
Eryptosis and oxidative damage in hypertensive and dyslipidemic
patients

Carmen Elisa Pinzón-Dı́az1
• José Vı́ctor Calderón-Salinas2

•

Margarita Marcela Rosas-Flores2
• Gerardo Hernández3

•
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Abstract Arterial hypertension is a disease that often

coexists with dyslipidemia. Both disorders can produce

oxidative stress. Studies in vivo and in vitro have proven

that oxidative stress can induce an increment of the ery-

throcyte apoptosis (eryptosis), through the rise of free

intracellular calcium concentration ([Ca2?]i). Higher levels

of eryptosis have not been described in patients with

hypertension, dyslipidemia, or both combined. This study

involved 81 men between 26 and 50 years old, assorted

into four groups: normotensive with and without dyslipi-

demia, and hypertensive with and without dyslipidemia.

Hypertensive and/or dyslipidemic patients had double

mean lipid peroxidation and 30% less mean GSH con-

centration than the normotensive non-dyslipidemic

patients. Mean [Ca2?]i in hypertensive patients was 100

and 200% higher, in patients without and with dyslipi-

demia, respectively, compared to normotensive patients.

Dyslipidemic normotensive patients had three times higher

mean PS externalization than the normotensive non-dys-

lipidemic patients, and the hypertension condition doubled

this difference. Hypertensive patients had higher eryptosis

associated with higher levels of [Ca2?]i and oxidative

stress, suggesting that eryptosis participates in the patho-

physiological mechanisms of hypertension. The

quantitative analysis, when the dyslipidemic factor is

included, shows that oxidative stress–[Ca2?]i–eryptosis do

not follow a unique pattern in the different groups and

suggests the existence of mechanisms of induction and

molecular pathways alternative or additional to oxidative

stress and [Ca2?]i, respectively.
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Introduction

Arterial hypertension (AH) is a pathology characterized by

an elevated arterial pressure, either systolic or diastolic [1].

According to the WHO, one out of three adults in the world

suffers from AH [2]. Cardiovascular and renal complica-

tions produced by AH result in high economic costs and

deterioration of the quality of life and can be exacerbated

by other conditions, such as smoking, alcoholism, psy-

chological stress, diabetes mellitus, or dyslipidemia [3–5].

Dyslipidemia is an alteration of the concentration of

triglycerides or cholesterol in the blood [6]; it is also

widely distributed and is frequently associated with AH

and believed to intensify its complications [5, 7]. Some

works have associated the oxidative stress with AH:

hypertensive patients present a high production of hydro-

gen peroxide, superoxide ion, and nitric oxide in leuko-

cytes [8–10], elevated lipid peroxidation in erythrocytes,

and high concentrations of 8-isoprostanes in plasma [11].

Patients with moderate untreated AH presented a high lipid

peroxidation in erythrocytes in comparison with nor-

motensive individuals and treated hypertensive patients

[12], and heightened concentration of 8-isoprostanes in

urine compared to patients with treated AH [13]. On the
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other hand, treated hypertensive patients with evolution

time between five and ten years showed a low lipid per-

oxidation in blood [14].

Regarding the antioxidant response, untreated hyper-

tensive patients presented a low concentration of GSH in

erythrocytes [15, 16], low activity of catalase (CAT),

superoxide dismutase (SOD), and glutathione peroxidase

(GPx) in erythrocytes [11] and blood [14], compared to

normotensive patients. Hypertensive patients with dyslipi-

demia also had a lower total antioxidant capacity and lower

activity of SOD and CAT in plasma [17]. On the contrary,

treated hypertensive patients showed a higher concentra-

tion of GSH in blood with respect to normotensive patients

[18]. Dyslipidemia, associated with other pathologies such

as obesity and diabetes mellitus type II, can intensify the

oxidative stress [19, 20].

Oxidative damage has been associated with high levels

of eryptosis through a rise of intracellular free calcium

concentration [Ca2?]i, as shown in vitro studies [21–24], in

patients intoxicated with lead [25], and in diabetic patients

with chronic renal damage [26]. Patients with uncontrolled

AH also have high [Ca2?]i [27], though these authors did

not study either oxidative damage or eryptosis. To the

present, there are not studies that associate eryptosis with

AH, even though high levels of eryptosis could be involved

in the pathophysiological mechanisms of micro- and

macrovascular complications of AH [26, 28]. The incre-

ment of [Ca2?]i is not the only known pathway to produce

higher rates of eryptosis [29]; besides oxidative stress,

energetic, mechanical, and osmotic stresses can also induce

eryptosis [23].

