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ABSTRACT

Background: MetHb and MDA are biomarkers for erythrocyte redox status and membrane lipid
peroxidation, respectively. This present study aims to investigate the levels of human erythrocyte
redox status and membrane lipid peroxidation indicators in the presence of ASA over time
using in vitro models. Materials and Methods: The %MetHb was evaluated by measuring the
absorbance of human erythrocyte suspension atA__ =630 nm and 540 nm. Human erythrocytes
were incubated in 0.125 mg/mL, 0.25 mg/mL and 0.5 mg/mL ASA over a 6 hr incubation period.
The human erythrocyte MDA concentration was measured using the TBARS assay. Results: The
%MetHb of human erythrocytes following 3 hr of incubation with 0.125 mg/mL ASA gave a peak
value of 2.70+1.36%, indicating a relative significant (p<0.05) increase of 45.16% compared with
the control samples. Furthermore, an increase in the incubation time resulted in a decrease in
erythrocyte %MetHb, although not to the levels observed at the beginning (t=0 hr) of incubation
with ASA. Conversely, MDA concentration of human erythrocytes was 4.45+0.89 uM after 3
hr of incubation with 0.125 mg/mL ASA, showing a significant (p<0.05) decrease of 27.88%.
Conclusion: The present study showed a negative correlation between %MetHb and MDA levels
in human erythrocytes incubated with ASA over time, suggesting that the erythrocytes redox
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status did not specifically induce membrane lipid peroxidation.
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INTRODUCTION

Erythrocytes are readily exposed to endogenous and exogenous
oxidants, which produce RONS.* RONS elicits a multistage
process of oxidative stress that can readily cause damage to the
erythrocyte membrane and cytoskeleton proteins,™* as well as
cause intracellular structural damage.® Examples of exogenous
sources of oxidation are leukocytes, vascular endothelium
and drugs.’ RONS can particularly oxidise membrane PUFAs,
leading to membrane lipid peroxidation as well as loss in the
structure-and-function interplay of critical biomolecules that
contribute to the functionality of the erythrocytes."**

Erythrocyte cytosolic proteins are 95-97% comprised of
haemoglobin.® MetHb is a reversible product of haemoglobin
oxidation via increased endogenous oxidant production.? This
autoxidation produces alow yield of weak superoxide and MetHb,’
which can propagate a chain reaction leading to membrane lipid
peroxidation.’ The oxidising reaction of haemoglobin is where
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the ferrous state iron (Fe**) prosthetic group is oxidised to the
ferric state (Fe**)-MetHb.® MetHb is incapable of binding to
oxygen, unlike the stable Fe** due to its high oxygen affinity.?
The functionality of oxygen transport relies on the reduced Fe?,
with a higher percentage content of MetHb being directionally
proportional to the reduction in oxygen transport in plasma.’

Erythrocytes main mechanisms are for the gaseous exchange
and transport of oxygen, carbon dioxide and amino acids;"
the lack of organelles increases the efficiency of transport.?
Increased ROS generation can cause structural changes to the
erythrocyte membrane, leading to the dysfunction of oxygen
transport.'" Furthermore, this oxidative damage to the membrane
can propagate dysfunction in oxygen transport and decrease
deformability, which is essential for gaseous transport.' According
to Becatti et al.,”* the status of erythrocyte deformability is directly
proportional to erythrocyte membrane lipid peroxidation.

The ASA is a common therapeutic NSAID." ASA exerts its
therapeutic effects by inhibiting COX-1 and COX-2 activity,
thereby suppressing prostaglandin and thromboxane; this
mechanism accounts for its anti-inflammatory and antiplatelet
properties.’® Previous studies have stated that ASA increases ROS
production in different cell types,'**® which contributes to the
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induction of oxidative stress and lipid peroxidation. However,
there is not much evidence denoting this in erythrocytes.

