodology to bind colloidal gold nano-
particles to the ENaC present in platelets. Then, we perform a careful
characterization of the functionalized colloidal nanoparticles as well as
the interaction among the colloidal system with platelets of normoten-
sive (NT) and hypertensive individuals. Finally, the ability of these gold
nanoparticles to detect HTN was tested using an immunofluorescence
assay.

2. Materials and methods
2.1. Materials

Gold nanoparticles of about 30 nm in diameter, stabilized in a sus-
pension of 0.1 mM Phosphate-buffered saline (PBS), 3-
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mercaptopropionic acid (MPA), Buffer 2-(N-morpholino) ethane-
sulfonic acid (MES), were all purchased from Sigma Aldrich. Sodium-
channel alpha-rabbit polyclonal antibody (cat. no. PA5-35364) was
obtained from Invitrogen, Carlsbad, CA, USA, and bovine serum albu-
min (BSA) and fluorescent dye Alexa fluor 488 were purchased from
Molecular Probes (Eugene, OR, USA). Bi-distilled water and phosphate
buffered saline (PBS) were used for washing and rinsing of samples
before and after conjugation procedures, respectively.

2.2. Obtention of human platelets

Blood samples were obtained from normotensive (NH) and hyper-
tensive (HTN) individuals and mixed with a citrate anticoagulant at pH
6.5 (19:16 NT: HTN; see details of the study population in Appendix A;
Table A.1). Platelet-rich plasma was obtained from the total blood by
centrifugation at 100xg for 20 min at room temperature. Plasma was
subsequently mixed with an equal volume of citrate anticoagulant and
centrifuged at 400xg for 10 min. The platelet pack was suspended and
washed twice with Hank’s Balanced Saline Solution without calcium
and finally suspended in PBS.

2.3. Obtention and characterization GNPs-anti-ENaC conjugates

2.3.1. Functionalization of GNPs with MPA

Gold nanoparticles (Sigma-Aldrich Cat. Num. 753629) were used at
an approximate concentration of 4.5 x 1010 particles/mL, 80 pM of 3-
mercaptopropionic acid (MPA) in a water solution was added in
approximately a 1:1 vol ratio. The mixture was then sonicated for about
1 h to ensure complete functionalization of the nanoparticles.

2.3.2. Carboxylic group activation and GNPs-anti-ENaC conjugation

An equal volume of a solution containing 24 mM of NHS and 12 mM
of EDC was added to a suspension of GNPs at a concentration of 0.25 mM
Au in 24 mM buffer MES at a pH of 6.0. The mixture was stirred at room
temperature for 10 min, and the particles were centrifuged to remove
remnants and resuspended in PBS.

The functionalized GNPs were incubated with a primary antibody
against ENaC as previously described (Cerecedo et al., 2016). Briefly,
approximately 3.5 x 10" pg/mL in a total volume of 100 pL of PBS were
stirred together for 15 min at room temperature, 500 pL of BSA (0.3
mg/mL) was added to completely block any potential possible nonspe-
cific binding sites on the surface of the GNPs-antiENaC conjugates. The
complete volume was then maintained by stirring for 2.5 h at room
temperature, then the conjugates were washed and separated by
centrifugation and finally resuspended in PBS.

2.3.3. Characterization of functionalized GNPs and GNPs-antiENaC
conjugates

The carboxy-terminated nanoparticles (GNPs-MPA) and the GNPs-
antiENaC conjugates were characterized by FT-IR spectroscopy, the
spectra were recorded using an ATR (Smart-iTX) accessory coupled with
an FTIR spectrometer (Nicolet 912A0712 iS5). For UV-Vis measure-
ments, each sample was analyzed in liquid form using a quartz cuvette in
a Cary 5000 UV-Vis NIR spectrometer. Particle size determination and
measurement of Zeta potential were carried out by dynamic light scat-
tering (DLS, Zetasizer Nano-ZS90, Malvern Instruments). Electron mi-
crographs were performed by transmission electron microscopy (JEOL,
2010 FE-TEM), and TEM grids were prepared by placing 7 pL of the
diluted sample solution on carbon-coated films. Images were acquired at
120 kV.