This work focuses on eryptosis, oxidative damage, and

[Ca2?]i in normotensive patients with and without dys-

lipidemia, and hypertensive patients with and without

dyslipidemia; patients with hypertension and dyslipidemia

were under pharmacological treatment. The purpose is to

determine if AH alone or associated with dyslipidemia

generates higher levels of eryptosis induced by oxidative

stress and having elevated [Ca2?]i as the signaling

pathway.

Materials and methods

This study involved 81 Mexican mestizo men from the city

of Durango, Dgo, Mexico, with age range between 26 and

50 years, belonging to the middle class. The study groups

consisted of 15 normotensive non-dyslipidemic patients

(NT), 27 normotensive patients with dyslipidemia (ND), 12

hypertensive non-dyslipidemic patients (HT), and 27

hypertensive patients with dyslipidemia (HTD). All

patients were diagnosed and treated at the Durango State

Public Health Centers by specialists in internal medicine,

according to the criteria established by the American Heart

Association [2, 6].

Hypertensive patients were diagnosed as patients with

essential hypertension and were treated with captopril or

enalapril (ACE inhibitors), and patients with dyslipidemia

with bezafibrate or atorvastatin. Treatments were dis-

tributed in the different groups as follows: ND: 10 were

treated with atorvastatin and 17 with bezafibrate; HT: 4

were treated with captopril and 8 with enalapril; HTD: 9

were treated with captopril, of which 4 were treated with

bezafibrate and 5 with atorvastatin; the other 18 HTD

patients were treated with enalapril, of which 9 also

received bezafibrate and 9 received atorvastatin.

No patient ever suffered uncontrolled hypertension or

received treatments unrelated to hypertension or dyslipi-

demia; none presented clinical evidence of either renal,

endocrine, gastrointestinal, or cardiovascular diseases.

The study protocol was approved by the Ethics Com-

mittee of the Institute of Scientific Research of the

Universidad Juárez del Estado de Durango, México,

according to the Declaration of Helsinki and the second

title, Chapter 1, Article 17, paragraph 2 of the Law General

Health research. All subjects provided written informed

consent, and participation was voluntary.

Blood pressure determination

Arterial pressure was measured in seated participants after

they rested for 5 min with the use of a pneumatic bau-

manometer on the left arm, according to the criteria

established in the Seventh Report of the Joint National

[30].

Blood sample collection

Blood was collected by venipuncture into heparinized

tubes. The samples were maintained at 4 �C until use. An

aliquot of the blood was used for obtaining erythrocytes

and plasma, each sample of blood was centrifuged at

7009g for 10 min at 4 �C, the plasma was preserved by

freezing until its use, and the white cells were discarded.

Biochemical parameters

Glucose, total cholesterol, triglycerides, C-HDL, and

C-LDL were measured using colorimetric and enzymatic

methods.

Lipid peroxidation

Lipid peroxidation in erythrocytes was measured by the

concentration of thiobarbituric acid-reactive substances

(TBARS) at 532 nm of absorbance using a
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spectrophotometer UV/125 VIS 730 (Beckman). The

TBARS are expressed as nmol malondialdehyde equiva-

lents per ml of erythrocytes (nmol/ml), according to a

calibration curve of malondialdehyde [31–33].

GSH concentration

The concentration of reduced glutathione in erythrocytes

was measured using a Glutathione Assay Kit (Sigma

CS0260), limiting the procedure to the determination of

reduced glutathione. Erythrocytes were washed with PBS

by centrifugation at 6009g for 10 min. Erythrocytes were

incubated for 5 min with 200 ll of 5-sulfosalicylic acid

(5%), and the supernatant was recovered after 10 min of

centrifugation at 10,0009g. The quantification in each

sample was made in duplicate; the samples were further

incubated with the final concentration of the components in

the reaction mixtures (95 mM potassium phosphate buffer,

pH 7.0, 0.95 mM EDTA, 0.031 mg/ml DNTB, and 0.24%

5-sulfosalicylic acid). The TNB was measured at 412 nm

in a Stat Fax 4200 microplate reader [34].