MetHb and MDA are important biomarkers that indicate
the redox status of erythrocytes and the extent of membrane
lipid peroxidation, respectively."'*?' The present study aims to
explore the impact of ASA on the redox status and the levels of
membrane lipid peroxidation within human erythrocytes in an
in vitro setting. This study will give insights into the capacity of
measured concentrations of ASA to influence oxidative stress and
membrane integrity of the human erythrocytes over time.

MATERIALS AND METHODS

Collection and preparation of blood samples

Venous blood samples were collected from consenting participants
between 15" January and 9* February 2024 using 10 mL tubes
with EDTA-Na, anticoagulant using the venipuncture procedure.
The erythrocytes were washed according to the methods of
Chikezie,”* with slight modifications. A volume of 5 mL of the
collected blood was suspended in 5 mL of PBS (pH 7.0) and
centrifuged at 3000xg for 5 min. The washing of the erythrocytes
was repeated thrice and the supernatant was discarded each time.
Finally, the erythrocyte suspension was adjusted to a haematocrit
of 10% and was stored at 4°C.

Exclusion criteria

Participants excluded include individuals who smoke and/
or are on routine medications, suffering from blood disorders,
e.g., sickle cell anaemia, undergone blood transfusions and on
medications 4 weeks before blood sampling.

Ethics

The collection of blood samples from participants adhered to
the ethical principles outlined in the October 2008 Declaration
of Helsinki. The present study was approved by the Coventry
University Ethics Committee (CU Ethics). Ethics Approval
Number: P163330. Written consent was obtained whereby all the
participants filled out and signed an Informed Consent Form.

Experimental design

The experimental design was according to the methods reported
by Chikezie.”* A 0.8 mL ASA of increasing concentrations in the
order of 0.125 mg/mL, 0.25 mg/mL and 0.5 mg/mL was added
to corresponding test tubes containing 2.2 mL of erythrocyte
suspension (10% haematocrit). The incubation mixture was
allowed to stand at a regulated temperature of 37°C in a water
bath. The incubated erythrocytes devoid of ASA represented
the control sample. At regular time intervals of 3 hr for 6 hr,
appropriate aliquots of the incubation mixtures were drawn and
used for the determination of erythrocyte parameters, namely,
MDA and MetHb levels. To eliminate variations in erythrocyte
parameters among blood donors, which may arise because of
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vagaries of their physiologic status, the erythrocytes were sourced
from the same blood sample and analyses were carried out in
triplicate.

Erythrocyte methaemoglobin

The %MetHb was measured according to the methods of Tietz,?
as previously reported.”* In a test tube containing 5.0 mL
of distilled water, 0.05 mL of erythrocytes suspended in PBS
osmotically equivalent to 0.9 g/100 mL (pH 7.4) was added. The
suspension was allowed to stand for 60 min at room temperature
(24-27°C) and the absorbance was measured at two different
A,,.=540 nm and 630 nm using a spectrophotometer (Digital
Blood Analyser®; SPECTRONIC 20, Labtech). Erythrocyte
%MetHDb of total haemoglobin concentration was evaluated using
Equation 1 as previously described.***

A6302

%MetHb = A6302+A5402

X100 ............ Equation 1

Erythrocyte malondialdehyde

Measurement of erythrocyte MDA concentration was according
to the methods previously described by Tjahjani et al.,*® with
minor modifications.”? A 2:1 ratio mixture of 20% TCA and
0.67% TBA (3.0 mL) was introduced into a test tube. A volume of
0.2 mL of erythrocyte hemolysate was added to the mixture and
boiled for 10 min in a water bath. The mixture was centrifuged
for 10 min at 3,000xg after cooling to 24°C. A spectrophotometer
(Digital Blood Analyser®; SPECTRONIC 20, Labtech) was used
to measure the absorbance of the supernatant at maximum
wavelength (A )=532 nm. Using the MDA standards, the
absorbance of the samples was converted to MDA concentrations
in uM.