2.4. Biosensing of ENaC in platelets by fluorescent assay
GNPs-antiENaC conjugates (absorbance ~ 0.8 a.u. @ 540 nm) in a

volume of 100 pL PBS were incubated for 1 h at room temperature with
platelets samples of normotensive and hypertensive individuals (2.2 x
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10° platelets). After 1 h of incubation, a volume of secondary antibody
labeled with Alexa Fluor 488 fluorophore (Aexcitation: 488 nm,
Amaxemission: 220 nm) was added and incubated for one additional hour at
room temperature. After this time, the platelets were washed twice with
PBS and separated by centrifugation at 500xg for 3 min. The fluores-
cence emission of the samples in PBS was measured in quartz cells with a
Fluorolog model Jobin Yvon Horiba at an excitation wavelength of 490
nm.

3. Results
3.1. Functionalized gold nanoparticles features

The amount of MPA required to functionalize the GNPs was deter-
mined by keeping the GNPs concentration constant (~4.5 x 10'° par-
ticles/mL) while modulating the MPA concentration. To determine the
concentration of MPA still suitable for the particle coating, we measured
the size and Zeta potential of the GNPs after the addition of MPA. The
Zeta potential values and the hydrodynamic diameters of unmodified
and modified GNPs are shown in detail in Appendix A (Table A.2).
Commercial GNPs (referred to as ‘unmodified’ in Table A.1) were
originally stabilized by citrate ligands according to the manufacturer’s
instructions. Unmodified GNPs exhibited an average hydrodynamic
diameter below 50 nm and a negative Zeta potential value of -36.7 + 1.6
mV.

Results show that above 0.3 mM (MPA) correspond with larger
changes in Zeta potential as well as a notable increase in hydrodynamic
diameter, which can mainly be attributed to the fact that higher con-
centrations of AMP in dissolution implies decreases in pH values. Note
that the most important factor that affects Zeta potential is the pH of the
medium (Kulkarni and Sa, 2009).

GNPs were also characterized by UV—Vis absorption spectrometry.
Unmodified particles possess a plasmonic band around 524 nm, and it is
known that the shift and widening of the plasmonic band, in addition to
the appearance of other bands at higher wavelengths, are indicative of
an increase in particle size that is mainly attributed to agglomeration
(Zuber et al., 2016) (Nietzold and Lisdat, 2012). In the UV-Vis spectra
shown in Fig. 1, the colloidal stability of the GNPs with MPA concen-
trations equal to or higher than 1 mM was strongly affected by decreases
in pH (Table A.3).

Conjugation was achieved by forming a peptide bond between the N-
terminal amino group of antibodies and carboxylic groups exposed to
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Fig. 1. UV-Vis absorption spectra of unmodified and different concentrations of
AMP-modified GNPs. The particle concentration remained constant (around
4.5 x 10'° particles/mL).
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the surface of GNPs after functionalization with MPA. Before addition of
a-ENaC antibody, it was necessary to activate the carboxylic groups
using EDC/NHS solution. Despite maintaining pH conditions using MES
buffer at a pH of 6, the colloidal stability of GNPs was slightly lost after
the addition of activation buffer, as evidenced by the spontaneous
decrease of Zeta potential value (absolute value) from -37 mV to around
-5 mV (Table 1) and the immediate color change from brilliant red to
blue.

To prevent nonspecific binding of GNPs to a variety of proteins
present in the study system (human platelets), we used bovine serum
albumin (BSA) to recover the non-blocked GNPs surface by the antibody
through the formation of conjugates. The amount of BSA was varied
from 0.0025 to 1 mg/mL while keeping the same particle concentration
mentioned above and functionalized with MPA 0.04 mM. We observed
that the progressive increase in the amount of albumin added contrib-
uted to restoring the surface charge of the NPs to Zeta potential values
close to those measured before the activation buffer was added
(Table 1). We selected a concentration of BSA of 0.3 mg/mL to accom-
pany the GNPs-anti-ENaC conjugation procedure.

