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Abstract

Sodium sesquicarbonate also known as Sodium sesquicarbonate dihydrate (SSD) has been used globally
for centuries in food and traditional medical practices. There is paucity of scientific information on the safety
of this common food additive. This study was designed to find out if the oral administration of SSD is
capable of generating oxidative stress in erythrocytes, liver and kidney using albino rats as experimental
models. The total number of animals used for this study was fifteen. The experimental animals were
grouped into three. There were five animals in each group. The rats in the first group which was the control
group, were dosed with 1 ml distilled water, while groups 2 and 3 were treated with 400 mg/kg and 800
mg/kg body weight (bw) of SSD, respectively, once daily per os for 28 days. After the duration of treatment,
the erythrocytes, hepatic and kidney tissues were processed for the analysis. The biomarkers of oxidative
stress, superoxide dismutase (SOD), catalase; and thiobarbituric acid reactive substances/ malondialdehyde
(TBARS/MDA) were assayed. The result indicated that catalase enzyme activity was overexpressed in the
red blood cells, liver and kidneys of the group that consumed the lower dose of SSD. The dose-dependent
increase in the lipid peroxidation of the tissues as indicated by increased levels of MDA in the erythrocytes
and TBARS in the tissues of the treated groups was significant (P < 0.05). The SOD enzyme activity in all
the tissues assayed showed a dose-dependent decrease, which was significant at the probability level of
0.05. The consumption of SSD therefore caused lipid peroxidation and reduction in activity of the
antioxidants present in the tissues studied.
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INTRODUCTION

Oxidative stress can be described as a condition
characterized by an imbalance between the rate
of oxidation and efficacy of the antioxidant
systems in ameliorating the effects of the
oxidative process (Yoshikawa and Naito, 2002).
It can be due to either reduction in production of
antioxidants or increased generation of free
radicals (Czerska et al., 2015). Oxidative stress
results in peroxidation and subsequent
destruction of macromolecules such as lipids,
nucleic acids, proteins, carbohydrates and bases;
and has been reported to cause pathological
conditions such as cardiovascular disorders,
diabetes, hepatitis, renal diseases and cancers
(D’Azy et al., 2016; Kurian et al., 2016; Zhang et
al., 2020). Conventional biochemical indicators of
oxidative stress include thiobarbituric acid
reactive substances (TBARS), catalase and
superoxide dismutase. Catalase, an antioxidant
cytosolic enzyme which can be found in both
plant and mammalian tissues such as the liver,
erythrocytes and renal cells facilitates the
formation of molecular oxygen and water by
dissociating hydrogen peroxide. It also
neutralizes the anion radical Oz, hydroxyl radicals
and the radicals of unsaturated lipids. (Boriskin et
al.,, 2019; Olson et al., 2017). Superoxide
dismutases (SODs) are ubiquitous
metalloenzymes that provide front line protection
to the organism in the event of oxidative stress
(Younus, 2018), while TBARS are products of
lipid peroxidation that are formed when free
radicals attack carbon-carbon bonds in lipids
(Tsikas, 2017).

Erythrocytes are prone to oxidative changes that
often affect the cell membrane which possesses
fatty acids, oxygen and haemoglobin. The
structural and functional composition of the
membranes are important factors that determine
the longevity of red blood cells in plasma of
circulating blood (Skrzep-Poloczek et al., 2020).
The deleterious effects of redox imbalance on
erythrocytes include decrease in their ability to
transport oxygen, early aging, irreversible
damage and removal from circulation (Maurya et
al., 2015; Revin et al., 2019). In kidney disorders,
oxidative stress is known to cause the
progression of both acute and chronic kidney
disease by generating oxidants, hyperchlorous
acid, and myeloperoxidase (MPO) (Gwozdzinski
et al., 2021; Kisic et al., 2016). Oxidative stress
plays a major role in the development of hepatic
disorders. Hepatic inflammation observed in fatty
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liver disease and viral hepatitis is a consequence
of mitochondrial dysfunction, stress on the
endoplasmic reticulum and excess release of free
radicals (Cichoz-Lach and Michalak, 2014).