Statistical analysis

The data collected were expressed in mean+SD and analysed in
one-way ANOVA and Least Significant Difference (LSD). The
comparison was made between groups and significance was
established by ANOVA at a 95% confidence level. A difference
of p<0.05 was considered statistically significant. The correlation
coeflicient (R?) was evaluated using Excel Software (Microsoft,
2010 version).

RESULTS

As shown in Figure 1, erythrocyte %MetHDb of the control sample
increased by 1.06 folds between 0 and 3 hr of incubation, whereas
at 6 hr of incubation, the erythrocyte %MetHb decreased by 0.90
folds at 6™ hr. The overall alterations in erythrocyte %MetHb at 3
and 6 hr showed no significant difference (p>0.05) compared to
the value at 0 hr.

The erythrocyte %MetHb following 3 hr of incubation with
0.125 mg/mL ASA gave a peak value of 2.70+1.36%, indicating
a significant (p<0.05) increase of 45.16% compared with the
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control samples. Similarly, 0.25 mg/mL ASA caused an increase
in erythrocyte %MetHb by 26.88% (p<0.05) compared with the
control sample at 3 hr of incubation. However, 0.5 mg/mL did
not significantly (p>0.05) alter erythrocyte %MetHb at 3 hr of
incubation. Overall, the levels of erythrocyte %MetHb in the
presence of ASA were significantly (p<0.05) higher compared
to those at the commencement of the incubation time (¢=0 hr)
(Figure 1).

Figure 2A showed that there was a significant difference (p<0.05)
between the erythrocyte %MetHDb in the presence of 0.125 mg/
mL ASA at 3 and 6 hr intervals, which corresponded to a relative
decrease of 21.48%. Figure 2B showed that 0.25 mg/mL ASA
did cause a non-significant difference (p>0.05) in erythrocyte
%MetHb (0.92-fold). Likewise, incubation of the erythrocytes
with 0.5 mg/mL ASA showed a non-significant difference
(p>0.05) between erythrocyte %MetHb at time intervals of 3 and
6 hr (1.04-fold) (Figure 2C).

Figure 3 showed that the erythrocyte MDA concentration of
the control sample decreased from 7.59+0.98 uM to 6.17£1.50
uM, representing an 18.71% reduction (p>0.05). Conversely,
erythrocytes incubated with separate 0.125, 0.25 and 0.5 mg/mL
ASA for 3 hr exhibited significant (p<0.05) decreases in MDA
concentration, representing 27.88, 30.15 and 30.60%, respectively
(Figure 3).

Although the erythrocyte MDA concentrations changed
following the incubation with 0.125, 0.25 mg/mL and 0.05 mg/
mL ASA, the erythrocyte MDA concentrations showed no
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significant difference (p>0.05) at time intervals of 3 hr for 6 hr
(Figure 4 A-C).

The calculated correlation coefficient (R?) between erythrocytes
MDA concentration and %MetHb following the incubation
with varying concentrations of ASA showed a strong negative
correlation. Specifically, the correlation coeflicient between
erythrocyte %MetHb and MDA concentrations was -0.99 in the
presence of 0.5 mg/mL ASA. Furthermore, an R’=-0.81 was in the
presence of 0.125 mg/mL ASA, whereas 0.25 mg/mL ASA gave an
R? value of -0.95.

DISCUSSION

The redox status and structural integrity of the erythrocytes can
be ascertained using cellular parameters such as MetHb and MDA
levels, as well as other redox biomarkers.'"””?® Previous reports
have identified a wide range of xenobiotics and biological agents
capable of altering the redox status of erythrocytes.”** By altering
the redox status of the erythrocytes, these agents can disrupt the
functional and structural relationship of haemoglobin molecules,
ultimately affecting the overall functionality of erythrocytes
under oxidative stress.*®

The present findings appear to indicate that ASA impacted
the redox status of human erythrocytes, as exemplified by the
changes in the levels of erythrocyte %MetHDb in the presence of
ASA over time of incubation of the human erythrocytes. This
alteration is influenced by both the concentration of ASA and the
duration of incubation of the erythrocytes. Specifically, higher

%MetHb

0.5

= 5 B

Incubation Duration (hrs)

—e— Control 0.125 mg/mL

—e—0.25 mg/mL —e—0.5 mg/mL

Figure 1: Human erythrocyte %MetHb in the presence of varying concentrations of ASA at time intervals of 3 hr for 6 hr. (The mean (X)£S.D of
six (n=6) determinations.