Using electron microscopy, we corroborated that the original size of
the nanoparticles was approximately 30 nm, and we could also observe
that after obtaining a total coating of the GNPs surface, the total diam-
eter increased as much as we increased the concentration of albumin.
Fig. 2a and b shows SEM and TEM images of BSA-coated GNPs using 1
and 0.3 mg/mL of albumin, respectively. We noted that 1 mg/mL of
protein contributed to duplicate the diameter of the particles, while
when we used only 0.3 mg/mL, the thickness of the protein layer was
around 10 nm. Fig. 2c shows the spectra of albumin and GNPs-anti-ENaC
conjugates using a concentration of 0.3 mg/mL of BSA for blocking the
total nanoparticle surface. Both the a-ENaC antibody and BSA bound to
the GNPs surface by EDC/NHS chemistry. We note that the band located
at approximately 1650 cm™ and corresponding to the amide bond
(amide I, predominantly C = O str) (Myshakina et al., 2008) presented
higher absorbance intensity in the conjugate spectrum as well as a slight
frequency shift.

A schematic illustration of the MPA functionalization, the GNPs-BSA
conjugation and the GNPs-GNP-antibody conjugates obtention in the
presence of albumin are shown in Fig. 3 accompanied by their corre-
sponding UV-Vis spectra. A progressive redshift in the plasmonic band
was observed from the start to the end of the conjugation steps.

We next sought to determine the specificity of the antiENaC and
GNPs conjugate to the ENaC present in platelets. We processed platelets
as previously described and analyzed them using indirect immunofluo-
rescence. Platelets were incubated with the GNPs-antiENaC conjugates
followed by a secondary antibody labeled with the Alexa Fluor 488
fluorophore. We analyzed four different samples of 2 x 10° platelets
each in presence of GNPs-GNP-antiENaC followed by the secondary
antibody; as controls we included samples with 2 x 10° and 6 x 10°
platelets incubated only with antiENaC without GNPs and GNPs-
albumin and secondary antibody. As shown in Fig. 4, the fluorescence

Table 1
Measurements carried out in water in a Zetasizer Nano-ZS90 equipment, the
measurement of each sample was repeated three times.

GNPs-AMP + BSA [mg/mL] Size (nm) £ SD PdI Zeta pot (mV) &+ SD

0.0025 213£5 >0.6 -5.7 £1.03
0.003 238 £12 >0.6 -13.7 £ 1.8
0.005 286 £ 9 >0.6 -18.8 + 5.4
0.01 261 £3 >0.6 -27.8+7.3
0.02 241 £ 2 >0.6 -23.4+ 4.2
0.03 237 £7 0.4 -24.2 4+ 6.1
0.04 235+ 4 0.6 -33.7+8

0.1 202 +7 0.4 -27.3+1.3
0.2 178 £ 8 0.6 -29.7 £ 1.8
0.3 162 + 2 0.6 -31.3+ 3.4
0.6 165+ 7 0.5 -37.2+ 6.7
1.0 169 + 17 0.5 -31.4+ 3.6
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Fig. 2. Electron micrographs a) GNPs-BSA using a concentration of 1 mg/mL of albumin (SEM) and b) GNPs-BSA using a concentration of 0.3 mg/mL of albumin

(TEM), c) FTIR-ATR absorbance spectra of albumin and GNPs-antiENaC conjugates.

intensity is higher in platelets treated with the conjugates than in control
samples. Additionally, compared with samples treated only with pri-
mary antibody the presence of GNPs increased the fluorescence intensity
of the platelet samples.

Taken together, these results strongly suggest a specific increase in
the fluorescence intensity values due to the direct interaction between
the conjugates and the ENaC expressed on the platelets’ plasma
membrane.

