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The rennin-angiotensin II system (RAS) and the insulin-PI3kinase signalling pathways cross-interact
with important physiological and pathophysiological consequences for cells and the whole organism.
Here, the effect of 24 h pre-incubation of EA.hy926 with two different concentrations of angiotensin II,
on insulin-mediated activation of the PI3kinase-AKT-eNOS signalling was investigated. Quiescent
EA.hy926 cells were treated with insulin (100 nM, 30 min) following 24 h pre-treatment with or without
either 0.1 or 1 µM of angiotensin II. Cell lysates were immunoblotted for phospho AKT Ser-473, phospho
eNOS Ser-1177 and normalized with β-actin. Homogenates of EA.hy926 treated with insulin in the
presence or absence of 1 µM angiotensin II, were also subjected to nitric oxide synthase (NOS) activity
assay using titrated arginine as substrate. To exclude cytotoxicity of the 1 µM angiotensin II
concentration, Trypan blue cell viability assay as well as the microscopic examination of unstained and
DAPI/Phalloidin stained EA.hy926 cells were undertaken. Insulin resulted in about 2 fold increase in
phospho-eNOS Ser-1177 and 8 fold increase in phospho-AKT Ser-473 levels in treated compared to
untreated cells. A 2 fold increase was observed in the NOS activity of insulin-treated and untreated cells
preincubated with Ang II. 24 h pre-treatment with 0.1 µM Ang II did not significantly interfere with the
responses to insulin but the 1 µM Ang II pre-treated EA.hy926 showed significant attenuated insulin
induced phosphorylation of eNOS Ser-1177 and AKT Ser-473, alongside impaired NOS activity. The Ang
II-treated cells showed normal nuclei and cytoskeletal architecture. Angiotensin II concentrationdependently regulated basal and insulin-mediated PI3Kinase-AKT-eNOS signalling in cultured
endothelial cells.
Key words: 24 h pre-incubation, angiotensin II, regulates, insulin-PI3Kinase-AKT-eNOS signalling,
concentration-dependently.