Sodium sesgiucarbonate dihydrate (SSD) also
known as trisodium hydrogen dicarbonate
(Na3(CO3) (HCOs3).2H20) is an equimolar mixture
of sodium bicarbonate and sodium carbonate
which occurs in nature as the evaporite mineral
Trona. SSD is utilized in several industrial
processes such as leather tanning and in
production of cosmetics, soaps and detergents
(Lewis, 2007). In trado-medical practices, it is
claimed to be an effective therapeutic agent
against ailments such as toothache, stomach
ache and constipation (Okoye et al., 2016).
However, the commonest use of the natural
occurring form of SSD, Trona, across several
cultures in Africa is in cuisines as a food additive.
Trona is used as tenderizer in the cooking of
legumes, or as component of different drinks and
dishes in West, East and Central Africa such as
Makande in Tanzania and Achu soup in
Cameroon as well as tuwo and abacha in Nigeria
(Ene-Obong et al.,, 2013; Nielsen and Dabhi,
2002). Trona had been documented to contain
heavy metals especially iron, zinc and lead as
well as caused loss of weight in experimental rats
following oral administration (Imafidon et al.,
2016). Okoye et al., (2016) and Ajiboye et al.,
(2018) reported in their studies that SSD
administration to albino rats resulted in
hepatotoxicity. The toxic effect of a xenobiotic on
an organ may be attributed to oxidative changes
caused by expression of reactive oxygen species
and other free radicals by the substance (Singh
et al., 2010). This study therefore evaluated the
lipid peroxidation and antioxidant enzymes
activity of SSD on erythrocytes, liver and renal
tissues of albino rats.

MATERIALS AND METHODS
Ethical approval

The approval to carry out this research was given
by the University of Ghana Animal Care and Use
Committee (UG-IACUC) with ethical clearance
number- UG-IACUC 008/18-19, according to the
principles guiding the use of laboratory animals in
research.



Experimental Animals

Fifteen male Albino rats were used for the study.
They weighed between 100 and 150 g and were
gotten from University of Ghana, Department of
Animal Experimentation, Noguchi Memorial
Institute of Medical Research (NMIMR). They
were maintained in standard housing and
environmental conditions and given pelleted feed
and water ad lib. The experiment commenced
after an acclimatization period of 7 days.

Sample Preparation

The SSD sample was procured from Borno State
Nigeria where it is locally mined and identified in
the Department of Earth Science, School of
Physical and Mathematical Sciences, University
of Ghana. It was finely pulverized and kept at
ambient temperature in an air-tight bottle. Prior to
use, the ground sample was reconstituted with
appropriate concentration of distilled water and
further dissolved using ultrasonic homogenizer to
get a more uniform solution.

Experimental Design

The experimental animals were randomly
selected into three groups comprising five rats
per group. The sample was administered per os
using a gastric tube. The animals in group one
was administered distilled water, while those in
groups two and three were given 400mg/kg and
800mg/kg of Trona respectively, once daily for 28
days. At the end of the treatment period, 3 ml of
blood sample was collected from each animal
after which they were humanely sacrificed. The
hepatic and renal tissues were excised and
sections kept for assay of oxidative markers.

Blood and Tissue Collection

The erythrocytes were prepared as described by
Skrzep-Poloczek et al. (2020). Tubes treated with
ethylene diamine tetra acetic acid (EDTA) were
used to collect the blood samples. To separate
the erythrocytes, the tubes containing the
samples were centrifuged at a temperature of 4
°C for 10 minutes at 5000 revolutions per minute.
The pellets were washed thrice with 0.01 M
phosphate buffer solution (pH 7.4), containing
0.14 M NaCl and stored at a temperature of —80
°C. The excised tissues samples were dipped in
0.9% (wi/v) solution of sodium chloride in order to
eliminate external contaminants, weighed and
kept at a temperature of -20°C until needed.
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Determination of Markers of Oxidative Stress
in Erythrocytes

Catalase-The spectrophotometric technique as
described by Aebi (1982), was used to determine
the activity of catalase enzyme in the
erythrocytes. Summarily, 10ul of the erythrocytes
was mixed with 2 ml of 50 mM phosphate buffer
and 1 ml of 10mM hydrogen peroxide. At the
intervals of 10 seconds, absorbance at 240 nm
wavelength was read for 1 minute against water
blank. The result of the catalase activity was
expressed as mmol H20:2 utilized/min/mg of
haemoglobin.