Assessment of [Ca21]i

Erythrocytes were suspended in HEPES buffer saline,

containing 144 mM NaCl, 5 mM KCl, 10 mM HEPES,

5 mM glucose, 1.8 mM MgCl2, and 1.5 mM CaCl2; ery-

throcytes were loaded with 1 lM Fluo-3 AM in the dark at

37 �C. Loaded cells were centrifuged at 5009g, and the

final concentration of packed erythrocytes was 1% in iso-

tonic buffer; for fluorescence measurements, 100 ll of cell

suspension was added to 2.5 ml of isotonic buffer at 37 �C
and under constant magnetic stirring using a spectrofluo-

rophotometer (RF-Shimadzu 5301PC). The sample was

measured with the pair excitation/emission at 500/515 nm.

Calibrations were performed as previously described

[27, 33].

PS externalization

The erythrocytes were diluted 1:100 in a binding buffer

consisting of 10 mM HEPES-Na, pH 7.4, 136 mM NaCl,

and 2.5 mM KCl, 2 mM MgCl2, 1 mM NaH2PO4, 5 mM

glucose, 5 mg/ml BSA, and 2.5 mM CaCl2. An aliquot of

100 lM Annexin V-FITC was added to a concentration of

100 lM of propidium iodide buffer. Samples were incu-

bated at room temperature in the dark. Erythrocytes were

analyzed by flow cytometry after staining. The cells were

analyzed by forward and side scatter, the fluorescence

intensity of Annexin V was measured in the FL-1 channel

with an excitation wavelength of 488 nm and an emission

wavelength of 530 nm. Cytometric analysis was performed

by a FACSCalibur flow cytometer (Bekcton Dickinson,

Heidelberg, Germany); 100% of the externalization of

phosphatidylserine in erythrocytes was achieved by incu-

bating them with ionophore calcium ionomycin at a con-

centration of 1 lM [25, 35].

Statistical analysis

All tests were performed using R [36]. To compare the

effects of dyslipidemia and hypertension on different

variables, we used robust versions of two-way ANOVA

with the package WRS2 [37]. We applied Wilcoxon rank-

sum test (Mann–Whitney test) for selected pairwise com-

parisons. Statistical significance level was set at p = 0.05.

Many of our samples failed to adjust to a normal distri-

bution, as observed from Shapiro–Wilk test and Q–Q

graphs, and there is no universal consensus as to what two-

way ANOVA should be preferred in this event. We decided

to employ robust versions of this test (trimmed mean

comparisons, two-median comparisons, M-estimators) and

the standard two-way ANOVA, and compare their results.

Only in two cases (of the 16 tests), different outcomes were

produced. We chose those results where most of the tests

concurred. In all variables—[Ca2?]i, TBARS, GSH, and PS

externalization—we found statistical significance. We then

tested pairwise differences selecting as few comparisons as

possible, to reduce the increase of type I error. Mann–

Whitney test (Wilcoxon rank-sum test) is a standard choice

when normality is violated, and it is efficient even under

normality conditions. Multivariate procedures supporting

Fig. 1 were done with the fcp package [38].

Fig. 1 Discrimination of the four studied groups according to the

patient values of TBARS and [Ca2?]i. Normotensive non-dyslipi-

demic patients (NT) (non-filled square), normotensive patients with

dyslipidemia (ND) (filled square), hypertensive non-dyslipidemic

patients (HT) (non-filled circle), and hypertensive patients with

dyslipidemia (HTD) (filled circle)
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Results

The age range of the different groups of patients was as

follows: normotensive and non-dyslipidemic, 27–43; nor-

motensive with dyslipidemia, 25–47; hypertensive and

non-dyslipidemic, 36–58; and hypertensive with dyslipi-

demia, 37–59 years. The diagnosis and treatment of the

patients were performed between 1 and 10 years before the

beginning of this study (Table 1).

Treated hypertensive patients (with or without dyslipi-

demia) showed discrete but statistically significantly higher

arterial pressure (Table 1).