INTRODUCTION
Just like skeletal muscle cells, adipocytes and hepatocytes,

endothelial cells are important targets for insulin action
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(Kubota et al., 2011). Endothelial cells increase their nitric
oxide (NO) output in response to insulin through the
calcium-independent PI3kinase mediated enhancement
of endothelial NO synthase (NOS III) activity (Muniyappa
et al., 2011). The released NO dissolves in the aqueous
phase of the circulating blood and diffuses to reach
vascular smooth muscle cells resulting in smooth muscle
relaxation and vasodilation (Zhao et al., 2015). Insulin
binds to and activate its receptor, to recruit and activate
the insulin receptor substrate (IRS)-PI3-Kinase-AKT
signalling upstream of eNOS (Lizcano et al., 2002).
Endothelial dependent vasodilation is vital to the
regulation of vascular tone and blood pressure (Coretti et
al., 2002; Yunn et al., 2016). NO also possesses antiatherosclerotic, anti-inflammatory and anti-coagulative
functions as well as being vital for vasculogenesis
(Brasier et al., 2004; Ahiuwalia et al., 2004). In chronic
disorders such as type II diabetes mellitus, obesity,
dyslipidemias, dysmetabolic syndrome, cardiac failure
and coronary heart diseases, insulin-target cells are less
responsive to insulin (Greenfield and Campbell, 2004;
Nolan et al., 2011).
The earliest manifestation of endothelial resistance to
insulin constitute endothelial dysfunction, characterised
mainly by impaired activation of the Insulin-PI3kinaseAKT-eNOS signalling in a setting of either normo or
hyperinsulinaemia (Wheatcroft et al., 2003; CallesEscandon and Cipolia, 2001; Cefalu, 2001). The
consequential impaired NO-dependent vasodilation leads
to heightened risk of cardiovascular morbidities and
mortalities
(Mombouli
and
Vanhoutte,
1999;
Tangvarasittichai, 2015; Abbasi et al., 2016; Haffner et
al., 2000). The blood concentration of Ang II is elevated
in insulin-resistant states as a result of the activation of
the rennin aniotensin aldosterone system (RAAS)
(Surapongchai et al., 2017; Mehta and Griendling, 2007).
Inhibition of Ang II action with either Ang II type-1
receptor antagonists or angiotensin converting enzyme
inhibitors (ACEI) could restore insulin-sensitivity in
hypertensives and type II diabetic patients (Pavo et al.,
2003; Shiuchi et al., 2004). Apart from Ang II, other proinflammatory cytokines including TNF-alpha and IL-6 are
elevated and implicated in the pathogenesis of insulin
resistance (Bastard et al., 2006; Shoeison et al., 2006).
These peptide hormones and cytokines provide useful
tools for the in vitro induction of insulin resistance in
cultured target cells (Bastard et al., 2006; Shoeison et al.,
2006; Andreozzi et al., 2004).
Pre-treatment of skeletal muscle cells with Ang II
induced insulin-resistance manifested as impaired
insulin-mediated glucose transporter 4 (GLUT 4)
translocation from intracellular storage sites to the
plasma membrane and intracellular glucose uptake (Wei
et al., 2008). Acute pre-treatment of cultured endothelial
cells (ECs) with Ang II impaired insulin-PI3Kinase-AKTeNOS signalling via the induction of serine
phosphorylation of IRS resulting in impeded tyrosine
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Phosphorylation needed for IRS dependent PI3K
activation (Andreozzi et al., 2004). Here, the effect of 24
h pre-incubation of confluent monolayer of EA.hy926