Malondialdehyde (MDA)-The colometric method
for determining the activity of MDA in erythrocytes
was used for the assay (Shafig-Ur-Rehman,
1984). The erythrocytes were put in an incubator
at a temperature of 37°C for 2 hours. After
incubation, the erythrocytes were mixed at the
ratio of 1:1 with 10% w/v trichloroacetic acid and
then centrifuged for 10 minutes at 2000 rpm. To
the supernatant was added Thiobarbituric acid
(0.67%) and then boiled at 100°C for 10 minutes
in a water bath. The absorbance was read at the
wavelength of 535 nm after the addition of 1 ml of
distilled water. The result was expressed as nmol
MDA/mI of erythrocytes.

Superoxide Dismutase (SOD)- The
spectrophotometric technique of Madesh and
Balasubramanian (1998) was employed in the
determination of the activity of SOD. A tube
containing 10 pl of hemolysate, 0.65 ml
Phosphate buffered saline at pH 7.4, 75 pl of 100
UM pyrogallol and 30 pl of 1.25 mM (3-[4, 5-
dimethylthiazole-2-yl]-2,  5-diphenyltetrazolium
bromide) (MTT) solution was incubated for 5
minutes at 27°C. Dimethyl sulfoxide was added
at the volume of 0.75 ml and the absorbance was
taken at 570 nm. The activity of SOD was
expressed as Unit/ml, with one unit defined as the
guantity of hemoglobin in micrograms, capable of
effecting an inhibition of 50% in the reduction of
MTT.

Determination of Markers of Oxidative Stress
in Tissues

The hepatic and kidney tissues were individually
processed by blending with 1.15% (w/v) ice-cold
potassium chloride solution. To the mixture was
added 0.05 M phosphate buffer and then
centrifuged at a temperature of 4 °C for 20
minutes at 10,000g. The supernatant was used
for the analyses.



Catalase- The catalase enzyme activity in the
tissues was determined spectrophotometrically
using the method of Hadwan (2018). To test
tubes marked test, was added 500 pl of sample
while in standard and blank tubes was put 500 pl
of distilled water. To the test and standard tubes
were added 1000 ul of hydrogen peroxide. After
mixing, the samples were incubated at a
temperature of 37 °C for 2 minutes. A working
solution of 1800 ml of sodium bicarbonate,
100 ml of cobalt (Il) solution and 100 ml of
Graham salt solution, at a volume of 6000 pl was
prepared and put in all the test tubes. The tubes
were vortexed for 5 seconds and kept away from
light for 10 minutes. The absorbance reading was
taken at 440 nm and the result expressed as
kUl/litre.

Superoxide Dismutase (SOD)- The
spectrophotometric method used to analyze the
activity of superoxide dismutase in the tissues
was earlier described by Kakkar et al. (1984). A
working solution containing 0.1 mL of 186 yM of
phenazine methosulphate, 1.2 mL of 0.052 M of
sodium pyrophosphate buffer (pH 8.3), 0.2 mL of
750 uM of nicotinamide adenine dinucleotide
hydrogen (NADH) and 0.3 mL of 300 uM of
nitroblue tetrazolium was mixed with 0.1 mL of
the tissue. After incubation at a temperature of
30° C for 90 seconds, glacial acetic acid (0.1 mL)
was added to the mixture. The tubes were
vortexed for 10 minutes and centrifuged after the
addition of 4.0 mL of n- butanol. Absorbance of
the layer containing the butanol was read at an
absorbance of 560 nm, and the activity of
superoxide dismutase was expressed as
Units/mg of sample.