The mean concentration of blood glucose was similar in

all patients. In 63% of the dyslipidemic normotensive

patients, we found abnormal values in two or more

parameters of the lipid profile; hypertensive patients with

dyslipidemia presented similar conditions in 86% of the

cases. Triglyceride concentrations were particularly higher

(*200% of the concentration presented in non-dyslipi-

demic patients). The atherogenic index was higher

(*40%) in dyslipidemic patients compared to the non-

dyslipidemic ones (Table 1).

As shown in Table 2, hypertensive patients with and

without dyslipidemia and dyslipidemic normotensive

patients had 1.8, 2.1, and two times, respectively, higher

mean lipid peroxidation compared to normotensive non-

dyslipidemic patients. In the case of GSH concentration,

the mean values were lower (26, 32, and 37%, respectively)

in the same groups than in normotensive non-dyslipidemic

patients.

Mean [Ca2?]i in hypertensive patients without dyslipi-

demia were higher (*100%) and even higher (*200%) in

hypertensive patients with dyslipidemia, compared to

normotensive patients with and without dyslipidemia

(Table 3).

The mean PS externalization in hypertensive patients

with and without dyslipidemia was 2.3 times higher than

that in dyslipidemic normotensive patients and seven times

higher than that in normotensive patients without dyslipi-

demia. Dyslipidemic normotensive patients presented three

times higher mean PS externalization than normotensive

patients without dyslipidemia (Table 3).

Simple and multiple correlation tests between and

among the physiological and biochemical variables (dias-

tolic and systolic pressures, triglycerides, HDL, LDL, total

cholesterol) and molecular variables ([Ca2?]i, TBARS,

GSH, PS externalization), produced low and non-signifi-

cant values of r. In order to determine if the analyzed

pathological conditions can be associated to a different set

of values in the molecular variables, we used the k-means

method of classification, to group patients based on the

similitude of their molecular parameters. This analysis

formed clusters that remarkably corresponded to the four

studied groups. Principal component analyses led us to

project the whole population, with labels for each group, in

the TBARS—[Ca2?]i plane, and the result is shown in

Fig. 1. No other combination of two variables or the

addition of a third variable to the TBARS—[Ca2?]i pair

produced better discrimination. Basically, [Ca2?]i values

below 60 nM correspond to normotensive patients, those

Table 1 Characteristics and

biochemical parameters in

blood and plasma of the studied

groups

Parameters Patient groups

NT (n = 15) ND (n = 27) HT (n = 12) HTD (n = 27)

Age (years) 27–43 25–47 36–58 37–59

Duration hypertension (years) – – 2–6 1–10

Duration dyslipidemia (years) – 1–5 – 2–6

Systolic (mmHg) 116 ± 10a 116 ± 5a 135 ± 6b 135 ± 10b

Diastolic (mmHg) 76 ± 8a 75 ± 5a 83 ± 8b 91 ± 12c

In blood

[Glucose] (mg/dl) 89 ± 9a 91 ± 10a 91 ± 9a 96 ± 11b

Plasma

[Total Cholesterol] (mg/dl) 136 ± 23a 216 ± 38c 180 ± 14b 213 ± 46c

[Triglycerides] (mg/dl) 84 ± 19a 268 ± 106c 120 ± 21b 235 ± 69c

[C-HDL] (mg/dl) 43 ± 10a 52 ± 9c 54 ± 11b 47 ± 14d

[C-LDL] (mg/dl) 76 ± 20a 111 ± 39c 103 ± 20b 126 ± 33c

Atherogenic index 3.2 ± 0.6a 4.3 ± 1b 3.4 ± 0.7a 4.8 ± 1.3b

Normotensive non-dyslipidemic patients (NT), normotensive patients with dyslipidemia (ND), hyperten-

sive non-dyslipidemic patients (HT), and hypertensive patients with dyslipidemia (HTD)

Groups with the same letter are not statistically different (p\ 0.05)
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between 60 and 80 nM were observed in hypertensive non-

dyslipidemic patients, whereas patients with both

pathologies have the [Ca2?]i values above 80 nM. TBARS

separates the normotensive non-dyslipidemic patients from

the others, the limiting value being 1.0 nmol/ml.

Discussion

Mean arterial pressure in hypertensive patients is slightly

above the mean found in the non-hypertensive ones; this

fact, together with the absence of cardiovascular compli-

cations, indicates that the pharmacological treatment is

controlling the AH.