cells with two different concentrations of Ang II to
determine any concentration-dependent regulation of the
insulin-PI3K-eNOS signalling was investigated.
METHODOLOGY
Materials
EA.hy926 cells (ATCC, USA), monoclonal rabbit phospho AKT-Ser
473, phospho eNOS Ser-1177 antibodies, polyclonal secondary
goat anti-rabbit, and anti-mouse antibodies were from cell signalling
technology. Dubelcco’s Modified Eagles Medium (DMEM), fetal
bovine serum, penicillin, streptomycin, angiotensin II, polyclonal
mouse β-Actin primary antibody, sodium dodecyl sulfate (SDS),
polyacrylamide, Trypan blue dye, diamidino-2-phenylindole
dihydrochloride (DAPI), rhodamine-phalloidin, insulin, methanol,
sodium orthnovanidate, betaglycerophosphate, protease inhibitor
cocktail, ammonium persulfate TEMED, nicotinamide adenine
dinucleotide phosphate (NADPH), scintillation fluid, bovine serum
albumin, Tween-20, polyvinylidene difluoride (PVDF) membrane,
glycine, sodium chloride, sodium EDTA, Trypan blue dye, PBS,
glycine, tertrahydrobiopterine (BH4) and Triton X-100 were from
Sigma Aldrich. ECL solution A and B, NOS activity assay kit
(Caymans), and titrated arginine were from Cambridge Bioscience.
Tris HCl and sodium deoxycholate were from Fishers Scientific.
Bradford ultra protein assay kit was from Expedeon protein
solutions.
Cell culture
Cells were cultured and maintained in DMEM containing 5 mM
glucose supplemented with 10% foetal bovine serum, 1 µM BH4,
100 U/ml of penicillin and 100 µg/ml of streptomycin. They were
used for experiments when they became 80 to 100% confluent in
either 10 c or 6 cm corning cell culture dishes. They first had their
culture media replaced with serum free DMEM conditioned with or
without either 0.1 or 1 µM Ang II for 24 h in the incubator (air 95%,
O2 5% and humidified). At the end of the Ang II pre-incubation
period, the cells were treated with or without insulin (100 nM, 30
min). Phenol red free DMEM was used as starvation and treatment
media in the NOS activity experiments.
Western blot
The cells were rinsed with ice cold wash buffer (1X PBS, Na2VO3,
EDTA) and lysed in 200 µl of RIPA lysis buffer (50 mM Tris HCl, pH
7.2, 150 mM NaCl, 5 mM EDTA, 1% Triton X-100, 0.5% sodium
deoxycholate, 0.1% w/v SDS, 200 µM Na2VO4, 1 mM lytic cocktail)
on ice for 10 min, harvested with the aid of a plastic cell scrapper
and transferred into 0.5 ml Eppendorf. The lysate was clarified by
micro centrifugation (10000 g, 10 min) before the proteins in 100 µl
were resolved by SDS polyacrylamide gel electrophoresis (4%
stacking gel, pH 6.8; 8.5% resolving gel, pH 8.0), in a running buffer
(190 mm glycine, 25 mM Tris, 0.1% SDS). Resolved gel proteins
were transferred to PVDF membrane by passing a constant current
of 100 mA for 4 h through the transfer buffer (190 mM glycine, 25
mM Tris, 20% methanol). The protein blots were subsequently
incubated with polyclonal primary antibodies to β-actin (1:10000),
phospho AKT Ser-473 (1:1000) and phospho eNOS Ser-1177
(1:1000) for 1 h each before they were washed and probed with
polyclonal goat anti-mouse (1:5000) and anti-rabbit (1:1000) for 1 h
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each. Following repeat final washes, the immunoblots were
incubated with ECL chemilumniscence solution A and B. Detection
of protein bands was with the aid of Chemidoc (Biorad). Protein
quantification was with Imagelab software (Biorad).

