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Purpose. ,e role of oxidative stress in Aluminum (Al)-induced apoptotic effects has been investigated and suicidal death of
erythrocytes, eryptosis, is characterized by cell shrinkage and phosphatidylserine externalization (PSE) at the surface of the
erythrocyte cell membrane. Eryptosis is stimulated by an increase in cytosolic Ca2+ concentration and reactive oxygen species
(ROS). ,is ex vivo study was conducted to evaluate the effect of well-known antioxidants including vitamin C (vit C) and
N-acetylcysteine (NAC), against Al-induced hemolysis and eryptosis.Methods. Isolated erythrocytes from the healthy volunteers
were partitioned into various groups (6 replicates/group) and treated by various concentrations of Al (3–100 µM) in the presence
and absence of vit C (0.6mM) and NAC (1mM). After 24 hours of treatment, hemolysis was determined from hemoglobin levels
in the supernatant. Flowcytometric methods were applied tomeasure PSE, cell shrinkage, Ca2+ content, and ROS abundance using
annexin V-binding, forward scatter, Fluo3-fluorescence, and DCFDA dependent fluorescence, respectively. Reduced glutathione
(GSH) was measured by the ELISA method. Results. ,e results showed that a 24 hours’ exposure of the erythrocytes to Al
(10–100 µM) significantly increased hemolysis in a dose and Ca2+dependent manner. Al also dramatically decreased forward
scatter.,e percentage of PSE cells, Fluo3-fluorescence, andDCFDA fluorescence were increased by Al. Furthermore, cotreatment
with NAC inhibited the effect of Al on hemolysis, eryptosis, and ROS production. Vit C decreased Al-induced ROS production.
However, increased Al-induced eryptosis. ,ere were no significant changes in glutathione after the ALCL3 treatment. Con-
clusions. Al-induced eryptosis and hemolysis through triggering oxidative stress, while NAC could diverse this effect. In contrast,
vit C might intensify Al-induced eryptosis at particular doses through a less known mechanism.

1. Introduction

Due to high abundance in the Earth’s crust and widespread
use in daily life, the exposure of humans with Aluminum
(Al) through occupational exposure, foods, drinking water,
drugs, and cosmetic products has been increased [1]. Human
and animal studies have depicted that Al led to pathological
alteration in the structure and function of the various tissues.
In the brain, the adverse influences of Al on the synthesis of
neurotransmitters and synaptic transmission, posttransla-
tional modification, degradation of proteins, and expression
of genes have been demonstrated [2, 3]. Al could also inhibit

the mitochondrial electron transport chain and energy
production in the liver. Furthermore, Al administration
caused a significant decrease in the activity of antioxidant
enzymes and the induction of oxidative stress in the he-
patocytes [4]. Disturbances in the metabolism of phosphate
and calcium in the bone and induction of osteomalacia [5],
degeneration of the renal tubular cells [6, 7], and adverse
effects on reproductive tissues were other reported toxic
effects of Al [8]. Al has also revealed toxicity for the he-
matological system [9]. Inhibition of hemoglobin biosyn-
thesis [10], alteration in membrane integrity, and
stimulation of eryptosis [11, 12] were among possible
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mechanisms that may have a role in the Al-induced anemia.
Eryptosis is defined as suicidal cell death of the erythrocytes
and has similar hallmarks to apoptosis in nucleated cells. In
this phenomenon, activation of membrane Ca2+ channels
and increase in cytoplasmic Ca2+ led to several modifications
including cell shrinkage and translocation of phosphati-
dylserine (PS) from intracellular to extracellular leaflet of the
cell membrane. Despite the cytoplasmic Ca2+ activity,
eryptosis could be stimulated as a result of increase in
ceramide, oxidative stress, energy depletion, and activated
caspases as well. Externalization of PS mediated phagocy-
tosis of erythrocyte by the macrophages and their clearance
from the blood circulation can lead to anemia [13, 14]. ,e
role of enhanced eryptosis in the pathogenesis of anemia
associated disorders including sickle cell disease, thalasse-
mia, and glucose-phosphate dehydrogenase deficiency have
been demonstrated as well [15]. Lead [16], mercury [17], and
gold [18] are among metal ions that can induce eryptosis.
Although several mechanisms may underlie the initiation of
eryptosis, an increase in oxidative stress is among the most
cited mechanisms. One of the pieces of evidence in this issue
is the protective impacts of several synthetic and natural
antioxidants on this phenomenon [19]. Vitamin C (vit C) is
an antioxidant vitamin that is generally used for amelio-
rating the adverse effects of toxins [20], cancer [21], and
other conditions associated with enhanced-oxidative stress.
It has been revealed that vit C can ameliorate the toxic effects
of Al [22–24]. To the best of our knowledge, the effect of vit C
supplementation against Al-induced hemolysis and eryp-
tosis has not been studied. ,erefore, the present study was
designed to explore the possibility of Al-induced eryptosis,
which might be ameliorated by vit C or N-acetylcysteine
(NAC). To this end, the probable protective effect of vit C
and NAC on ALCL3 induced hemolysis and eryptosis-re-
lated characteristics including PS exposure and oxidative
stress was determined on the erythrocytes.