*The mean erythrocyte %MetHb of erythrocytes incubated in 0.125 mg/mL ASA at t=3 hr showed significant difference (p<0.05) compared to
the control sample. ** The mean erythrocyte %MetHb of erythrocytes incubated in 0.125 mg/mL ASA at t=6 hr showed significant difference
(p<0.05) compared to the control sample. ***The mean erythrocyte %MetHb of erythrocytes incubated in 0.25 mg/mL ASA at t=3 hr showed
significant difference (p<0.05) compared to the control sample. ****The mean erythrocyte %MetHb of erythrocytes incubated in 0.25 mg/mL
ASA at t=6 hr showed significant difference (p<0.05) compared to the control sample. *****The mean erythrocyte %MetHb of erythrocytes
incubated in 0.5 mg/mL ASA at t=6 hr showed significant difference (p<0.05) compared to the control sample.)
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Figure 2: Human erythrocyte %MetHb in the presence of ASA at time intervals of 3 and 6 hr. (A: 0.125 mg/mL
ASA. B: 0.25 mg/mL ASA. C: 0.5 mg/mL ASA. ns: no significance difference (p<0.05).

*The mean erythrocyte %MetHb of erythrocytes incubated with 0.125 mg/mL showed a significant difference
(p<0.05).)
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Figure 3: Human erythrocyte MDA concentration in the presence of varying concentrations of ASA at time intervals of 3 hr for 6 hr. (The mean (X)£S.D of six
(n=6) determinations.

*The mean erythrocyte MDA concentration of erythrocytes incubated in 0.125 mg/mL ASA at t=3 hr showed significant difference (p<0.05) compared to the
control sample. ** The mean erythrocyte MDA concentration of erythrocytes incubated in 0.125 mg/mL ASA at t=6 hr showed significant difference (p<0.05)
compared to the control sample. ***The mean erythrocyte MDA concentration of erythrocytes incubated in 0.25 mg/mL ASA at t=3 hr showed significant
difference (p<0.05) compared to the control sample. ****The mean erythrocyte MDA concentration of erythrocytes incubated in 0.25 mg/mL ASA at t=6 hr
showed significant difference (p<0.05) compared to the control sample. ******The mean erythrocyte MDA concentration of erythrocytes incubated in 0.5 mg/
mL ASA at t=3 hr showed significant difference (p<0.05) compared to the control sample. ******The mean erythrocyte MDA concentration of erythrocytes
incubated in 0.5 mg/mL ASA at t=6 hr showed significant difference (p<0.05) compared to the control sample.)
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Figure 4: Human erythrocyte MDA concentration in the presence of ASA at time intervals of 3 and 6 hr. (A: 0.125 mg/
mL ASA. B: 0.25 mg/mL ASA. C: 0.5 mg/mL ASA. ns: no significance difference (p<0.05).)

concentrations of ASA appear to exhibit a tendency to produce
more pronounced changes in the redox status of the human
erythrocytes. In the same manner, the duration the erythrocytes
were exposed to ASA also played a crucial role in determining
the extent of alterations of these biochemical indicators of redox
status and ultimately oxidative stress. Therefore, the results of
the present study suggest a concentration- and time-dependent
relationship between ASA treatment and the levels of oxidative
stability indicators of the human erythrocytes. These findings
aligned with previous research outcomes, which demonstrated
that chemical agents could alter the redox status of human
erythrocytes and %MetHb was considered a reliable indicator.*”*