Dyslipidemic patients, in spite of being pharmacologi-

cally treated, presented alterations in the concentrations of

cholesterol, triglycerides, C-LDL, and C-HDL and

atherogenic index; however, the absence of other chronic

degenerative diseases indicates that dyslipidemia is mod-

erately controlled in these patients.

Hypertensive patients with or without dyslipidemia and

with only dyslipidemia had a high lipid peroxidation,

which implies that both pathologies either isolated or

combined produce oxidative damage. There was not an

additive effect when both pathologies were present;

chronic renal damage and diabetes mellitus produced such

an additive effect, both being chronic degenerative

pathologies that produce oxidative damage [26]. The

absence of additive effect in our case can be accounted for

by the effect of antihypertensive drugs (captopril and

enalapril) which might also have an antioxidant effect and

hence limit the oxidative damage, as has been reported:

lipid peroxidation in erythrocytes of treated hypertensive

patients was lower than that of the untreated hypertensive

ones [12]. Also, hypertensive patients treated for 9 weeks

[39] or 3 months [40] presented lower oxidative damage in

plasma.

On the other hand, in spontaneously hypertensive rats,

treatment with enalapril reduced the TBARS levels and

prevented the renal dysfunction, which did occur in

untreated rats [41]. One possible mechanism is that the

inhibitors of the convertase enzyme reduce the levels of

angiotensin II, which stimulates NADP oxidase enzyme

and in turn produces superoxide ion. Other pharmacologi-

cal treatments for patients with hypertension and dyslipi-

demia also reduced oxidative stress [42].

It is worth to mention that there are other antioxidant

mechanisms—besides GSH, not assessed in this study—

that could prevent major increments of oxidative damage

induced by additive or synergetic insults [43, 44].

Concerning the antioxidant mechanism dependent on

GSH, in this work we found that both pathologies, either

alone or combined, presented lower levels of GSH than the

level found in normotensive non-dyslipidemic patients,

which indicates an oxidative stress characterized by an

oxidative damage and consumption of GSH. Other authors

have found both in erythrocytes and in the blood of

hypertensive patients lower levels of GSH compared to

those found in normotensive subjects [15, 16, 40]. More-

over, patients with acute myocardial infarction and dys-

lipidemia also presented lower levels of GSH compared to

the control group [45]. The consumption of GSH is

Table 2 Oxidative damage measured as TBARS and reduced glutathione in erythrocytes of normotensive non-dyslipidemic patients (NT),

normotensive patients with dyslipidemia (ND), hypertensive non-dyslipidemic patients (HT), and hypertensive patients with dyslipidemia (HTD)

Oxidation and antioxidant response Patient groups

NT (n = 15) ND (n = 27) HT (n = 12) HTD (n = 27)

TBARS (nmol MDA/ml) 0.6 ± 0.1a 1.7 ± 0.4b 1.6 ± 0.5b 1.8 ± 0.6b

[GSH] (lM) 1076 ± 279a 683 ± 161b 733 ± 388b 795 ± 414b

Groups with the same letter are not statistically different (p\ 0.05)

Table 3 [Ca2?]i and PS externalization in erythrocytes of normotensive non-dyslipidemic patients (NT), normotensive patients with dyslipi-

demia (ND), hypertensive non-dyslipidemic patients (HT), and hypertensive patients with dyslipidemia (HTD)

Parameters Patient groups

NT (n = 15) ND (n = 27) HT (n = 12) HTD (n = 27)

[Ca2?]i (nM) 30 ± 8a 38 ± 15a 69 ± 6b 96 ± 14c

PS externalization (Annexin binding %) 0.1 ± 0.2a 0.3 ± 0.3b 0.7 ± 0.6c 0.7 ± 0.5c

Groups with the same letter are not statistically different (p\ 0.05)
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effectively compensated by NADPH; therefore, there is a

threshold for GSH that is independent of the sort and

strength of the insult [44].