2. Materials and Methods

2.1. Chemicals. Ringer solution (pH 7.4) was prepared from
NaCl (125mM), KCl (5mM), MgSO4 (1mM), CaCl2
(1mM), glucose (5mM). In Ca2+-free Ringer, CaCl2 (1mM)
was substituted by a similar amount of EGTA (1mM). AlCl3
and other chemical reagents were purchased from Sigma,
USA.

2.2. Assay of Hemolysis. ,e ex vivo hemolysis assay was
conducted on the erythrocytes obtained from healthy vol-
unteers (6 replicates/group) whom informed consent. ,e
study has been approved by the ethics committee of Fasa
University of Medical Sciences. In brief, erythrocytes (0.4%
hematocrit) were incubated at 37°C for 24 hours in the
absence (control group) or presence of AlCl3 (3–100 µM).
,e samples were centrifuged (3min at 400×g, RT) and the
supernatants were harvested. ,ereafter, the absorbance of
hemoglobin (Hb) in the supernatants was determined at
405 nm. 100% hemolysate in hemolysis tests was prepared by
mixing the erythrocyte solution with distilled water. As a

measure of hemolysis, the percent of hemolysis in each tube
is calculated by dividing the absorbance of the test tube by
the absorbance of 100% hemolysis [25].

2.3. Flowcytomteric Assay for Annexin V-PE Binding and
Forward Scatter. Flowcytometry was used to quantify the
percent of Annexin V-PE positive erythrocyte and also to
measure forward scatter [25]. In brief, after 24 hours of
incubation, cells were washed in Ringer solution. Erythro-
cytes were then stained with Annexin V-PE (EXBIO Praha,
Czech Republic) at 1 : 500 dilutions. After 15min of incu-
bation in the dark, samples were quantified using flow-
cytometric analysis (FACS Calibur from Becton Dickinson;
Heidelberg, Germany). Cells were analyzed by forward
scatter and annexin-V-fluorescence intensity was measured
in fluorescence channel FL-2 with an excitation wavelength
of 488 nm and an emission wavelength of 580 nm.

2.4. Measurement of Intracellular Ca2+. Intracellular Ca2+
was measured using Fluo3/AM flowcytometry [25]. In brief,
erythrocytes were washed in Ringer solution and then
loaded with Fluo3/AM (Calbiochem; Bad Soden, Germany)
in Ringer solution containing 5mM CaCl2 and 2 µM Fluo3/
AM.,e cells were incubated at 37°C for 20min and washed
twice in Ringer solution containing 5mM CaCl2. After that,
the Fluo3/AM loaded erythrocytes, which were resuspended
in 200 µl, Ringer. Ionomycin (1.0 µM for 30min) was used as
a positive control, though. Moreover, Ca2+-dependent
fluorescence intensity was determined in fluorescence
channel FL-1.