Previous studies have identified various mechanisms by which
chemical agents can elicit elevated levels of MetHb under
physiological and in vitro settings.’* Generally, MetHb production
can occur through 2 main processes: direct or indirect oxidation of
haemoglobin. In this context, the chemical agent involved is either
an oxidant or a pro-oxidant.*® Additionally, MetHb production
can occur when the pathways that reduces MetHb are disrupted,
which involves NADH-cytochrome b5 and NADPH-flavin
reductase system, largely so-called NADH-methaemoglobin
reductase activity as well as related redox enzymes and low
molecular weight antioxidants.’>** In a related in vitro study,
according to Raza et al.,'s incubating isolated HepG2 cells with
5 and 10 pmol/mL ASA for between 24 and 48 hr caused a

Free Radicals and Antioxidants, Vol 14, Issue 2, Jul-Dec, 2024

reduction in cellular levels of GSH with a concomitant increase
in ROS generation.

On the contrary, previous reports have shown that ASA did
not directly oxidise haemoglobin in vitro.”” However, ASA can
acetylate haemoglobin in vitro and in vivo, which is a different
chemical process from oxidation.” The oxidation of haemoglobin
in the presence of ASA only occurs when combined with an
oxidising agent like H,0O,.** In a similar manner, in vitro studies
showed that primaquine oxidised haemoglobin in the presence of
H,0,, O,+ and "OH and metal ions* and H,0, has been largely
implicated in MetHb generation.* Specifically, ASA on its own did
not significantly oxidise haemoglobin or GSH at a concentration
of 10 mM,* which is much higher than the concentrations of ASA
used in this study. By implication, the increased levels of MetHb
observed in a pattern that depended on the concentration of ASA
and the duration of exposure of human erythrocytes suggest that
ASA did not directly oxidise haemoglobin. Rather, ASA may
have disrupted the NADH-methaemoglobin reductase pathway
necessary to reduce MetHb, thereby elevating the %MetHb in the
present in vitro setting. From this standpoint Durak et al.*' had
previously reported that, in an in vivo setting, ASA impaired the
antioxidant system of human erythrocytes, leading to alterations
in their redox status.

Similarly, ASA, alongside the presence of H,O, provoked
membrane haemolysis through membrane lipid peroxidation
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under physiological conditions.* Therefore; ASA can only induce
haemolysis and oxidative changes in the presence of oxidative
stress. The present study outcomes do not suggest that the
erythrocytes incubated in the ASA were oxidatively stressed per
se. This is because ASA alone did not lead to significant direct
oxidation of haemoglobin since there was no H,O, production
in the presence of ASA in erythrocytes under in vitro settings as
previously reported.® They also noted that ASA alone did not
promote haemolysis in vitro, but the reverse was the case after
the exposure of erythrocytes to 25 mg/100 ASA and 1.2% H,0,.
In a related study, Kirkova et al.** had previously reported that
relatively high ASA concentrations (>5.0 mM) inhibited the
MDA formation, the membrane lipid peroxidation product,
whereas the inhibitory action was promoted at relatively low ASA
concentrations (<1.0 mM) activated by ASA-metal complexes
in rat liver homogenate. They further noted that the biphasic
dependence on the concentrations of ASA effects on MDA
formation was engendered by ASA-metal complexes rather than
ASA acting alone.

The result of the present study therefore implies that ASA alone
appears not to have promoted membrane lipid peroxidation that
could elicit haemolysis. Accordingly, the decreasing levels of MDA
in the presence of ASA in a concentration and the time-dependent
manner imply that ASA did not provoke membrane lipid
peroxidation in human erythrocytes under in vitro settings.
Consistent with the current findings, previous studies have shown
that ASA inhibited membrane lipid peroxidation, as measured by
TBA levels, in both in vitro and in vivo models.**** Additionally,
an overview of the current findings aligns with the reports of
McMillan et al.*® regarding drug-induced haemolytic anaemia.
Their study previously confirmed that specific haemolytic agents
elicited the generation of ROS within the erythrocytes but did not
produce any evidence of membrane lipid peroxidation.