Thiobarbituric  acid reactive  substances
(TBARS)- A Spectrophotometric method was
used in determining the level of lipid peroxidation
in liver and kidneys of the experimental rats

Table 1: Oxidative marker parameters in erythrocytes

(Ohkawa et al., 1979). A mixture of 0.1 mL of
sample aliquot, 0.2 mL of 8.1 % sodium dodecyl,
1.5 mL of 0.8% thiobarbituric acid and 1.5 mL of
20% acetic acid was prepared. Using a water
bath, the mixture was kept at a temperature of
100°C for 60 minutes, and then cooled for 10
minutes. To the mixture was added 5 mL of n-
butanol-pyridine and 1 mL of distilled water. The
tubes were centrifuged at 4000 revolutions per
minute for duration of 10 minutes. The
absorbance reading was taken at a wavelength
of 532 nm. The concentration of TBARS present
was expressed as nM/g of tissue.

Statistical Analysis

One-way analysis of variance (ANOVA) was used
in analyzing the data obtained from the study.
The Statistical package for social sciences
(SPSS) version 20.0 was used for the statistical
analyses. The values were presented as mean +
standard error, and the probability level of less
than 0.05was accepted as significant.

RESULTS

Effect of SSD on Erythrocyte markers of
oxidative stress

Catalase enzyme activity in the red blood cells
was reduced to a significant level (P <0.05) in the
800mg/kg bw group when compared to the
untreated group (Table 1). However, the
400mg/kg bw group had the highest value
(138.70 £ 1.63) compared to the other groups
(132.22 + 2.15, 125.08 + 1.15). The marker of
lipid peroxidation was significantly elevated (P <
0.05) in the group administered the highest dose
of SSD when compared to the control group. This
trend was reversed in the values representing the
activities of SOD in the erythrocytes.

Oxidative Marker Control 400mg/kg 800mg/kg
Catalase (mmol H202 /min/mg 132.22 £+ 2.15ab  138.70 £ 1.63a 125.08 £ 1.15b
hb)

MDA (nmol MDA/ml) 5.92 + 1.87a 6.13 £ 2.00a 7.05 £ 1.46b
SOD (Unit/ml) 6.39 + 3.01a 5.40 £ 2.13b 4.48 + 2.66¢

Alphabetical superscripts a, b, ¢, in a row show significant difference in the means (P < 0.05)

Effect of SSD on Tissue markers of oxidative
stress

The activity of catalase enzyme in the liver of
treated animals did not significantly differ (P >
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0.05) among the groups; however, in the kidney,
the rats that were administered 800mg/kg of the
test sample had significantly lower (P < 0.05)
average catalase activity (18.15 + 1.18)



compared to those in the control group (22.43 +
1.17) (Fig. 1). The 400mg/kg group had higher
catalase enzyme activity in both tissues when
compared to the other groups. Figure 2 shows
that in liver and kidney tissues, when SSD was
given at the dose of 800mg/kg, there was
significant reduction (P < 0.05) in the superoxide
dismutase enzyme activity (21.55 + 1.36, 11.63 +
0.49) compared to the control groups (28.11 %
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0.99, 19.93 + 0.69). The TBARS value for the
untreated group was significantly lesser (P <
0.05) in both organs (34.94 + 0.78, 25.05 + 1.14)
when compared to the treated groups for the liver
(39.22 +£ 1.00, 48.37 + 1.50) and kidney (40.31 +
1.72, 52.13 £ 1.43) (Fig 3). The downregulation
of superoxide dismutase enzyme activity and the
increase in TBARS concentration in both tissues
were dose-dependent.
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Figure 1: Catalase activity in tissues of control and SSD treated groups. Values are expressed as mean *
standard error. Values with different superscripts vary significantly at P < 0.05.
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Figure 2: SOD activity in tissues of control and SSD treated groups. Values are expressed as mean +
standard error. Values with different superscripts vary significantly at P < 0.05.

