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ABSTRACT

Soluble form of fibrinogen (Fib) and the peptide 4N1K are ligands of erythrocyte membrane CD47. Fibrinogen
reinforces the ability of erythrocyte to scavenger nitric oxide (NO). Hiperfibrinogenemia increased NO efflux
from erythrocyte in dependence of band 3 phosphorylation which is abolished by the presence of 4N1K. Herein
we study in vitro the effect of high fibrinogen levels, on the NO efflux from erythrocytes and on its mobilization
under influence of phosphoinositide-3 kinase (P13-K) and adenylyl cyclase (AC) inhibitors in presence of 4N1K.
Erythrocyte NO efflux, peroxynitrite, nitrite, nitrate and S-nitrosoglutathione (GSNO) were determined in blood
samples in presence of 4N1K, wortmannin (WORT, PI3-K inhibitor) and MDL (AC inhibitor) under high
fibrinogen concentrations. 4N1K with WORT and high fibrinogen levels induce, in relation to Fib plus WORT
samples no variations on the erythrocyte NO efflux, decreased peroxynitrite, increased of nitrite, nitrate and
GSNO concentrations. When 4N1K is present with MDL and high fibrinogen levels show, in relation to
fibrinogen plus MDL samples increased erythrocyte NO efflux and nitrite, nitrate and GSNO concentrations. In
conclusion, under high Fib levels and 4N1K the erythrocytes show: preservation of NO and impaired peroxynitrite
in presence of PI3K inhibition; increased efflux of NO at lower levels of cAMP resulting from adenylyl cyclase
inhibition.

KEYWORDS: Nitric oxide; S-nitrosoglutathione; human erythrocyte; phosphoinositide -3 kinase; adenylyl
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1. INTRODUCTION

The endothelial nitric oxide (NO) liberated to the lumen
of the vessel passes through the erythrocyte membrane
band 3 protein and is fixed by hemoglobin molecules
with generation of S-nitrosohemoglobin (SNO-Hb)
(Stamler et al.1997; Huang et al. 2001). Inside
erythrocytes the glutathione reacts with NO originating
S-nitrosoglutathione (GSNO) (Gali et al. 2002). Also NO
can react with superoxide anion forming peroxynitrite
that decomposes in nitrites and nitrates (Murphy and Sies
1991; Huie and Padmaja 1993; May et al. 2000). The
efflux of NO from erythrocytes occurs through a trans-
nitrosylation process involving the thiol group of the
band 3 protein that receives NO from SNO-Hb (Gross,
2001; Pawloski et al. 2005). We have documented that
band 3 is directly involved in NO efflux and
mobilization, by modulation of its phosphorylation
degree (Carvalho et al 2008). Band 3 phosphorylation is
promoted by tyrosine-kinases (PTK) and
dephosphorylation by tyrosine-phosphatases (PTP)
(Bordin et al. 2005; Brunati et al. 2005; Brunati et al.
1996). The enzymes PTP and PTK when are
phosphorylated in serine/threonine residues by protein
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kinase C (PKC) become, respectively, into inactive and
active forms (Zipser et al. 2012). The PKC enzyme
activity increases in presence of adenylyl cyclase
inhibitor (MDL) (Almeida et al. 2008). The cell amount
of cyclic adenosine monophosphate (CAMP) decreases
by the action of phospodiesterase-3 (PDE3) (Hanson et
al. 2008). PDE3 enzyme activity is activated by
phosphoinositide-3  kinase (PI13-K) in a directly
dependent way or indirectly via protein kinase B (PKB)
(Shakur et al. 2001). There is a need to clarify the
participation of AC and PI3-K in the erythrocyte NO
signaling pathway.