3.2. Potential use of GNPs-antiENaC as a diagnostic tool for hypertension

According to the results described in the previous section, the GNPs-

antiENaC conjugates generated in the present study bind specifically to
ENaC in platelets. ENaC is overexpressed in platelets from hypertensive
patients (Cerecedo et al., 2016). To evaluate if the fluorescence emission
changed based on the type of samples, we processed platelets from hy-
pertensive or normotensive individuals. First, we compared fluorescence
spectra at different platelet concentrations from these two groups who
maintained the same concentration of GNPs-anti-ENaC conjugates as
well as secondary antibodies. We expected that both kinds of samples
would increase the fluorescence values as the platelet concentration
increased. This linear behavior was observed until 2 x 10° platelets
remained and, at this point we observed a clear difference between
normotensive individuals and hypertensive patients (Fig. 5a). In
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Fig. 4. a) Fluorescence spectra of platelets in low (2 x 10°) and high (6 x 109
amounts of platelets incubated with Ab:a-ENaC antibody or GNPs-antiENaC:
conjugates, followed by Ab2:secondary antibody conjugated to Alexa Fluor.
GNPs-BSA were incubated with Ab2 and measured as a control.

contrast, the highest platelet concentrations reduced notably in fluo-
rescence emissions. The results are representative of five different
samples; we also observed high dispersion fluorescence intensity values,
mainly in platelets from hypertensive patients.

A concentration of 2 x 10° platelets allowed us to see greater dif-
ferences between the fluorescence emission values in hypertensive
versus normotensive samples (Fig. 5b); high dispersion values were
characteristic of hypertensive samples. Although mean fluorescence
intensity values were not significantly different, the data as a whole
showed a clear tendency to separate into “low” and “high” fluorescence
intensity clusters for normotensive and hypertensive samples, respec-
tively (Fig. 5¢). The fluorescence intensity values were associated with
the amount of ENaC on the platelets’ plasma membranes.
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GNPs covalently bound to BSA and GNPs-antiENaC conjugates.
4. Discussion

In the present study, we functionalized GNPs by binding with the
epithelial sodium antibody (antiENaC), our two-step procedure pre-
served colloidal stability and antibody-antigen binding capacity. First,
the particles were functionalized using MPA, which is a bifunctional
molecule that binds strongly to AuNPs through the thiol group (Pensa
et al., 2012). This ligand provides a negative charge to the surface of the
GNPs (Nilam et al., 2019) and according to the Zeta potential and DLS
measurements allowed to preserve the colloidal stability as much as in
the case of unmodified GNPs. When we used MPA concentrations be-
tween 0.07 and 0.04 mM, the hydrodynamic diameters decreased, and
the Zeta potential improved. Zeta potential is the electric potential in the
interfacial double layer of a dispersed particle versus a point in the
continuous phase away from the interface (Lu and Gao, 2010). This
value is often used as a key indicator of the stability of colloidal dis-
persions, where values that are more positive than +30 mV and more
negative than —30 mV indicate good stability against coalescence (Kadu
et al., 2011). At higher concentrations of MPA, loss of colloidal stability
was immediately visible, mainly since the excess in solution of this
compound can easily modify the pH of the nanoparticle solution.

The second step consisted of the activation of carboxylic groups
followed by antiENaC and BSA addition. We decided to use BSA because
it is considered to be a universal blocking reagent and helps to prevent
the non-specific binding of the conjugates to any platelet proteins
different to ENaC in many applications. It also contributes to restore the
negative surface charge on the surface of the nanoparticles and the
colloidal stability in their conjugated form. The conjugation process was
characterized by spectroscopic and microscopic techniques, and the
GNPs surface plasmon resonance (SPR) was monitored for UV-Vis
spectroscopy (Fig. 3). The original wavelength of maximum absor-
bance in the unmodified particles was centered at 524 nm. After func-
tionalization with MPA, the SPR suffered a slight red shift to 526 nm.
When the particles were covered with BSA, and for BSA/antiENaC, the
red shift resulted in 532 and 535 nm, respectively. This plasmonic shift
was the product of a change in the local refractive index as a result of the
protein/antibody adlayer (Tripathi and Driskell, 2018). Using FTIR-ATR
spectroscopy, we could observe that the amide I band presented higher
absorbance intensity in the conjugate spectrum as well as a slight fre-
quency shift in comparison with the BSA spectrum. This might be
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Fig. 5. a) Fluorescence intensity values versus the number of platelets used in the fluorescent assay; b) Fluorescence emission spectra of platelets samples of healthy
and hypertensive individuals Aex. of 488 nm (495-570 nm), ¢) Mean fluorescence emission intensity of platelets samples (HTN: NH, number of samples 19:16).