Cell culture
Cells were cultured and maintained in DMEM containing 5 mM
glucose supplemented with 10% foetal bovine serum, 100 U/ml of
penicillin and 100 µg/ml of streptomycin. They were used for
experiments when they became 80 to100% confluent in either 10 or
6 cm corning cell culture dishes. They first had their culture media
replaced with serum free DMEM conditioned with or without either
0.1 or 1 µM Ang II for 24 h in the incubator (air 95%, O2 5% and
humidified). At the end of the Ang II pre-incubation period, the cells
were treated with or without insulin (100 nM, 30 min). Phenol red
free DMEM was used as starvation and treatment media in the
NOS activity experiments.

Western blot
The cells were rinsed with ice cold wash buffer (1X PBS, Na2VO3,
EDTA) and lysed in 200 µl of RIPA lysis buffer (50 mM Tris HCl pH
7.2, 150 mM NaCl, 5 mM EDTA, 1% Triton X-100, 0.5% sodium
deoxycholate, 0.1% w/v SDS, 200 µM Na2VO4, 1 mM lytic cocktail)
on ice for 10 min, harvested with the aid of a plastic cell scrapper
and transferred into 0.5 ml Eppendorf. The lysate was clarified by
micro centrifugation (10000 g, 10 min) before the proteins in 100 µl
were resolved by SDS polyacrylamide gel electrophoresis (4%
stacking gel pH 6.8; 8.5% resolving gel pH 8.0), in a running buffer
(190 mm glycine, 25 mM Tris, 0.1% SDS). Resolved gel proteins
were transferred to PVDF membrane by passing a constant current
of 100 mA for 4 h through the transfer buffer (190 mM glycine, 25
mM Tris, 20% methanol). The protein blots were subsequently
incubated with polyclonal primary antibodies to β-actin (1:10000),
phospho AKT Ser-473 (1:1000) and phospho eNOS Ser-1177
(1:1000) for 1 h each before they were washed and probed with
polyclonal goat anti-mouse (1:5000) and anti-rabbit (1:1000) for 1 h
each. Following repeat final washes, the immunoblots were
incubated with ECL chemilumniscence solution A and B. Detection
of protein bands was with the aid of Chemidoc (Biorad). Protein
quantification was with Imagelab software (Biorad).