Tissues present lower partial oxygen pressure (PaO2) are
prone to receive NO from erythrocytes while the
opposite is observed it tissues with higher PaO2 where
NO is scavenged by erythrocytes (Sonveaux et al.2007).
The erythrocyte bioavailability in NO is perturbed by
endogenous and exogenous stimuli (Gross 2001; Lopes
de Almeida et al 2009a , b; Saldanha et al. 2013). Present
in plasma there is acetylcholine that signaling the NO
pathway in erythrocytes through the formation of an
enzyme complex with the membrane
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acetylcholinesterase, associated to Gi protein and band 3
protein (Gross 2001) Fibrinogen (Fib) is known as an
acute phase protein due to its high plasma levels in
inflammatory  response and mediate erythrocyte
aggregation (Rampling 1998; Saldanha 2013). At
physiological concentrations fibrinogen modulates
erythrocyte NO mobilization by decreasing NO efflux
and enhancing the formation of GSNO, nitrites and
nitrates (Lopes de Almeida et al 2009a). When
hyperfibrinogenemia was simulated in vitro erythrocyte
NO efflux was reinforced when band 3 was
phosphorylated (Lopes de Almeida et al 2011). However
both high Fib levels and acetylcholine rescue NO inside
erythrocyte (Saldanha et al. 2012). Soluble Fib binds
erythrocyte membrane CD47 (de Oliveira et al. 2012).
Erythrocyte membrane CD47 in the complex Rh
establishes contact with protein 4.2 which in turn
interacts with band 3 (Dahl et al. 2004). The agonist
peptide 4N1K binds to CD47 and induced mobilization
of NO in the erythrocyte in dependence of the status of
phosphorylation of band 3 protein in an in vitro model of
hiperfibrinogenemia (Saldanha et al. 2014). The
manipulation of human blood samples by adding
fibrinogen has done before and mimics the pathological
condition of hyperfibrinogenemia (Lopes de Almeida eta
al. 2011; Saldanha et al. 2012). Using this same model
herein, we reported the study of its effect on the
erythrocyte NO efflux and mobilization under influence
of PI3-K and adenylyl cyclase inhibitors in absence and
presence of CD47 agonist peptide, 4N1K

2. Experimental Section

2.1 Materials and Reagents

General reagents were purchased by Sigma- Aldrich Co.,
Wortmannin  (WORT), a PI3-K inhibitor and MDL
hydrochloride (MDL) an adenylyl cyclase inhibitor were
purchased from Sigma-Aldrich Co. Inhibitors were
prepared as recommended in the information sheet of the
products: WORT is prepared in a DMSO solution at
10—3 M concentration; MDL was prepared in distilled
water at the same concentration; nitrate reductase from
Aspergillus Niger, NADPH (tetra sodium salt), sodium
nitrate, sodium nitrite and atropine were all from Sigma
Chemical Co., St Louis, MO, USA. The Griess Reagent
kit was purchased from Molecular Probes, Eugene, USA.
Sodium chloride was purchased from AnalaR (UK) and
chloroform and ethanol 95% from MERCK, Darmstadt,
Germany.Blood samples were collected into tubes BD
VacuntainerTM with Lithium heparin (17Ul/mL) as an
anticoagulant. This “in vitro” study was performed under
the protocol established with the Portuguese Institute of
Blood in Lisbon. All males donors (N=10; aged between
30 and 40 years old) were duly informed and signed their
agreement. The chosen concentrations for fibrinogen
were based on its physiological levels and previous
studies (Sargento et al. 2005).The human fibrinogen was
purchased from Sigma (Poole, UK).
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2.2 Experimental model