2.5. Reactive Oxygen Species (ROS) Assay. 2′, 7′-dichlor-
odihydrofluorescein diacetate (DCFDA, Sigma) was used in
order to determine the role of oxidative stress in Al-induced
eryptosis fluorescent ROS assay [25]. In this assay, DCFDA
was oxidized in the presence of ROS and becomes green
fluorescent. In brief, erythrocytes were incubated with AlCl3
(100 µM) in the presence and absence of vit C (0.6mM) or
NAC (1mM). After the treatment, 150 μl suspension of
erythrocytes was washed in Ringer solution and stained with
DCFDA (10 μM in Ringer solution) at 37°C for 30min in the
dark. After washing with the Ringer solution, the DCFDA-
stained erythrocytes were resuspended in 200 μl Ringer
solution and DCFDA fluorescence intensity was measured
in the FL-1 channel at an excitation wavelength of 488 nm
and an emission wavelength of 530 nm on a FACS Calibur
(BD). ,e geomean of the DCFDA dependent fluorescence
was then determined as well.

2.6. Determination of Reduced Glutathione (GSH). ,e level
of erythrocytes glutathione (GSSG and GSH) was evaluated
using Glutathione Assay Kit (Cayman Chemicals, IBL
Hamburg, Hamburg, Germany) according to the manu-
facturer’s protocol. In brief, erythrocytes were washed twice
in PBS, incubating for 24 h at 37°C in Ringer solution in the
absence or presence of different concentrations of Al3+
(3–100 μM). Following that, the erythrocytes were then
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washed in PBS.,en, 50 μl of the erythrocyte pellet was lysed
in 200 μl distilled water, centrifuged at 14,000× g, and 150 μl
of the supernatant was deproteinated by adding 150 μl
metaphosphoric acid (10%). GSSG and GSH were then
measured with the Glutathione Assay Kit (measured via
ELISA reader within the wavelength of 405–414 nm).

2.7. Statistical Analyses. SPSS statistical software (SPSS,
Chicago, IL, USA, version 21) was applied to analyze the
data. Normal distribution of data was checked using the
Shapiro–Wilk test (P< 0.05). Nonparametric Krus-
kal–Wallis test was used for the comparison of data between
control and experimental groups. ,e data are represented
as mean± standard deviation (SD) of at least three inde-
pendent experiments. P< 0.05 was considered to be statis-
tically significant.

3. Results

3.1.9eEffect of Al onErythrocytesHemolysis. To explore the
effect of Al on hemolysis, erythrocytes were treated with
AlCl3 (3–100 µM) for 24 hours and the percentage of he-
molysis was determined from the absorbance of hemoglobin
in the supernatant. As illustrated in Figure 1, the treatment
of erythrocytes with various concentrations, from 10 to
100 µM, of AlCl3 increased the level of hemolysis in a dose-
dependent manner compared to that of the control group,
while 3 µM concentration of AlCl3 had no significant effects
on hemolysis compared to control group.

To explore whether the entry of extracellular Ca2+ to
the erythrocytes was a prerequisite for Al-induced he-
molysis or not, erythrocytes were incubated for 24 hours
with various concentrations of AlCl3 in the presence of
1mM of EGTA, as a calcium chelating compound. As can
be seen in Figure 1, EGTA significantly decreased the effect
of AlCl3 on hemolysis to that of control cells. ,us, Al may
induce hemolysis by the stimulation of extracellular
Ca2+entry. Further experiments were performed to ex-
amine the possible impacts of antioxidants including vit C
and NAC, on Al-induced hemolysis. To this end, eryth-
rocytes were treated with AlCl3 in the absence and pres-
ence of vit C (0.6mM) or NAC (1mM). As demonstrated
in Figure 2, NAC treatment decreased the level of Al-
induced hemolysis significantly (Figure 2), suggesting the
possible role of oxidative stress in Al-induced hemolysis.
Although, cotreatment with vit C partially decreased the
percent of hemolysis in Al-treated cells; no significant
effects were observed compared to that of the cells treated
with AlCl3 alone. vit C at the higher concentrations
(>1mM) significantly increased the level of hemolysis
compared to the control group.