DISCUSSION

Oxidative stress is a major risk factor in the
pathogenesis of several ailments and has been
described as a loss of equilibrum between
antioxidants and oxidants due to elevation of free
radicals (Dhalla et al., 2000). The results of this
work show that consumption of SSD increased
the activity of oxidative enzyme markers and
enhanced lipid peroxidation in erythrocytes.
Reduction in SOD and catalase enzyme activities
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with higher doses of xenobiotics as observed in
this research can be attributed to the depletion of
enzymes due to oxidative stress (Jadhav et al.,
2007). Studies have shown certain substances
can induce oxidative stress in erythrocytes.
These include atrazine, cadmium, chromium,
arsenic, iron, manganese, mercury and lead
(Alburaidi et al., 2022; Jadhav et al., 2007; Singh
et al., 2010). The constant exposure of RBCs to
the products of oxidation released by auto-
oxidation of the oxygen carrier protein,
haemoglobin, depletes capacity of the cells to
fight against oxidation,
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Figure 3: TBARS levels in tissues of control SSD treated groups. Values are expressed as mean + standard
error. Values with different superscripts vary significantly at P < 0.05.

predisposing them to haemolysis (Maurya et al.,
2015). This implies that the consumption of SSD
is capable of making an individual susceptible to
the side effects of red blood cell haemolysis such
as anaemia, reticulocytosis and
hamoglobinaemia. The elevated antioxidant
activity of catalase enzyme in the hepatic and
renal tissues as observed in the group that was
administered lower dose of the sample has earlier
been reported by Ajiboye et al. (2018) in the
intestine, kidney and liver of rats administered
Trona. This increase has been described as a
compensatory regulatory response to increase in
oxidative stress (Li et al.,, 2015). Sometimes
referred to as catalase overexpression, this
phenomenom has been documented to provide
protection against oxidative stress in chemical
agent toxicity (Gurgul et al., 2004), cardiac
disease and aging (Yao et al., 2015), and hepatic
carcinogenesis (Nilakantan et al.,, 1998). A
reduction in catalase activity in the renal and
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hepatic  tissues is an indicator  of
neuropathological conditions and oncological
diseases (Glorieux et al., 2015). Deficiency of
catalase enzyme in the kidney has been
attributed to contribute to chronic renal failure-
induced stress caused by oxidative activities
(Sindhu et al., 2005). Researchers have also
reported reduction in catalase enzyme activity in
humans in advanced renal disease and in mice
following nephrectomy (Inal et al, 1999;
Kobayashi et al., 2005).

Free radicals include the reactive nitrogen
species, hydroxyl radicals and the reactive
oxygen species. Reactive oxygen free radicals
are normal physiological by-products of aerobic
respiration that only poses a danger when over-
produced or when the antioxidative systems are
compromised (Gwozdzinski et al., 2021). The
enzyme superoxide dismutase functions primarily
in dismutation of the superoxide ion, thereby
defending the biological system against the
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reactive oxygen species (Singh et al., 2010). The
decrease in the SOD activity in the present study
is an indication that the test substance caused
oxidative changes that overwhelmed the
antioxidative ability of the enzyme. The down
regulation of superoxide dismutase activity has
earlier been reported in the hepatic and renal
tissues of rats with chronic renal failure (Vaziri et
al., 2003). Increase in TBARS level in organs of
the treated rats as reported in this research work
agrees with the findings of Ajayi & Akhigbe,
(2017). Malondialdehyde is considered an
accurate determinant of peroxidation of lipids, as
it is an oxidative product of peroxidized poly
unsaturated fatty acids. Thiobarbituric acid
reactive substances are products of oxidative
stress, principally Malondialdehyde (MDA) as
well as other substances (Tsikas, 2017). When
an organ is exposed to lipid peroxidation, there is
oxidative damage leading to disintegration and
deterioration of the membrane and damage to the
organ. There had been earlier reports of injury to
the liver following administration of SSD to rats
(Ajiboye et al., 2018). The increase in products of
lipid peroxidation observed in this study therefore
implicates oxidative stress as a possible
mechanism of injury to the tissues by the test
substance.

CONCLUSION

The oral administration of SSD decreased the
antioxidant activity of catalse and SOD which are
conventional biomarkers of oxidative changes in
cells, organs and tissues. There was also
increase in lipid peroxidation marked by
overexpression of MDA and TBARS. The
production of oxidative stress in the erythrocytes,
hepatic and kidney tissues show that sodium
sesquicarbonate dihydrate suppresses the
antioxidant systems and can therefore be
deleterious to the organs and erythrocytes. It is
therefore recommended that the use of SSD as
food additive and in ethnomedical practices be
dissuaded. Further studies are needed to
evaluate other potential toxicity mechanisms of
this substance.