The experimental model that we here describe was done
for each blood sample taken from ten donors. So, each
blood sample was divided into six aliquots of 1 mL
centrifuged at 11,000rpm (Biofuge 15 Centrifuge,
Heraus) during 1 min at room temperature. In 3 aliquots
60uL of plasma was replaced with the 50 pL of
fibrinogen NaCL isotonic solutions pH 7.4 (30 mg/dL)
plus 10 puL of MDL or 10 pyL of WORT or 10 pL of
4N1K to achieve the 10uM final concentration. The
same procedure for the control sample has been
performed with the difference that, 50 pL of plasma was
replaced with the same volume of isotonic NaCl. From
the others 2 samples, 70 pL of plasma was taken and
replaced by 50 pL of Fib solution plus 10 pL of MDL
plus 10 pL of 4N1K or 50 pL of Fib solution plus 10 puL
of WORT plus 10 pL of 4N1K to achieve the 10uM final
concentration. Blood samples were then incubated during
15 min with slight agitation. To avoid changes on blood
samples due to possible temperature fluctuations during
incubation all measurements of the NO and its
derivatives molecules were performed at room
temperature. At the end of incubation samples were
centrifuged and plasma removed for fibrinogen
concentration assessment. Plasma fibrinogen
concentrations were evaluated using the Fibritimer BFT*
Analyser (Dade Behring, Marburg GmbH, Germany)
based on the Clot technology.

2.3 Measurement of erythrocyte NO efflux, nitrite,
nitrate, GSNO and peroxynitrite

Following incubation, blood samples were centrifuged
and sodium chloride 0.9 % at pH 7.0 was added on to
compose a hematocrit of 0.05%. The suspension was
mixed by gently inversion of tubes. For amperometric
NO quantification we used the amino-IV sensor
(Innovative Instruments Inc. FL, USA), according to the
method described previously ( Carvalho et al. 2004). NO
diffuses through the gas-permeable  membrane
tripleCOAT of the sensor probe and it is then oxidized at
the working platinum electrode, resulting on an electric
current. The redox current is proportional to the NO
concentration outside the membrane and it was
continuously monitored with a computerized inNOTM
system (with a software wversion 1.9, Innovative
Instruments Inc., Tampa, FL, USA) and connected to a
computer. Calibration of the NO sensor was performed
daily. For each experiment, the NO sensor was immersed
vertically in the erythrocyte suspension vials and allowed
to stabilize for 30 min to achieve NO basal levels. 30 pl
of acetylcholine (ACh) was added to erythrocyte
suspension samples in order to achieve the final
concentrations of 10uM of ACh and NO. Data were
recorded from constantly stirred suspensions at room
temperature. The measurement of nitrite/nitrate
concentration was done using the spectrophotometric
Griess method as described previously (Guevara et al.
1998), after submitting the pellet of each centrifuged
blood sample to haemolysis and haemoglobin
precipitation. Haemolysis was induced with distilled
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water and hemoglobin precipitation with a mixture of
ethanol ~ and  chloroform  (5v/3v).The nitrite
concentrations were measured with the
spectrophotometric Griess reaction, at 548 nm. For
nitrate measurement, this compound was first reduced to
nitrites in presence of nitrate reductase (Cook et al.
1996). For measurement of S-nitrosoglutathione (GSNO)
colorimetric solutions containing a mixture of sulfanilic
acid (B component of Griess reagent) and NEDD (A
component of Griess reagent), consisting of 57.7 mM of
sulfanilic acid and 1 mg/mL of NEDD, were dissolved in
phosphate-buffered solution (PBS; pH 7.4). To constitute
the 10 mM HgCI2 (Aldrich) mercury ion stock solutions
were prepared in 0.136g/50mL of dimethyl sulfoxide
(DMSO) (Aldrich). GSNO was diluted to the following
desired concentrations :7,5 puM; 15 uM; 30 pM; 45 pM;
60 uM; 120 uM; 240 pM; 300 UM in the colorimetric
analysis solutions. Various concentrations of mercury
were then added to a final concentration of 100 uM.
Following gentile shaking the solution was let to stand
for twenty minutes. A control spectrum was measured by
spectrophotometry at 496 nm against a solution without
mercury ion. 300 ul of erythrocyte suspensions were
added to the reaction mixture and GSNO concentrations
were obtained as described [39]. For determinations of
peroxinitrite levels the erythrocyte suspensions (1mL)
were incubated with 2,7-dichlorofluorescein diacetate
(DCFC-DA) 15uM, in 3mL buffer (Pi 155mM, pH 7.4)
during 30 min, at room temperature. Suspensions were
rinsed several times and diluted in the working solution
with 1.8mL of the same buffer. The pellets were rinsed
and used for fluorescence measurement with a Hitachi F-
300 fluorospectrophotometer (Hitachi, Japan) with
excitation and emission wavelengths at 503 and 523nm,
respectively. The concentration of peroxynitrite was
finally calculated through a calibration graph (Possel et
al. 1997).
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2.4 Statistical analysis