3.2. 9e Effect of Vit C and NAC on Al-Induced Eryptosis.
Eryptosis is characterized by three main hallmarks in-
cluding membrane blebbing, cell shrinkage, and PS ex-
ternalization. As can be seen in Figure 3(b), a 24 hours’
exposure to AlCl3 induced membrane blebbing in the
erythrocytes. Furthermore, AlCl3 (30 and 100 µM)

increased the percentage of annexin V positive cells
compared to the control group (Figures 3(c) and 3(d)),
suggesting PS externalization by AlCl3. AlCl3 also sig-
nificantly decreased the forward scatter compared to that
of the control group (P< 0.001). All these pieces of evi-
dence strongly suggest that AlCl3 induced eryptosis in the
erythrocytes. NAC cotreatment (1 mM) blunted the effect
of Al (100 µM) on PS externalization (Figure 4(b)). Un-
expectedly, treatment with vit C alone significantly in-
creased PSE compared to the control group.
Furthermore, cotreatment of vit C with Al significantly
augmented the effects of Al on the induction of PS
externalization.

3.3. 9e Effect of Al on Intracellular Co-Ca2+ Concentration
Using the Fluo3-Fluorescence Method. An increase in in-
tracellular Ca2+ concentration could trigger eryptosis. In
this study, the Fluo3 flow cytometry method was used in
order to test whether Al could alter the intracellular
concentration of Ca2+. As can be seen in Figure 5, ion-
omycin (1 µM), as a positive control, increased the percent
of Fluo3-fluorescence cells. Furthermore, incubation of
erythrocytes for 24 hours with AlCl3 at 30 and 100 µM
concentrations increased the percent of Fluo3 florescence
cells significantly compared to the control group. How-
ever, AlCl3 at the concentration of 3 and 10 µM had no
significant effects on intracellular Ca2+.
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Figure 1: Effect of AlCl3 on hemolysis in the absence and presence
of EGTA. AlCl3 increased hemolysis in a dose-dependent manner.
EGTA (1mM) decreased the effect of Al on erythrocyte hemolysis.
Data are mean± SD of at least five independent experiments.
Nonparametric Kruskal–Wallis test was used for the statistical
analyses. P< 0.05 was considered as significant statistical differ-
ences between the group. P values compared to the control un-
treated control group:∗P � 0.028, ∗∗P � 0.002, ∗∗∗P � 0.0001, and P

values compared to corresponding AlCl3-treated groups:
##P � 0.027, ###P � 0.045.
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3.4. 9e Effect of Al on Reactive Oxygen Species Production
Using DCFDA Fluorescence Method. Reactive oxygen spe-
cies (ROS) can cause eryptosis. ,erefore, the effects of Al
on ROS production and possible ameliorating effects of vit
C and NAC on this phenomenon were estimated by
DCFDA flowcytometry. As illustrated in Figure 6, a
24 hours’ exposure to 100 µM concentration of AlCl3
significantly increased the DCFDA fluorescence of
erythrocytes. Moreover, treatment of erythrocytes with
AlCl3 (100 µM) in the presence of vit C (0.6 mM) and NAC
(1mM) significantly decreased DCFDA flowcytometry,
suggesting a possible role of oxidative stress in the Al-
induced eryptosis.

3.5. 9e Effect of Al on Glutathione Level in the Erythrocytes.
As depicted in Figure 7, a 24 hours’ exposure to 100 µM
concentration of AlCl3 had no significant effects on total
glutathione, GSH, GSSG, and GSSG/GSH ratio compared to
the control group.