CONCLUSION

In conclusion, the present study showed a negative correlation
between %MetHb and MDA levels in human erythrocytes
incubated with ASA over time, suggesting that the erythrocytes
redox status did not specifically induce membrane lipid
peroxidation. Further studies will investigate the specific
mechanisms underlying this relationship and its implications for
erythrocyte function and oxidative membrane damage in vivo.
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ABBREVIATIONS

%MetHb: Percentage Methaemoglobin Concentration; ASA:
Acetylsalicylic  Acid; COX: Cyclooxygenase; EDTA-Na:
Disodium ethylenediaminetetraacetic Acid; MDA:
Malondialdehyde; ~ MetHb: =~ Methaemoglobin; ~ NSAID:
Non-Steroidal ~ Anti-Inflammatory Drug; PBS: Phosphate
Buffered Saline; PUFAs: Polyunsaturated Fatty Acids; RONS:
Reactive Oxygen and Nitrogen Species; TBA: Thiobarbituric
Acid; TBARS: Thiobarbituric Acid Reactive Substances; TCA:
Trichloroacetic Acid.

REFERENCES

1. Maurya PK, Kumar P, Chandra P. Biomarkers of oxidative stress in erythrocytes as a
function of human age. World J Methodol. 2015;5(4):216-22.

2. OrricoF, Laurance S, Lopez AC, Lefevre SD, Thomson L, Moller et al., Oxidative stress in
healthy and pathological red blood cells. Biomol. 2023;13(8):1262.

3. Besedina NA, Skverchinskaya E, Shmakov SV, Ivanov AV, Mindukshev |, Bukatin A.
Persistent red blood cells retain their ability to move in microcapillaries under high
levels of oxidative stress. Commun Biol. 2022;5(1):659.

4. Gegotek A, Skrzydlewska E. Lipid peroxidation products’ role in autophagy
regulation. Free Radic Biol Med. 2024;212:375-83.

5. Liu R, Bian'Y, Liu L, Liu L, Liu X, Ma S. Molecular pathways associated with oxidative
stress and their potential applications in radiotherapy (review). Int J Mol Med.
2022;49(5).

6. Rifkind JM, Mohanty JG, Nagababu E. The pathophysiology of extracellular
haemoglobin associated with enhanced oxidative reactions. Front Physiol. 2015;5.

7. Cordiano R, Di Gioacchino M, Mangifesta R, Panzera C, Gangemi S, Minciullo PL.
Malondialdehyde as a potential oxidative stress marker for allergy-oriented diseases:
An update. Mol. 2023;28(16):5979.

8. SuH, Liu X, Du J, Deng X, Fan Y. The role of haemoglobin in nitric oxide transport in
vascular system. Med Novel Technol Devices. 2020;5:100034.

9. Dixit VA, Blumberger J, Vyas SK. Methaemoglobin formation in mutant haemoglobin
a chains: electron transfer parameters and rates. Biophys J. 2021;120(17):3807-19.

10. Gajecki D, Gawrys J, Szahidewicz-Krupska E, Doroszko A. Role of erythrocytes in
nitric oxide metabolism and paracrine regulation of endothelial function. Antioxid.
2022;11(5):943.

11. Moller MN, Orrico F, Villar SF, Lépez AC, Silva N, Donzé M, et al., Oxidants and
antioxidants in the redox biochemistry of human red blood cells. ACS Omega.
2022;8(1):147-68.

12. Bettiol A, Galora S, Argento FR, Fini E, Emmi G, Mattioli |, et al., Erythrocyte oxidative
stress and thrombosis. Expert Rev Mol Med. 2022;24:e25.

13. Becatti M, Marcucci R, Gori AM, Mannini L, Grifoni E, Liotta AA, et al., Erythrocyte
oxidative stress is associated with cell deformability in patients with retinal vein
occlusion. J Thromb Haemost. 2016;14(11):2287-97.