Data are expressed as mean values + SD. Student’s
paired t-tests were used to compare values between
different samples of erythrocyte suspensions. Statistical
analysis was conducted using the Statistical Package
from the Social Sciences (SPSS; version 16.0). One-way
analysis of variance and paired t-tests were applied to
assess  statistical ~ significance between samples.
Bonferroni post-hoc tests were conducted when
appropriate. Statistical significance was set at a p<0.05
level.

3. RESULTS

3.1. In vitro hyperfibrinogenemia effects on erythrocyte
nitric oxide efflux, S-nitrosoglutathione, peroxynitrite,
nitrite and nitrate levels in presence of 4N1K and PI3-K
inhibitor (WORT), Table 1.

Our results showed that in high fibrinogen concentration
(510 mg/dL), the efflux of NO from erythrocyte is not
changed significantly by the presence of wortmannin
(WORT, PI3-K inhibitor), neither by 4N1K nor by the
presence of both effectors, Table 1. Significant increased
levels of GSNO were obtained in samples with Fib plus
WORT plus 4N1K in relation to Fib plus WORT (p<
0.0001) and the control (p< 0.001). Regarding the sample
Fib plus WORT plus 4N1K and comparing them with
Fib plus WORT and with control samples significantly
decreased values of peroxinitrite were verified
respectively p<0.05 and p< 0.001, Table 1. In Fib plus
WORT plus 4N1K samples significantly augmented
values of nitrite (p<0.001; p<0.0001) and nitrate
(p<0.001; p<0.001) were obtained when compared with
Fib plus WORT samples and control samples, Table 1.

Table 1. Values (Mean+SD) of erythrocyte nitric oxide (NO) efflux, GSNO, peroxynitrite, nitrite and nitrate
Blood samples NO GSNO Peroxinitrite Nitrite Nitrate
Control 1.50+0.89 8.05+0.34 199.10+46.77 7.95+0.75 8.85+0.68
Fib+MDL 1.26+0.18 8.81+0.76 196.04+55.21 9.65+0.86 9.95+0.97 7
Fib+WORT 1.47+0.13 9.56+0.72" 184.71+60.67 9.40+0.71" 10.15+0.76 *
Fib+4N1K 1.33+0.26 10.52+0.86" 193.18+27.07 10.40+0.59" 10.70+0.74™
Fib+MDL+4NIK 1.64+0.36 ° | 12.28+0.70"% 187.71+34.45 10.90+1.06™% | 11.55+0.69 %
Fib+WORT+4N1K | 1.40+0.361 | 11.73+1.17 '* | 145.30+42.99"@ | 11.35+0.35 " | 11.75+0.47 %

In relation to the control *p<0.0001; **p<0.001; # < 0.05
In relation to Fib+MDL & p<0.0001; & p<0.05
In relation to Fib+Wort * p<0.0001; @ p<0.05; + p<0.001

3.2 Effects of in vitro hyperfibrinogenemia, on
erythrocyte nitric oxide efflux, S-nitrosoglutathione,
peroxynitrite, nitrite and nitrate levels in presence of
4N1K and adenylyl cyclase inhibithor. Table 1.

We observed that in high fibrinogen concentration (510
mg/dL) the erythrocyte efflux of NO is increased
significantly by the presence of MDL (adenylyl cyclase
inhibitor) plus 4N1K (p< 0.05) in relation to the sample
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of Fib plus MDL, Table 1. However there is no variation
in NO efflux when compared to the control or with Fib
plus 4N1K samples.