Authors Contribution

CUN and CON designed and carried out the
research work. SCU and IIM supervised the work.
All the authors contributed to writing, revising and
approving the final draft of the manuscript.

Conflict of Interest

Bio-Research Vol.21 No.3 pp.2131-2140 (2023)

The authors declare that there are no conflicts of
interest.

REFERENCES

Aebi, H. E. (1982). Catalase. In H. U. Bergmeyer
(Ed.), Methods of Enzymatic Analysis (3rd
ed., pp. 273-286). VerlagChemie,
Weinheim, Germany.

Ajayi, A. F. and Akhigbe, R. E. (2017).
Antispermatogenic mechanism of trona is
associated with lipid peroxidation but not
testosterone  suppression. Journal of
Human Reproductive Sciences, 10(2): 124.
https://doi.org/10.4103/JHRS.JHRS_104_1
6

Ajiboye, J. A., Erukainure, O. L., Olasehinde, T.,
Obode, O. C. and Tugbobo-Amisu, A. O.
(2018). Protective potential of Tetrapleura
tetraptera against trona (kaun)-induced
hepatic injury in rat models. Comparative
Clinical  Pathology, 27(3): 627—633.
https://doi.org/10.1007/s00580-018-2639-z

Alburaidi, B. S., Alsenaidy, A. M., Al Hasan, M.,
Siddiqi, N. J., Alrokayan, S. H., Odeibat, H.
A., Abdulnasir, A. J. and Khan, H. A. (2022).
Comparative evaluation of cadmium-
induced oxidative stress in camel and
bovine erythrocytes. Journal of King Saud
University - Science, 34(2): 101772.
https://doi.org/10.1016/J.JKSUS.2021.101
772.

Boriskin, P., Deviatkin, A., Nikitin, A., Pavlova, O.
and Toropovskiy, A. (2019). Relationship of
catalase activity distribution in serum and
tissues of small experimental animals. |IOP
Conf. Ser.: Earth Environ. Sci, 403: 12113.

Cichoz-Lach, H. and Michalak, A. (2014).
Oxidative stress as a crucial factor in liver
diseases. World Journal of
Gastroenterology : WJG, 20(25): 8082.
https://doi.org/10.3748/WJG.V20.125.8082

Czerska, M., Mikotajewska, K., Zielihski, M.,
Gromadzinska, J. and Wasowicz, W.
(2015). Today’s oxidative stress markers.
Medycyna Pracy, 66(3): 393-405.

D’Azy, C. B., Pereira, B., Chiambaretta, F. and
Dutheil, F. (2016). Oxidative and anti-
oxidative stress markers in chronic
glaucoma: A systematic review and meta-
analysis. PLOS ONE, 11(12): e0166915.
https://doi.org/10.1371/JOURNAL.PONE.O
166915

Dhalla, N., Temsah, R. and Netticadan, T. (2000).
Role of oxidative stress in cardiovascular

2138



diseases. Journal of Hypertension, 18(6):
655—-673.

Ene-Obong, H. N., Sanusi, R. A., Udenta, E. A,,
Williams, I. O., Anigo, K. M., Chibuzo, E. C.,
Aliyu, H. M., Ekpe, O. O. and Davidson, G.
I. (2013). Data collection and assessment of
commonly consumed foods and recipes in
six geo-political zones in Nigeria: Important
for the development of a National Food
Composition Database and Dietary
Assessment. Food Chemistry, 140(3): 539—
546.

Glorieux, C., Zamocky, M., Sandoval, J. M.,
Verrax, J. and Calderon, P. B. (2015).
Regulation of catalase expression in
healthy and cancerous cells. In Free
Radical Biology and Medicine 87: 84-97.

Gurgul, E., Lortz, S., Tiedge, M., Jorns, A. and
Lenzen, S. (2004). Mitochondrial catalase
overexpression protects insulin-producing
cells against toxicity of reactive oxygen
species and proinflammatory cytokines.
Diabetes, 53(9): 2271-2280.