NOS activity assay
Treated and untreated confluent cells in 10 cm corning cell culture
dishes were rinsed with ice cold wash buffer (1X PBS, 1 mM EDTA)
and then harvested with a cell scrapper in 1 ml of same buffer.
They were subsequently pelleted by centrifugation (10000 g, 5 min)
and the wash buffer discarded before homogenizing in 50 µl
homogenization buffer by sonicating for 20 min on ice. Splashed
homogenate on the sides of the microfuge tubes were recovered by
repeating the spin for 1 min before pipetting up and down to
disperse, and the protein content of the supernatant was
determined (Bradford Ultra Protein Assay). The protein
concentrations of all samples were standardized to 5 mg/ml or
more. The NOS activities of the homogenates were measured by
the rate of conversion of titrated arginine to titrated citrulline
according to the assay kit manufacturer’s instruction.

Cell viability assay
Confluent EA.hy926 cells were serum starved for 24 h in DMEM
with or without 1 µM Ang II conditioning before they were detached

by trypsinization and re-suspended in 1 ml of PBS. 50 μl of each
cell suspension was incubated with equal volume of 4% Trypan
blue on ice for 5 min (Strober, 2001; Altman et al., 1993).
Thereafter, 20 μl of the dispersed cell-dye mixture was counted with
a haemocytometer and the number of dead cells (dark-stained from
dye retention) and total number of cells were counted for 10
squares. The percentage of cell viability was subsequently
calculated from:
Cell viability (%) =

Microscopy
Normal and Ang II induced insulin-resistant cultured EA.hy926 cells
were first examined under the light microscope (x40 magnification).
Thereafter, EA.hy926 cells grown over glass cover slips were fixed
in 4% paraformaldehyde and stained with DAPI (1:20000 dilution of
2 mg/ml stock) and Rhodamine conjugated Phalloidin (1:100
methanol dilution of 0.5 mg/µl DMSO stock), to view their actin
cytoskeleton using the Snapshot Widefield fluorescence
microscope. Image capturing was with the Coolsnap camera at x20
magnification.

Statistical analyses
Results are expressed as mean ± standard error mean (SEM) of 3
or more independent experiments and statistical analyses was with
graph pad prism 7.0 using either the student’s t test or one way
analysis of variance (ANOVA) with Tukey’s multiple comparison
tests. Level of statistical significance was set at P values less than
0.05.

RESULTS
Initial assessment of EA.hy926 cell responses to insulin
treatment (Figure 1A to D) showed that the level of
phosphorylated AKT Ser-473 was 780.20 ± 134.00% of
untreated cells (n=11) while phosphorylated eNOS Ser1177 level was 205.90 ± 33.15% of untreated cells
(n=14). The NOS activity in insulin-treated cells was
363.30 ± 60.68% of untreated cells (n=5). The level of
phosphorylated eNOS Ser-1177 in insulin-treated
EA.hy926 following their pre-incubation with either 0.1 or
1 µM Ang II for 24 h were 151.54 ± 12.91% and 90.58 ±
20.23% of their respective treatment-matched control,
compared to 166.99 ± 23.07% obtained in insulin-treated
normal cells (Figure 2A). Insulin-induced NOS activity in
Ang II pre-treated cells was 66.47 ± 7.82% of control
compared to 181.90 ± 11.25% in non-Ang II pre-treated
cells (Figure 2B). The basal level of phosphorylated
eNOS Ser-1177 in EA.hy926 cells pre-treated with Ang II
(0.1 or 1 µM Ang II, 24 h) were 120.36 ± 6.30 and 171.38
± 21.44% of untreated cells, respectively (Figure 3A).
Basal NOS activity was also increased following 24 h 1
µM Ang II pre-treatment (220.70 ± 26.73% of untreated
cells (Figure 3B). Microscopic examination of 1 µM Ang II
treated cells and untreated cells showed normal histology
(Figure 4A and B) and actin cytoskeleton (Figure 4C and
D). The percentages of cell viability assessed using the
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Figure 1. EA.hy926 cell responses to insulin. The effect of treating quiescent EA.hy926 cells with insulin (100 nM,
30 min). (A) Representative immunoblot of phosphorylated eNOS Ser-1177, phosphorylated AKT Ser-473 and βactin of insulin treated and untreated EA.hy926 cells. (B) Densitometry of phospho eNOS Ser-1177 shows that
insulin resulted in 2 fold increase in the mean level of phosphorylation of eNOS at Ser-1177 (*P< 0.05, Student’s t
test). Data are mean ± SEM of 14 separate experiments. (C) Densitometry of phospho AKT Ser-473. Insulin
treatment resulted in 8 fold increase in the mean level of phosphorylation of AKT at Ser-473 relative to untreated
controls (*P<0.05, Student’s t test). Data are mean ± SEM of 11 different experiments. (D) NOS activity of
EA.hy926 cell homogenates measured by the rate of conversion of titrated Arginine to citrulline expressed a
percentage of untreated control. Insulin resulted in 4 fold increase in the NOS activity of treated EA.hy926 cells
compared to untreated controls (*P<0.05, Student’s t test). Data represent mean ± SEM of 5 separate
experiments.