14. Zhu P, Li M, Yan C, Sun J, Peng M, Huang Z, et al., Aspirin causes lipid accumulation
and damage to cell membrane by regulating DCI1/OLE1 in Saccharomyces cerevisiae.
Microb Drug Resist. 2020;26(8):857-68.

15. Berk M, Dean O, Drexhage H, McNeil JJ, Moylan S, O'Neil A, et al., Aspirin: a review
of its neurobiological properties and therapeutic potential for mental illness. BMC
Med. 2013;11:74.

16. Raza H, John A, Benedict S. Acetylsalicylic acid-induced oxidative stress, cell cycle
arrest, apoptosis and mitochondrial dysfunction in human hepatoma HepG2 cells.
Eur J Pharmacol. 2011;668(1-2):15-24.

17. Ahmad MH, Fatima M, Hossain M, Mondal AC. Evaluation of naproxen-induced
oxidative stress, hepatotoxicity and in vivo genotoxicity in male Wistar rats. J Pharm
Anal. 2018;8(6):400-6.

18. Mahdi AJ, Cortese-Krott MM, Kelm M, Li N, Pernow J. Novel perspectives on redox
signaling in red blood cells and platelets in cardiovascular disease. Free Radic Biol
Med. 2021;168:95-109.

19. Pandey KB, Rizvi SI. Biomarkers of oxidative stress in red blood cells. Biomed Pap Med
Fac Univ Palacky Olomouc Czech Repub. 2011;155(2):131-6.

20. Gwozdzinski K, Pieniazek A, Gwozdzinski L. Reactive oxygen species and their
involvement in red blood cell damage in chronic kidney disease. Oxidative Med Cell
Longev. 2021:1-19.

21. Yoshida Y, Umeno A, Shichiri M. Lipid peroxidation biomarkers for evaluating
oxidative stress and assessing antioxidant capacity in vivo. J Clin Biochem Nutr.
2013;52(1):9-16.

22. Chikezie P. Membrane lipid peroxidation and redox status in erythrocytes of sickle
cell anaemia patients incubated in leaf extract of Gongronema latifolium. J Exp Integr
Med. 2016;6(2):57-67.

23. Tietz N. Fundamentals of Clinical Chemistry. W.B. Saunders Co., Philadelphia.1976.

Free Radicals and Antioxidants, Vol 14, Issue 2, Jul-Dec, 2024



Graham and Chikezie: Methaemoglobin and Malondialdehyde Levels of Human Erythrocytes

24,

25.

26.

27.

28.

29.

30.

31.
32.

33.

34,

Chikezie PC, Monago CC, Uwakwe AA. Studies of methaemoglobin concentrations of
three human erythrocyte genotypes (HbAA, HbAS and HbSS) in the presence of five
anti-malarial drugs. Iranian J Blood Cancer. 2009;1:151-7.

Atabo S, Bolanle J, Ogunbiyi O, Abubakar A. Bio-content of Telferia occidentalis and
their effect on methaemoglobin formation in sickled erythrocytes. Asian Pac J Trop
Med. 2014;8(44):1301-5.

Tjahjani S, Puji BSA, Syafruddin D, Agoes R, Hanggono T, Immaculata M. Oxidative
stress in Plasmodium falciparum culture incubated with artemisinin. Proc ASEAN
Congr Trop Med Parasitol. 2008;3:47-50.

Hare GMT, Tsui AKY, Crawford JH, Patel RP. Is methaemoglobin an inert bystander,
biomarker, or a mediator of oxidative stress—The example of anaemia? Redox Biol.
2013;1:65-9.

Mossa A-TH, Heikal TM, Mohafrash SMM. Lipid peroxidation and oxidative stress in
rat erythrocytes induced by aspirin and diazinon: the protective role of selenium.
Asian Pac J Trop Biomed. 2014;4:603-9.