According to our results, hypertension is a conditioning

factor for higher [Ca2?]i. Hypertensive non-dyslipidemic

patients had a higher [Ca2?]i than that found in nor-

motensive patients, and hypertensive dyslipidemic patients

had even higher [Ca2?]i, which suggests that lipid alter-

ations in erythrocytes of hypertensive patients either

increase the entrance of Ca2? through calcium channels

type L(TPR6), or diminishes the Ca2? extrusion due to the

inhibition of calcium ATPase. Oxidative stress, and even

more the lowering of GSH concentration, can induce an

increment in [Ca2?]i through the activation of the non-

selective cation channels which allow a higher entrance of

Ca2? [46]. However, the high [Ca2?]i concentration found

in hypertensive patients with dyslipidemia does not corre-

spond to a lower concentration of GSH or a higher

oxidative damage, which suggests that another type of

stress might be involved in the increment of [Ca2?]i in

erythrocytes of these patients, as has been suggested with

other models and conditions [23, 29, 47]. Further research

should seek to reveal mechanisms of entry and expulsion of

calcium in erythrocytes of hypertensive patients, as we

have already performed in lead-incubated erythrocytes and

in lead-intoxicated patients [35, 48].

It is known that oxidative stress can affect the extrusion

of Ca2? by reducing the activity of plasma membrane Ca2?

pump, and that endogenous and exogenous prostaglandins

can increase the activity of the calcium non-selective

cationic channels through mechanical or osmotic stress.

These mechanisms might also occur in hypertensive

patients with hydroelectrolytic alterations, where a dys-

lipidemic condition or a peripheral vascular resistance

could intensify its effects [49, 50].

Patients with dyslipidemia alone did not have a higher

[Ca2?]i, despite the increment of oxidative damage and the

reduction of the GSH concentration, which accentuates the

peculiarity of the hypertensive condition and hints that

oxidative stress is not the main factor that causes an

increment in the [Ca2?]i. In this case, the lipidic condition

of erythrocytes must be studied with respect to Ca2? ery-

throcytic mobility independently of an oxidative stress

condition, taking into account the energetic status and the

structural stability of erythrocytes [47].

We found that hypertension is associated to heightened

levels of eryptosis. Hypertensive patients, with or without

dyslipidemia, had a higher percentage of PS externalization

than the normotensive patients had. An increment in PS

externalization has been associated with a corresponding

increment in [Ca2?]i [23, 28], but dyslipidemic hyperten-

sive patients presented the highest [Ca2?]i, which does not

correspond to the higher values of PS externalization. It is

possible that an upper threshold concentration of erythro-

cytes with PS externalization is imposed by the removal

that macrophages implement, which would make

unattainable the determination of higher concentrations of

such erythrocytes, even if they occur.

In hypertensive dyslipidemic patients, the remarkably

high levels of [Ca2?]i do not correspond to the levels found

in PS externalization, which could also be possibly due to a

reduction in the activity of scramblase. It has been sug-

gested that the increment of cholesterol in plasma corre-

sponds to an increment of cholesterol in erythrocyte

membrane [51]. It is also known that the translocase

responsible for PS externalization can lose sensitivity to

[Ca2?]i due a rise in the concentration of cholesterol in the

plasmatic membrane [52]. In in vitro studies in both human

erythrocytes and liposomes enriched with cholesterol, the

scramblase activity is inhibited [53], despite the increment

of [Ca2?]i which dissociates the [Ca2?]i and PS external-

ization. It would be necessary to determine the concen-

tration of cholesterol and scramblase activity in

erythrocytes in hypertensive dyslipidemic patients to

ascertain this possible explanation.

Dyslipidemic patients without hypertension had a higher

PS externalization than normotensive non-dyslipidemic

patients, which does not correspond to the absence of a

statistically significant difference of [Ca2?]i. The fact that

normotensive dyslipidemic patients were in oxidative

stress and oxidative damage strengthens the idea that

oxidative stress is not the main factor for the increment of

[Ca2?]i. Besides, the increment in PS externalization in

these patients implies that there are other signaling path-

ways, in the case of dyslipidemia, which lead to eryptosis.

Other authors have proposed that oxysterols, which can

be found in high concentrations in patients with familial

combined hyperlipidemia [54], can also generate PS

externalization through the increment in the concentration

of PGE2 in human erythrocytes in vitro [55].