Gwozdzinski, K., Pieniazek, A. and Gwozdzinski,
L. (2021). Reactive Oxygen Species and
Their Involvement in Red Blood Cell
Damage in Chronic Kidney Disease.
Oxidative Medicine and Cellular Longevity,
2016: 6639199.
https://doi.org/10.1155/2021/6639199

Hadwan, M. H. (2018). Simple
spectrophotometric assay for measuring
catalase activity in biological tissues. BMC
Biochemistry, 19(1): 1-8.

Imafidon, K. E., Egberanmwen, I. D. and
Omoregie, I. P. (2016). Toxicological and
biochemical investigations in rats
administered “kaun” (trona) a natural food
additive used in Nigeria. Journal of Nutrition
& Intermediary Metabolism, 6: 22-25

Inal, M., Kanbak, G., Sen, S., Akyuz, F. and
Sunal, E. (1999). Antioxidant status and
lipid peroxidation in hemodialysis patients
undergoing erythropoietin and
erythropoietin-vitamin E combined therapy.
Free Radical Research, 31(3): 211-216.

Jadhav, S. H., Sarkar, S. N., Aggarwal, M. and
Tripathi, H. C. (2007). Induction of oxidative
stress in erythrocytes of male rats
subchronically exposed to a mixture of eight
metals found as groundwater contaminants
in different parts of India. Archives of
Environmental Contamination and
Toxicology, 52(1): 145-151.

Kakkar, P., Das, B. and Viswanathan, P. N.
(1984). A modified spectrophotometric

Bio-Research Vol.21 No.3 pp.2131-2140 (2023)

assay of superoxide dismutase. Indian
Journal of Biochemistry & Biophysics,
21(2): 130-132.

Kisic, B., Miric, D., Dragojevic, I., Rasic, J. and
Popovic, L. (2016). Role of
myeloperoxidase in patients with chronic
kidney disease. Oxidative Medicine and
Cellular  Longevity, 2016: 1069743.
https://doi.org/10.1155/2016/1069743

Kobayashi, M., Sugiyama, H., Wang, D., Toda,
N., Maeshima, Y., Yamasaki, Y., Masuoka,
N., Yamada, M., Kira, S. and Makino, H.
(2005). Catalase deficiency renders
remnant kidneys more susceptible to
oxidant tissue injury and renal fibrosis in
mice. Kidney International, 68(3): 1018—
1031.

Kurian, G. A., Rajagopal, R., Vedantham, S. and
Rajesh, M. (2016). The role of oxidative
stress in  myocardial ischemia and
reperfusion injury and remodeling: revisited.
Oxidative Medicine and Cellular
Longevity,2016: 1656450.
https://doi.org/10.1155/2016/1656450

Lewis, R. J. (2007). Hawley’'s Condensed
Chemical Dictionary. Journal of the
American Chemical Society, 129(16):
5296-5296.

Madesh, M. and Balasubramanian, K. A. (1998).
Microtiter plate assay for superoxide
dismutase using MTT reduction by
superoxide. Indian Journal of Biochemistry
& Biophysics, 35(3): 184-188.

Maurya, P. K., Kumar, P. and Chandra, P. (2015).
Biomarkers of oxidative stress in
erythrocytes as a function of human age.
World Journal of Methodology, 5(4): 216.
https://doi.org/10.5662/WJM.V5.14.216

Nielsen, J. M. and Dahi, E. (2002). Fluoride
exposure of East African consumers using
alkaline salt deposits known as magadi
(trona) as a food preparation aid. Food
Additives and Contaminants, 19(8): 709—
714.

Nilakantan, V., Spear, B. T. and Glauert, H. P.
(1998). Liver-specific catalase expressionin
transgenic mice inhibits NF-kappaB
activation and DNA synthesis induced by
the peroxisome proliferator ciprofibrate.
Carcinogenesis, 19(4): 631-637.

Ohkawa, H., Ohishi, N. and Yagi, K. (1979).
Assay for lipid peroxides in animal tissues
by thiobarbituric acid reaction. Analytical
Biochemistry, 95(2): 351-358.