4. Discussion

,e morphological and biochemical alteration occurred
following the 24 h exposure of erythrocytes with Al in-
cluding membrane blebbing, cell shrinkage, increase in the
PS externalization, increase in intracellular Ca2+ level, and
elevation of ROS levels, in order to provide clear evidence
that Al can trigger eryptosis of erythrocytes in a dose-de-
pendent manner. In addition, we have found that NAC
attenuated Al-induced accumulation of ROS and inhibited
the Al-induced eryptosis and hemolysis. Although vit C has
decreased Al-induced accumulation of ROS, it would sur-
prisingly have failed to reduce Al-induced hemolysis and
also increased Al-induced eryptosis of the erythrocytes.

,e critical role of oxidative stress in the induction of
eryptosis has been demonstrated in numerous studies [15].
However, contradicting results have been reported about the
effects of Al on the oxidative stress status of erythrocytes.
While Niemoeller et al. [11] has demonstrated that oxidative
stress did not involve Al-induced eryptosis, Vota et al. [12]
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Figure 2: Effect of vitamin C (+vit C) and n-acetyl cysteine (+NAC) on Al-induced hemolysis. AlCl3 increase hemolysis in a dose-dependent
manner. NAC (1mM) decreased Al-induced hemolysis while vit C (0.6mM) had no significant effects on Al-induced hemolysis. Data are
mean± SD of at least five independent experiments. Nonparametric Kruskal–Wallis was used for the statistical analyses. P< 0.05 was
considered as significant statistical differences between the group. P values compared to the untreated control group (∗P � 0.028,
∗∗P � 0.002, ∗∗∗P � 0.0001), significant differences compared to corresponding AlCl3-treated groups ((#P � 0.031, ##P � 0.035,
###P � 0.038).
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have represented the chronic exposure of erythrocytes with
AlCl3 which increased the ROS production and decreased
the GSH content of the erythrocytes, suggesting the role of
oxidative stress in Al-induced effects. In the present in-
vestigation, we observed no changes in GSH level and GSH/
GSSG following exposure of erythrocyte for 24 hours with
Al, while flowcytometric analyses, using DCFDA fluores-
cence, showed that the ROS content could increase the
following Al exposure. Meanwhile, the findings showed that
NAC could inhibit the effects of Al on ROS accumulation,
eryptosis, and hemolysis, suggesting that oxidative stress

may be a downstream mechanism in the Al-induced he-
molysis and eryptosis. Plasma membranes of erythrocytes
have a high content of polyunsaturated fatty acid [26]; hence,
they are highly sensitive to oxidative stress and lipid per-
oxidation which disrupts the membrane integrity of
erythrocytes and results in hemolysis [27]. ,e inhibition of
Al-induced hemolysis by NAC suggested that observed Al-
induced hemolysis may be attributed to excessive ROS
production and oxidative stress.

It is well-known that vit C keeps cell components
including cell membranes against ROS either directly or
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Figure 3: AlCl3 induced membrane blebbing, PS externalization, and cell shrinkage in the erythrocytes. Micrographs showed normal shape
erythrocytes in the control group (a) and membrane blebbing following treatment of erythrocytes with Ringer solution containing AlCl3
(30 µM) (b). Incubation with AlCl3 (30 and 100 μM) increased annexin V positive cells (c) and (d). Forward scatter in the erythrocytes ((e)
and (f)) following exposure for 24 hours to Ringer solution (control; grey area), AlCl3 (100 μM; black line).
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indirectly via the regeneration of oxidized vitamin
E. However, contradicting results have been reported for
the effects of vit C on erythrocytes eryptosis and hemolysis.
In a recent study, Shan et al. showed that vit C attenuated
H2O2-induced eryptosis in the erythrocytes of human
glucose 6-phosphate deficient patients through inhibiting