The former analysis concentrated on the effect of the

pathologies upon each molecular variable considered

individually. To see if the set of molecular variables as a

whole reflected distinctly the effect of each pathology

considered alone or in combination, we used principal

coordinates techniques to project on a plane, for each

patient, the set of values of the four variables ([Ca2?]i,

TBARS, PS externalization, and GSH). The components of

the principal coordinates indicated that two variables were

sufficient to produce such a distinction: TBARS and

[Ca2?]i. The TBARS values were enough to separate the

groups of patients with pathologies from the clinically

healthy group, whereas the [Ca2?]i values discriminate

normotensive from hypertensive patients, and within the

latter, dyslipidemic from the non-dyslipidemic patients.

The graph also hints that [Ca2?]i is a major signaling both
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in dyslipidemia and hypertension, and that the perturbation

in [Ca2?]i is higher in hypertension which is a more severe

pathology. The [Ca2?]i is affected by different causes and

not necessarily is produced by oxidation. The fact that

adding PS externalization to the graph does not improve

the separation between the groups supports the idea that PS

externalization has not [Ca2?]i as a unique signaling in the

eryptotic process.

The results of this work indicate that hypertensive

patients show oxidative stress, increments of [Ca2?]i, and

also higher levels of eryptosis. These results should be

compared under different clinical conditions to determine

its possible value in the prognosis of stages and treatment

response for hypertension. Our results also show that these

pathologies and their interaction involve complex molec-

ular signals. The participation of mechanical, osmotic, and

energetic stresses should be considered, for these mecha-

nisms have been suggested to affect erythrocytes of

patients with these pathologies; thus, the oxidative stress

would be relegated to a partial participation. Likewise,

[Ca2?]i cannot account for the quantitative increments in

eryptosis; therefore, other molecular signals must be found.

Additionally, metabolic factors that modify [Ca2?]i and PS

externalization, such as ATP and cholesterol concentration

in erythrocytes, should also be considered. Future work

addressing the scramblase activity, prostaglandin concen-

tration, ceramide, and cholesterol in erythrocytes might

help identify signaling paths that correspond to hyperten-

sion and dyslipidemia pathologies.
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MA, Hernández G, Arévalo-Rivas BI, Zentella-Dehesa A, Cal-

derón-Salinas JV (2014) Effect of vitamin E and C supplemen-

tation on oxidative damage and total antioxidant capacity in lead-

exposed workers. Environ Toxicol Pharmacol 37(1):45–54.

doi:10.1016/j.etap.2013.10.016

34. Akerboom TPM, Sies H (1981) Assay of glutathione, glutathione

disulfide, and glutathione mixed disulfides in biological samples.

Methods Enzymol 77:373–382. doi:10.1016/S0076-

6879(81)77050-2

35. Tait JF, Gibson D (1992) Phospholipid binding of annexin V:

effects of calcium and membrane phosphatidylserine content.

Arch Biochem Biophys 298:187–191. doi:10.1016/0003-
9861(92)90111-9

36. R Core Team (2016). R: a language and environment for statis-

tical computing. R Foundation for Statistical Computing, Vienna,

Austria. https://www.R-project.org/

37. Mair P, Schoenbrodt F, Wilcox R (2015) WRS2: Wilcox robust

estimation and testing

38. Hennig C (2015) fpc: flexible procedures for clustering. R

package version 2.1-10. https://CRAN.R-project.org/package=fpc

39. Deoghare S, Kantharia N (2013) Effect of atenolol and enalapril

treatment on oxidative stress parameters in patients with essential

hypertension. Int J Basic Clin Pharmacol 2(3):252–256. doi:10.

5455/2319-2003.ijbcp20130604

40. Donmez G, Derici U, Erbas D, Arinsoy T, Onk A, Sindel S,

Hasanoglu E (2002) The effects of losartan and enalapril thera-

pies on the levels of nitric oxide, malondialdehyde, and glu-

tathione in patients with essential hypertension. Jpn J Physiol

52:435–440. doi:10.2170/jjphysiol.52.435

41. Chandran G, Sirajudeen K, Yussof N, Swany M, Samarendra M

(2014) Effect of the antihypertensive drug enalapril on oxidative

stress markers and antioxidant enzymes in kidney of sponta-

neously hypertensive rat. Oxid Med Cell Longev. doi:10.1155/

2014/608512
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