Significantly increased values of NO derivatives
molecules namely GSNO (p< 0.0001; p<0.0001), nitrite
(p< 0.0001; p<0.0001), and nitrate (p< 0.0001;
p<0.0001), were obtained in presence of MDL plus
4N1K under high Fib levels in relation to control or to
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high Fib plus MDL blood samples, Table 1. However no
variations on peroxynitrite concentrations were observed
in all manipulated blood samples, Table 1.

DISCUSSION

Previously was verified that in high Fib levels and
presence of 4N1K, the equilibrium existing between the
phosphorylated and dephosphorylated state of band 3
inside the erythrocyte of healthy humans is maintained
(Carvalho et al. 2008). Under high Fib concentrations
with and without 4N1K similar profile of the NO
derivatives molecules content inside the erythrocytes has
been obtained in dependence of band 3 protein
phosphorylation (Lopes de Almeida et al. 2011). It was
observed that WORT plus 4N1K are unable to increase
the band 3 protein phosphorylation that mediates the NO
efflux from erythrocytes under high fibrinogen levels
(Lopes de Almeida et al. 2011). In the present work we
confirm that the NO efflux from erythrocyte do not
change in samples under high Fib plus WORT plus
4N1K in relation to control or to Fib plus WORT, Table
1.

Peroxynitrite is a reactive nitrogen species (RNS) and an
index of  auto-oxidation  of  oxyhemoglobin
(Balagopalakrishna et al.1996). In the present work the
samples containing WORT plus 4N1K with high Fib
concentration are able to decrease the levels of
erythrocyte peroxynitrite in relation to control and to Fib
plus WORT samples, Table 1. The inhibition of PI3-K
by WORT prevents the activation of phosphodiesterase 3
(PDE3) and consequently there is no decrease in the
levels of cCAMP allowing the activation of the cAMP-
dependent kinase (Jindal et al. 1996). Pyruvate kinase
(PK) turns to an inactive form after phosphorylation by
CAMP- protein kinase dependent (Jindal, 1980). It is
expected inhibition of glycolysis and promotion of the
pentose phosphate pathway with decreases of oxidative
stress environment in erythrocytes. This means less
expected peroxinitrite formation which is confirmed in
those samples referred above namely Fib plus WORT
plus 4N1K, in comparison with Fib plus WORT and with
control samples (Table 1). It is known that
decomposition of peroxynitrite leads to nitrite and nitrate
molecules and contributes to decrease oxidation in
glutathione leaving it prone to become a reservoir of NO
inside erythrocytes in the form of GSNO (May 2000;
Pfeiffer and Mayer 1998; Soszynski and Bartosz 1996).
So, we have observed increase of nitrite and nitrate
concentrations inside the erythrocyte under high Fib plus
WORT plus 4N1K Table 1. We cannot exclude the
possible reaction of peroxynitrite with haemoglobin
generating SNOHb, which could in a reductive
erythrocyte environment liberate NO to thiol group of
glutathione generating GSNO and nitrate (Gladwin et al.
2002). These could explain the increased levels of
GSNO and nitrate found in those samples, Table 1.
Another possible explanation for GSNO levels could
come from the remaining NO inside erythrocyte
resulting from the slight not significantly decrease of NO
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efflux observed in the blood samples with high Fib,
WORT and 4N1K. The NO may reduce oxyhaemoglobin
to methaemoglobin (MetHb) along with the formation of
nitrate instead to combine with superoxide anion
(Mesquita et al 2001). This will be another explanation
for the lower peroxynitrite level inside erythrocyte of
samples under high Fib plus WORT plus 4N1K.