Trypan blue dye exclusion assay were 97.55 ± 1.22 and
99.11 ± 0.03 in untreated and 1 µM Ang II-treated
EA.hy926 cells, respectively (Figure 5).

DISCUSSION
Treatment of serum-starved EA.hy926 cells with insulin
(100 nM, 30 min), resulted in significant activation of their
PI3K-AKT-eNOS pathway, evident from the increased
levels of AKT phosphorylated at Ser-473 and eNOS
phosphorylated at Ser-1177 on immunoblots of treated
EA.hy926 cell lysates as compared to untreated controls
(Figure 1A, B and C). The observations here are in line
with previously published data (Montagnani et al., 2001;
Repetto et al., 2006; Xiao et al., 2015). The increased
level of insulin-mediated eNOS phosphorylation observed
in immunoblots was further corroborated by the

observation of significantly higher NOS activity of insulintreated EA.hy926 cells compared to untreated controls
(Figure 1D), in line with previously reported data where
resveratrol induced eNOS phosphorylation at Ser-1177
correlated with enhanced NOS radioactivity (Notas et al.,
2006). Taken together, both results suggest enhanced
NO output from EA.hy926 cells following insulin
stimulation. In-vivo, NO produced by endothelial cells
dissolves in the aqueous phase of the blood and diffuses
to influence vascular smooth muscle cells (VSMCs) by
activating their guanylyl cyclase with consequent
activation of myosin light chain dephosphorylase, which
dephosphorylates the myosin light chains, resulting in the
dissociation of the myosin light chain heads from actin
culminating in smooth muscle relaxation (Ling et al.,
2015; Sausbier et al., 2000; Somiyo and Somiyo, 2003;
Lincoln et al., 2001). Dysregulation of this endothelial
NO-dependent vasodilation plays important pathogenic
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Figure 2. Insulin responses of EA.hy926 cells pre-treated with two different concentrations of Ang
II. (A) Representative immunoblot of insulin-treated and untreated EA.hy926 cell lysates showing
phosphorylated eNOS Ser-1177, phosphorylated AKT Ser-473 and β- actin. (B) Densitometry of
phosphorylated eNOS Ser-1177 expressed as percent of treatment-matched control. Insulin
resulted in significant increase in the levels of phosphorylation of eNOS at Ser 1177 in Ang IIuntreated and 0.1µM Ang II pre-treated EA.hy926 cells but the response in 1µM Ang II pre-treated
EA.hy926 cells were significantly impaired relative to untreated cells. The results represent the
mean ± SEM of 3-4 separate experiments. (C) NOS activity of insulin treated and untreated
EA.hy926 cells in the presence or absence Ang II pre-treatment (1µM, 24 h). The insulin mediated
increase in the NOS activity was significantly impaired in the presence of Ang II pre-treatment
(**P<0.01 vs. treatment-matched control, ###P<0.01 vs. insulin treated in the absence of Ang II, One
way ANOVA, Tukey’s multiple comparison). Data represent mean ± SEM of 3 separate
experiments
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Figure 3. Basal eNOS activation is enhanced following 24 h Ang II pre-treatment of EA.hy926 cells. (A)
Densitometry of anti-phospho eNOS Ser-1177 immunoblot of EA.hy926 pre-treated with or without Ang II
(0.1 µM or 1 µM, 24 h). The level of phosphorylated eNOS Ser-1177 was significantly higher in Ang II pretreated cells (120 ± 6.0% and 171 ± 21% of untreated for 0.1 and 1 µM respectively) compared to untreated
(*P<0.05 versus untreated, Student’s t test. Data represents mean ± SEM of 3-4 independent experiments.
(B) NOS activity of EA.hy926 in the presence or absence of Ang II pre-treatment (1 µM, 24 h). NOS activity
was higher in the 1 µM Ang II pre-treated cells (221 ± 26.73% of untreated (*P<0.05, Student’s t test). Data
represents mean ± SEM of 4 independent experiments.
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Figure 4. Effect of high Angiotensin II concentration on morphology of
EA.hy926 cells. Top panel represents light photomicrograph of EA.hy926 cells