ROS accumulation [28], whereas other studies demon-
strated the hemolytic effects of vit C [29]. In agreement
with the well-known antioxidant effects of vit C, the data
from the current study revealed that vit C decreased ROS
production induced by Al. However, vit C induced PS
externalization by itself and caused a drastic increment in
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Figure 5: ,e effects of various concentrations of AlCl3 on intracellular Ca2+ levels in the erythrocytes. (a) Histogram of Fluo3-fluorescence
of the erythrocytes following exposure for 24 hours to Ringer solution without (control; grey area) and with the presence of 30 μM (black
line) and 100 μM of AlCl3 μM (dotted line) and 1 µM of ionomycin (positive control; dashed line). (b) Arithmetic means± SD of the
percentage of erythrocyte with enhanced Fluo3-fluorescence following treatment with various concentrations of AlCl3 and ionomycin
(1 µM), in Ringer solution for 24 hours. ∗, ∗∗, and ∗∗∗P< 0.001 significant difference compared to control groups.
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Figure 4: ,e effect of vit C and NAC on Al-induced PS externalization using Annexin V-PE flowcytometric methods. (a) Histogram of PS
externalization of erythrocytes following exposure for 24 hours to Ringer solution (control; grey area), AlCl3 (100 μM; black line), AlCl3
(100 μM) and vit C (0.6mM; dashed line), AlCl3 (100 μM), and NAC (1.0mM; dotted line). (b) Arithmetic means± SD of the percentage of
erythrocyte with enhanced PS externalization following treatment with AlCl3 in the presence and absences of vit C (0.6mM) and NAC
(1mM) in Ringer solution for 24 hours. ∗ and ∗∗P< 0.05 significant difference compared to the AlCl3-treated group.
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Al-induced eryptosis. ,e exact mechanism by which vit C
induced PS externalization has not been clear yet. One
possible explanation may be autooxidation of vit C in the
presence of Al3+ which was associated with the production
of cytotoxic substances [21]. Moreover, vit C can readily be
oxidized to dehydroascorbate (DHA), which is readily
transported into erythrocytes by glucose transporter1
(Glut1), abundant in the membrane of erythrocytes. In-
tracellular DHA is rapidly converted to vit C by GSH
dependent reaction. ,e depletion of GSH eventually

induces oxidative stress in the erythrocytes [21]. Further
investigations will be needed to understand the interaction
between Al3+ and vit C.

In addition to ROS production and induction of oxi-
dative stress, it has been demonstrated that disturbance in
Ca2+ hemostasis (involved in Al-mediated toxicity) and
calcium channel blocker was useful for the amelioration of
Al’s toxic effects [30]. ,e findings of the current studies
clearly demonstrated that Al increased the accumulation of
Ca2+ in the erythrocytes while calcium ion chelating agent
and EGTA (1mM) have attenuated the Al-induced hemo-
lysis. ,us the observed effects of Al may be secondary to
Ca2+ entry from the extracellular space to erythrocytes,
which is known to trigger eryptosis.

5. Conclusion

In conclusion, the investigation revealed that Al-induced
eryptosis and hemolysis of erythrocytes, increased in ROS
production, and Ca2+ entry to erythrocytes which were
underlying mechanisms in Al-induced effects. NAC ame-
liorated Al-induced hemolysis and eryptosis through its
antioxidant effects. On the other hand, vit C did not have
similar protective effects on eryptosis. At the same time, it
has increased eryptosis at particular doses and suggested that
ex vivo vit C was not a suitable compound against Al-in-
duced hemolytic and eryptotic effect. On the contrary, NAC
would be a better choice to exert a protective effect on
cellular eryptosis.

Data Availability

,e data used to support the findings of this study are
available from the corresponding author upon request.
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F. Lang, “Ca2+ entry, oxidative stress, ceramide and suicidal
erythrocyte death following diosgenin treatment,” Cellular
Physiology and Biochemistry, vol. 39, no. 4, pp. 1626–1637,
2016.

[15] E. Lang and F. L. Triggers, “Inhibitors, mechanisms, and
significance of eryptosis: the suicidal erythrocyte death,”
BioMedical Research Institute, vol. 2015, 2015.

[16] I. C. Aguilar-Dorado, G. Hernandez, M. A. Quintanar-
Escorza, M. Maldonado-Vega, M. Rosas-Flores, and
J. V. Calderon-Salinas, “Eryptosis in lead-exposed workers,”
Cellular Physiology and Biochemistry, vol. 281, pp. 195–202,
2014.