Anstey NM, Hassanali MY, Mlalasi J, Manyenga D, Mwaikambo ED. Elevated levels
of methaemoglobin in Tanzanian children with severe and uncomplicated malaria.
Trans R Soc Trop Med Hyg.1996;90(2): 147-51.

AkompongT, Ghori N, Haldar K. In vitro activity of riboflavin against the human malaria
parasite Plasmodium falciparum. Antimicrob Agents Chemother. 2000;44(1):88-96.
Rehman HU. Methemoglobinemia. West J Med. 2001;175(3):193-6.
Chikezie PC, Ekechukwu CU. Acute patho-toxicological
methemoglobinemia. J Acute Dis. 2016;5(3):179-84.

Rifkind JM, Nagababu E. Haemoglobin redox reactions and red blood cell aging.
Antioxid Redox Signal. 2013;18(17):2274-83.

Coleman MD, Taylor CH. Bioactivation of benzocaine to a methaemoglobin-forming
metabolite by rat and human microsomes in vitro. Environ Toxicol Pharmacol.
1997;3(1):47-52.

indicators  of

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

Ludlow JT, Wilkerson RG, Nappe TM. Methemoglobinemia. In: StatPearls. Treasure
Island (FL): StatPearls Publishing. 2024.

Yubisui T, Takeshita M, Yoneyama Y. Reduction of methaemoglobin through flavin at
the physiological concentration by NADPH-flavin reductase of human erythrocytes.
J Biochem. 1980;87(6):1715-20.

Bridges KR, Schmidt GJ, Jensen M, Cerami A. Bunn HF. The acetylation of haemoglobin
by aspirin. In vitro and in vivo. J Clin Invest. 1975;56(1):201-7.

Stockman JA, Lubin B, Oski FA. Aspirin-induced hemolysis: The role of concomitant
oxidant (H202) challenge. Pediatr Res.1978;12(6): 927-31.

Summerfield M, Tudhope GR. Studies with primaquine in vitro: Superoxide radical
formation and oxidation of haemoglobin. Br J Clin Pharmacol. 1978: 6(4); 1-8.
Vallelian F, Pimenova T, Pereira CP, Abraham B, Mikolajczyk MG, Schoedon G.,
et al, The reaction of hydrogen peroxide with haemoglobin induces extensive
alpha-globin crosslinking and impairs the interaction of haemoglobin with
endogenous scavenger pathways. Free Radic Biol Med. 2008;45(8):1150-8.

Durak |, Karaayvaz M, Cimen MY, Avci A, Cimen OB, Blyukkocak S, et al., Aspirin
impairs antioxidant system and causes peroxidation in human erythrocytes and
guinea pig myocardial tissue. Human Exp Toxicol. 2001;20(1):34-7.

Kirkova M, Ivancheva E, Russanov E. In vitro effects of aspirin on malondialdehyde
formation and on activity of antioxidant and some metal-containing enzymes. Comp
Biochem Physiol Pharmacol Toxicol Endocrinol. 1994;108(2):145-52.

Stuart MJ, Urmson JR, Stockman JA, Oski FA. Aspirin induced inhibition of platelet
lipid peroxidation. Paediatr Res. 1974;8:445.

Wang Y, Walsh SW. Aspirin inhibits both lipid peroxides and thromboxane in
preeclamptic placentas. Free Radic Biol Med. 1995;18(3):585-91.

McMillan DC, Powell CL, Bowman ZS, Morrow JD, Jollow DJ. Lipids versus proteins
as major targets of pro-oxidant, direct-acting haemolytic agents. Toxicol Sci.
2005;88(1):274-83.

Cite this article: Graham ML, Chikezie PC. Methaemoglobin and Malondialdehyde Levels of Human Erythrocytes Incubated with

Acetylsalicylic Acid. Free Radicals and Antioxidants. 2024;14(2):119-25.

Free Radicals and Antioxidants, Vol 14, Issue 2, Jul-Dec, 2024

125