(A) in the absence and (B) presence of Ang II (1 µM, 24 h). Ang II pre-treated
cells remained adherent to their cell culture dishes and showed no
morphological distortions relative to untreated cells. Bottom represents
fluorescence photomicrograph of EA.hy926 cells (C) in the absence of Ang II
and (D) presence of Ang II (1 µM, 24 h). There were no observable distortions
in the architecture of the nuclei and actin cytoskeleton in Ang II pre-treated
cells relative to untreated cells.

Figure 5. Effects of Ang II on the Viability of EA.hy926 cells. Trypan
blue dye exclusion assay of EA.hy926 cells pre-treated with or
without Ang II (1 µM, 24 h). Ang II pre-treatment did not affect the
cell viability (P>0.05, Student’s t test. The result represents the
mean ± SEM of 3 separate experiments.
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role in essential hypertension and insulin-resistant states
such as obesity and type II diabetes mellitus (Schalkwijk
and Stehouwer, 2005; Fontes-Guerra et al., 2015; Prieto
et al., 2014; Tangvarasittichai, 2015). Hence, impaired
NO-dependent vasodilation is a common feature in
cardiovascular morbidities associated with these disease
phenotypes (Giles et al., 2012; Mohan et al., 2010).
Besides its role in regulating vascular tone, the anticoagulating,
anti-inflammatory
and
anti-apoptotic
functions of NO produced by endothelial cells are
important for maintenance of cardiovascular health
(Ahiuwalia et al., 2004; Lamb and Goldstein, 2008;
Randomski et al., 1990; Esmon and Esmon, 2011). The
results from the Western blot experiments showing how
24 h Ang II (either 0.1 or 1 µM) pre-incubation of
EA.hy926 differentially affected their response to insulintreatment (100 nM, 30 min) were revealed because of the
contrasting outcomes (Figure 2A and B). With the 0.1 µM
Ang II pre-treatment prior to insulin stimulation, the eNOS
Ser-1177 and AKT Ser-473 phosphorylation responses
were not significantly altered relative to cells treated with
only insulin. On the contrary, EA.hy926 cells preincubated with the 1 µM Ang II concentration for 24 h
prior to stimulating with insulin, showed diminished
insulin-mediated phosphorylation of AKT at Ser-473 and
eNOS at Ser-1177 compared to none-Ang II treated cells.
One previous study suggested that pre-incubation of
primary HUVECs with 0.1 µM Ang II for a shorter time
duration of 30 min prior to stimulation with insulin,
impaired the insulin-PI3kinase signalling response via a
different mechanism involving negative regulation of insPI3K-AKT signalling (Andreozzi et al., 2004), but no
record can be found describing the effects of 24 h Ang II
pre-incubation of EA.hy926 on insulin signalling via this
pathway. Another study which reported the Ang II
induced differential insulin action in rat skeletal muscles
was conducted in vivo (Surapongchai et al., 2017).
Although it suggested that a lower concentration of 100
ng/ml was more effective than 500 ng/ml at impairing
insulin action, the findings does not invalidate the results
of this in vitro study as the investigators did not determine
the equilibrium Ang II concentration at the tissue level,
prior to homogenization. The 1 µM concentration of Ang II
had been previously reported to induce apoptosis in
cultured HUVECs using detection by flow cytometry (Xiao
et al., 2015) or the DNA fragmentation test (Dimmeler et
al., 1997), an effect that was linked to attenuated
endothelial NO production in both studies. Even though
the former study also reported a differential proapototic
effects following 24 h pre-incubation of HbmECs with 0.1
and 1 µM Ang II concentrations, it failed to extend the
evaluation to any concentration-dependent effect in terms
of changes in the levels of phosphorylated AKT Ser-473,
phosphorylated eNOS Ser-1177 nor NO output of basal
and agonist treated cells like in the present study, as the
0.1 µM concentration was adopted in the subsequent
parts of the report. Contrary to the aforementioned
proapoptotic studies, this study has not observed any