[17] A. Officioso, K. Alzoubi, F. Lang, and C. Manna, “Hydrox-
ytyrosol inhibits phosphatidylserine exposure and suicidal
death induced by mercury in human erythrocytes: possible
involvement of the glutathione pathway,” Food Chemical
Toxicology, vol. 89, pp. 47–53, 2016.

[18] M. Sopjani, M. Foller, and F. Lang, “Gold stimulates Ca2+

entry into and subsequent suicidal death of erythrocytes,”
Toxicology, vol. 244, pp. 271–279, 2008.

[19] A. Fazio, M. Briglia, C. Faggio, K. Alzoubi, and F. Lang,
“Oxaliplatin induced suicidal death of human erythrocytes,”
Cellular Physiology and Biochemistry, vol. 37, no. 6,
pp. 2393–2404, 2015.

[20] M. A. Takhshid, A. R. Tavasuli, Y. Heidary, M. Keshavarz, and
H. Kargar, “Protective effect of vitamins e and C on endo-
sulfan-induced reproductive toxicity in male rats,” Iran
Journal of Medical Science, vol. 37, pp. 173–180, 2012.

[21] J. Du, J. Cullen, and G. R. Buettner, “Ascorbic acid: chemistry,
biology and the treatment of cancer,” Cellular Physiology and
Biochemistry, vol. 1826, pp. 443–457, 2012.

[22] O. J. Olajide, E. O. Awson, I. T. Gbadamosi et al., “Ascorbic
acid ameliorates behavioural deficits and neuropathological
alterations in rat model of Alzheimer’s disease,” Environ-
mental Toxic Pharmacology, vol. 50, pp. 200–211, 2017.

[23] M. I. Yousef, “Aluminium-induced changes in hemato-bio-
chemical parameters, lipid peroxidation and enzyme activities
of male rabbits: protective role of ascorbic acid,” Toxicology,
vol. 199, pp. 47–57, 2004.

[24] F. Gultekin, N. Delibas, S. Yasar, and I. Kilinc, “In Vivo
changes in antioxidant systems and protective role of mela-
tonin and a combination of vitamin C and vitamin E on
oxidative damage in erythrocytes induced by chlorpyrifos-
ethyl in rats,” Toxicology, vol. 75, pp. 88–96, 2001.

[25] A. Al Mamun Bhuyan, S. Nussle, H. Cao, S. Zhang, and
F. Lang, “Simvastatin, a novel stimulator of eryptosis, the
suicidal erythrocyte death,” Cell Physiology Biochemistry,
vol. 43, pp. 492–506, 2017.

[26] P. Koehrer, S. Saab, O. Berdeaux et al., “Erythrocyte phos-
pholipid and polyunsaturated fatty acid composition in di-
abetic retinopathy,” PLoS ONE, vol. 9, 2014.

[27] K. B. Pandey and S. I. Rizvi, “Markers of oxidative stress in
erythrocytes and plasma during aging in humans,” PLoS ONE,
vol. 3, pp. 2–12, 2010.

[28] F. Shan, R. Yang, T. Ji, and F. Jiao, “Vitamin C inhibits ag-
gravated eryptosis by hydrogen peroxide in glucose-6-
phosphated dehydrogenase deficiency,” Cell Physiology Bio-
chemistry, vol. 39, pp. 1453–1462, 2016.

[29] Z. Zhang, E. Lee, J. Sudderth et al., “Glutathione depletion,
pentose phosphate pathway activation, and hemolysis in

8 Biochemistry Research International



erythrocytes protecting cancer cells from vitamin C-induced
oxidative stress,” Journal of Biology Chemistry, vol. 28,
pp. 22861–22867, 2016.

[30] J. Saberzadeh, M. Omrani, and M. A. Takhshid, “Protective
effects of nimodipine and lithium against aluminum-induced
cell death and oxidative stress in PC12 cells,” Iran Journal of
Basic Medical Science, vol. 19, pp. 1251–1257, 2016.

Biochemistry Research International 9