interpreted as evidence that GNPs-antiENaC conjugates were forming by
covalent binding. However, these methods are not sufficient to verify
that the antibody-antigen binding capacity is preserved despite antibody
immobilization onto the GNPs surface. In order to prove the permanence
of the antibody-GNPs binding after washes and centrifugation cycles
implied within the conjugation procedure, and more importantly, the
antigen-antibody binding capacity of antiENaC in its conjugated form,
we proposed a fluorescent immunoassay to be directly carried out in
platelets as a semi-quantitative strategy to describe the effect of nano-
particles on the fluorescence emission of a second antibody used. This
method also found interesting differences when we compared the fluo-
rescent emissions obtained in normotensive versus hypertensive plate-
lets. The fluorescent intensity spectra shown in Fig. 4 were an indication
of fluorescent enhancement as a consequence of the presence of GNPs.
We previously compared the fluorescent intensity depending on the
number of platelets using a fluorescent detection assay and corroborated
that fluorescence intensity increased as much as we incremented the
number of platelets used (data no showed). As shown in Fig. 4, despite
that we used the same and higher number of cells, samples treated with
GNPs-anti-ENaC conjugates showed a larger intensity regime regarding
to platelets treated only with a-ENaC antibody. It is known that the
fluorescence intensity of a given fluorophore can be altered in different
ways when it is placed near an entity possessing an electromagnetic field
(e.g., in the case of plasmons in metal nanoparticles) (Kang et al., 2011).
When the metal surface is close, the luminous efficiency of the fluores-
cent molecule can be enhanced (Chen et al., 2013) or quenched
depending on the distance between the metal surface and the fluo-
rophore (Kang et al., 2011) (Chen et al., 2013; Kandela and Albrecht,

2007). Our evidence suggests that the distance provided by indirect
conjugation (e.g., the use of MPA as a short ligand) is sufficient to avoid
the quenching effect reported by several authors in cases of direct
conjugation (very small distances) of the fluorophore onto metallic
nanoparticle surfaces and instead moderately enhances fluorescence
emission.

The amount of nanoparticles, size, shape, wavelength excitation and
types of fluorophore are other important features that can affect fluo-
rescence emission (Qin et al., 2018). We selected Alexa Fluor secondary
antibody because we have previously used for ENaC detection by
immunofluorescence assays using the same antiENaC that we conju-
gated with the GNPs (Cerecedo et al., 2016). This fluorescent dye ab-
sorbs light and emits fluorescence at wavelengths within the plasmonic
band of GNPs. We performed an analysis of the fluorescence response at
different platelets concentration (Fig. 5a) the number of cells used was
an important factor to potentiate the difference between the fluores-
cence intensity obtained with the HTN platelets assays and those with
NT, maintaining the same concentration of conjugates and secondary
antibodies, the notable higher fluorescent intensity values exhibited in
the HTN sample compared to the NT sample was mainly reinforced
when we used a concentration of 2 x 108 platelets.

Gradual decreases in fluorescence emissions after exceeding a certain
number of cells is probably attributed to the reduction of target sites of
each cell as the number of cells increases. This tendency was not as clear
in NT platelets as in HTN platelets, where probably the distribution of
binding sites and distances between flourophore GNPs arrays are
affected by irregularities of cell membrane and cytoskeleton derived
from a pre-activated state (Cerecedo et al., 2016). We observed diverse
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fluorescent responses between the platelet samples analyzed, and they
are suggestive of biological variability. Finally, in our future work we
will analyze 100 individuals and use the ROC statistical method to
identify a threshold and to better understand the sensitivity and speci-
ficity of our proposed assay.

5. Conclusions

In this work, we successfully functionalized GNPs into covalently
bonded GNPs-antiENaC conjugates. Analysis by Zeta potential, dynamic
light scattering, electron microscopy, and other spectroscopic methods
confirmed the association between the GNPs and the a-ENaC antibody.
The specificity of the conjugates was evidenced by indirect immuno-
fluorescence after incubation with human platelets. Our results indicate
that fluorescence intensity is associated with the presence of ENaC on
the platelet’s plasma membrane. This enables discriminating between
hypertensive and normotensive individuals, which represents a useful
diagnostic tool for HTN.
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