significant alteration in the percentage cell viability of
dish-adherent EA.hy926 post 24 h incubation with the 1
µM Ang II, using the Trypan blue viability assay technique
(Figure 5). Although this dye exclusion viability assay is a
less sensitive assay than ELISA and flow cytometry used
in both previously reported studies. The Ang II pretreated cells appeared normal under the light microscope;
they neither showed significant distortion in their nuclei
nor actin-cytoskeletal architecture compared to untreated
cells (Figure 4C and D). Taken together, these data seem
to suggest that EA.hy926 cells well-tolerated 24 h preincubation with the 1 µM Ang II concentration and this
concentration seems to be more effective at modelling
insulin-resistance in cultured ECs than the 0.1 µM
concentration used in earlier in vitro acute drug exposure
experiment (Andreozzi et al., 2004). Although it would
seem to be in line with a recent study involving a different
agonist from insulin (Xiao et al., 2015; Li et al., 2016), the
observation in both studies differ in several aspects.
While in the present study basal phosphorylated AKT
Ser-473, phosphorylated eNOS Ser-1177 and NOS
activity increased following 24 h pre-treatment with Ang II
in a concentration dependent manner (Figure 3). Xiao et
al. (2015) reported it diminished as the concentration of
Ang II was increased. The observation in this study is
novel as it highlights the significant contribution of
accentuated basal NOS activation to the attenuated
response to insulin by Ang II pre-treated EA.hy926 cells,
when the data are normalized as ratios of treatmentmatched controls.
The mechanisms underlying the contrasting outcomes
of pre-treatment with the two different concentrations of
Ang II on EA.hy926 response to insulin as reported in this
study were not elucidated, but several possibilities could
be inferred. Firstly, endothelial cells have been reported
to produce angiotensin converting enzyme 2 (ACE 2),
capable of degrading Ang II in vitro (Lovren et al., 2008).
It is possible that with the smaller concentration of 0.1
µM, most of the added Ang II is degraded from the
starvation medium, in the course of the 24 h preincubation of the cells. On the contrary, in cells treated
with 1 µM Ang II, the effect was sustainable throughout
the pre-incubation period due to the availability of some
intact Ang II in the medium at the point of stimulation with
insulin, despite the degradative action of the endothelial
ACE 2. To exclude this as a possible underlying
mechanism behind the Ang II-induced differential
response of EA.hy926 cells to insulin, further work would
have to be carried out to measure the residual Ang II
concentration in the starvation medium at the end of the
24 h incubation period. ACE 2 degrades Ang II to yield
Ang (1-7) which can activate the PI3K-AKT-eNOS
signalling (Yang et al., 2012; Shi et al., 2015; Xiao et al.,
2015). More Ang(1-7) could have been formed with the
higher concentration of 1 µM Ang II, resulting in the
relatively higher basal phosphorylated eNOS Ser-1177
levels and NOS activity in 1 µM Ang II pre-treated cells as
compared to untreated and 0.1 µM Ang II pre-treated
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cells (Figure 2A and B).
Another possible mechanism underlying the contrasting
outcome seen here with the two different pre-treatment
concentrations of Ang II could be differential expression
of the agonist receptor subtypes. To exclude this, it would
be necessary to experimentally compare AT1 and AT2
receptor proteins expression by EA.hy926 cells incubated
under the two different Ang II concentrations. While
relative AT1R predominance will favour an impaired
insulin-response, a relatively predominant expression of
AT2R could either enhance or impair insulin response
depending on whether the data is normalized as a ratio of
treatment-matched controls or not. This hypothesis could
be further investigated by assessing changes in the
receptor subtype expression under both treatment
conditions at both protein and gene levels. Thirdly, it is
also possible that differences in the extent of activation of
NADPH oxidase system by Ang II in the two different
conditioned starvation media, prior to stimulating with
insulin, contributed to the different experimental
outcomes. ROS are known to activate other serine/
threonine kinase pathways such as JUNK and MAPK that
negatively regulate the insulin-PI3Kinase signalling
(Andreozzi et al., 2004). Another interesting observation
in this study was the fact that the basal eNOS Ser-1177
phosphorylation was higher in the Ang II induced insulinresistant EA.hy926 versus none Ang II-treated controls
(Figure 3A). This response could be reactive and could
support the hypothesis of differential expression of the
Ang II receptor subtypes, as Ang II acting via AT2R could
induce eNOS Ser-1177 phosphorylation via the
Bradykinin activation pathway (Yayama et al., 2006) or
ACE 2 mediated production of Ang (1-7) from Ang II
concentration dependently (Tassone et al., 2013; Li et al.,
2016; Xiao et al., 2015). Incremental changes in basal
phosphorylation of eNOS at Ser 1177 in the 1 µM Ang II
compared to 0.1 µM pre-treated cells were observed. The
incremental trend seen in the Ang II induced eNOS
phosphorylation may be due to differences in either the
residual Ang II or generated Ang (1-7) concentration
following ACE 2 degradative action. Similar observation
was made with the NOS activity of 1 µM Ang II pretreated cells being significantly higher than basal activity
(Figure 3B).
In conclusion, while 24 h pre-incubation of EA.hy926
with 1 µM concentration of Ang II significantly attenuated
both the insulin-mediated phosphorylation of eNOS and
NOS activity, the 0.1 µM concentration was not so
effective in this study. The reactive enhancement of basal
eNOS activation following 24 h pre-incubation with Ang II
is thought to have made important contributions to the
observed impaired response to insulin by EA.hy926 cells,
when the data are expressed as a percentage of
treatment-matched controls, as in the present study. The
cells also tolerated the 1 µM Ang II concentration well
enough, suggesting a suitable in vitro cell culture model
of endothelial insulin-resistance.
Investigating the relative expression of the AT1 and
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AT2 receptor protein as well as the quantification of the
residual Ang II and Ang (1-7) generated following the
degradative actions of ACE 2, in the cell starvation media
at the end of the 24 h incubation period, could further
validate this limited study.
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