Beyond the contribution of PI3-K inhibition by WORT
when associated to 4N1K and high Fib levels in
erythrocytes protection from RNS effects, it was
published that when WORT is present in blood samples
induce decreased erythrocyte aggregation without
modification on erythrocyte deformability (Saldanha et
al 2007). The inhibitor of adenylyl cyclase MDL do not
induces variations in the erythrocyte deformability
(Saldanha et al 2007) and promotes decrease in CAMP
levels which impair the enzyme activity of the cAMP
kinase dependent (Almeida et al. 2008). Consequently
pyruvate kinase it will be in the dephosphorylated active
state allowing glycolysis to function. For that the
glycolytic enzymes are release from band 3 protein
which becomes able to be phosphorylated. MDL
activates PKC which will inhibit PTK and activate PTP
by phosphorylation (Carvalho et al. 2008; Almeida et al.
2008). Probably the band 3 phosphorylation do not result
only from the enzymatic action of PTK (p72 ¥¥) but
either by p59/61 "* or by casein kinase I (Carvalho et
al. 2008; Wang et al. 1997). Another possibility is
through PKC itself that when activated moves from
cytoplasm to membrane coupled receptor protein G
promoting phosphorylation of band 3 (Escriba et
al.2003). So, the presence of 4N1K and Fib (both ligands
of CD47 in erythrocyte of membrane) stimulate NO
efflux from erythrocytes under MDL (or lower levels of
cAMP) may be through the band 3 phosphorylation. All
together, these stimuli contribute to the active
conformation state of AChE necessary to the signaling
pathway coupled with band 3 protein phosphorylation
(Carvalho et al. 2009; Teixeira et al. 2015). SNOHb is a
reservoir of NO inside erythrocyte and responsible for
the NO mobilization inside the erythrocyte, as well as,
for its efflux (Carvalho et al 2008; Carvalho et al 2004).
The NO could be transferred from SNOHDb to glutathione
originate GSNO and nitrate or react with anion
superoxide forming peroxynitrite (Carvalho et al 2004).
In the present study the first reaction seems to occur and
originate higher GSNO concentrations as obtained in
samples with high Fib plus MDL plus 4 N1K in relation
to control and also to Fib plus MDL. Any significant
changes of peroxynitrite levels were observed in all
samples in relation to the control or between each other,
beside their lower levels. Otherwise, NO could also
reduce oxyhaemoglobin to methaemoglobin along with
the formation of nitrate (Mesquita et al. 2001). Increased
nitrate concentrations were obtained. Besides the
absence of measurement of MetHb in this work, it was
expect no variation in MetHb concentration due the
presence of haemoglobin reductase coupled with the
NADH produced in the glycolytic pathway (Inal and
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Egiiz 2004). In the previous work no changes in MetHb
concentrations were obtained in presence of each
enzyme inhibitors WORT and MDL respectively of
PI3K and AC (Saldanha et al 2007).

4. CONCLUSIONS

In conclusion the inhibition of P13-K enzyme activity (by
WORT) when associated to 4N1K and high Fib levels, in
erythrocytes, unchanged the NO efflux and contribute to
lower the peroxynitrite concentration which protect the
erythrocytes from the RNS effects avoiding oxidation of
glutathione and promoting inactivation of AChE
(Soszynski and Bartosz 1996). The inactive state of the
enzyme contributes to the unchanged normal values of
NO efflux from erythrocytes (Carvalho et al 2008;
Teixeira et al 2015). Also the inhibition of PI13-K became
unable to activate PDE3 leaving the cAMP levels
dependent of PKB. However the lower levels of cAMP
provoked by AC inhibition in presence of the 4N1K and
Fib (in high concentration) generates proper band 3
protein conditions to transfer to outside increased levels
of NO. Three major messages were taken from the
present work under high Fib concentration and 4N1K
associated with the erythrocyte NO availability based on
signaling pathway: dependence on PI3-K and adenylyl
cyclase enzymes activity; lower values of cAMP
promote increased efflux of NO from erythrocytes and
left unchanged peroxynitrite levels; direct inhibition of
PD3 by PI3K induce unchanged efflux of NO from
erythrocytes and decreased peroxynitrite concentration
lowering RNS.
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