Okoye, J. O., Oranefo, N. O. and Okoli, A. N.
(2016). Comparative Evaluation of the

2139



Effects of Palm Bunch Ash and Trona on the
Liver of Albino Rats. African Journal of
Cellular Pathology, 6: 21-27.

Olson, K. R., Gao, Y., DeLeon, E. R., Arif, M., Arif,
F., Arora, N. and Straub, K. D. (2017).
Catalase as a sulfide-sulfur oxido-
reductase: An ancient (and modern?)
regulator of reactive sulfur species (RSS).
Redox Biology, 12: 325-339.

Revin, V. V., Gromova, N. V., Revina, E. S,
Samonova, A. Y., Tychkov, A. Y,
Bochkareva, S. S., Moskovkin, A. A. and
Kuzmenko, T. P. (2019). The Influence of
oxidative stress and natural antioxidants on
morphometric parameters of red blood
cells, the hemoglobin oxygen binding
capacity, and the activity of antioxidant
enzymes. BioMed Research International,
2019: 2109269.
https://doi.org/10.1155/2019/2109269.

Shafig-Ur-Rehman. (1984). Lead-induced
regional lipid peroxidation in brain.
Toxicology Letters, 21(3): 333-337.

Sindhu, R. K., Ehdaie, A., Farmand, F., Dhaliwal,
K. K., Nguyen, T., Zhan, C. De, Roberts, C.
K. and Vaziri, N. D. (2005). Expression of
catalase and glutathione peroxidase in
renal insufficiency. Biochimica et
Biophysica Acta (BBA) - Molecular Cell
Research, 1743(1-2): 86-92.

Singh, M., Sandhir, R. and Kiran, R. (2010).
Oxidative stress induced by atrazine in rat
erythrocytes: mitigating effect of vitamin E.
Toxicology Mechanisms and Methods,
20(3): 119-126.

Skrzep-Poloczek, B., Poloczek, J., Chetmecka,
E., Dulska, A., Romuk, E., Idzik, M., Kazura,
W., Nabrdalik, K., Gumprecht, J., Jochem,
J. and Stygar, D. M. (2020). The oxidative

Bio-Research Vol.21 No.3 pp.2131-2140 (2023)

stress markers in the erythrocytes and heart
muscle of obese rats: relate to a high-fat diet
but not to DJOS bariatric surgery.
Antioxidants (Basel, Switzerland), 9(2): 183.
https://doi.org/10.3390/ANTIOX9020183

Tsikas, D. (2017). Assessment of lipid
peroxidation by measuring
malondialdehyde (MDA) and relatives in
biological samples: Analytical and biological
challenges. Analytical Biochemistry, 524:
13-30.

Vaziri, N. D., Dicus, M., Ho, N. D., Boroujerdi-
Rad, L. and Sindhu, R. K. (2003). Oxidative
stress and dysregulation of superoxide
dismutase and NADPH oxidase in renal
insufficiency. Kidney International, 63(1):
179-185.

Yao, C., Behring, J. B., Shao, D., Sverdlov, A. L.,
Whelan, S. A., Elezaby, A., Yin, X., Siwik,
D. A., Seta, F., Costello, C. E., Cohen, R.
A., Matsui, R., Colucci, W. S., McComb, M.
E. and Bachschmid, M. M. (2015).
Overexpression of catalase diminishes
oxidative cysteine modifications of cardiac
Proteins. PLOS ONE, 10(12): e0144025.
https://doi.org/10.1371/JOURNAL.PONE.O
144025

Yoshikawa, T. and Naito, Y. (2002). What Is
oxidativestress? JMAJ, 45(7): 271-276.

Younus, H. (2018). Therapeutic potentials of
superoxide dismutase. International Journal
of  Health Sciences, 12(3): 88.
/pmc/articles/PMC5969776/.

Zhang, P., Li, T., Wu, X., Nice, E. C., Huang, C.
and Zhang, Y. (2020). Oxidative stress and
diabetes: antioxidative strategies. Frontiers
of Medicine, 14(5): 583-600.

2140



