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1. Introduction protective effect of VA in ischemia-reperfusion through

Vanillic acid (VA) is a natural compound of phenolic acids
family and also a derivative of benzoic acid which is used as
a flavoring agent, preservative, and food additive in the
food industry. It is a form of vanillin oxide and is produced
when vanillin converted to ferulic acid. VA has several
pharmacological effects including anti-metastatic ' anti-
melanogenesis °, antioxidant, anti-angiogenesis °, and anti-

apoptotic effect ‘. Recent study has shown the cardio-
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decreasing oxidative stress and improving myocardial
dysfunction ’. Other investigations revealed some phenolic
acid such as ferulic acid suppressed TLR4-induced
inflammatory responses against acetaminophen-induced
liver injury. Diethyl phthalate (DEP) has been found to have
diverse acute and chronic toxic effects on several species at
different trophic levels and endocrine-disrupting properties
°. DEP could also be seen as a colorless, odorless, oily
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substance used to improve the performance and durability
of many products . It is added to plastic polymers as a
plasticizer to help maintain flexibility. It has been used in
various products, including plastic films, rubber, tape,
toothbrushes, automotive components, tool handles, and
toys. BPS is a synthetic organic compound widely used as a
precursor in polycarbonate plastic products, epoxy resins,
and various materials. Bisphenol S (BPS) has been
introduced to the industry as a safe alternative to BPA,;
however, recent studies have shown that different BPS
concentrations correlate with oxidative stress *. It can be
directly released from factories or consumer products and is
found in the environment. Consequently, global human
exposure mainly results from environmental contamination
and dermal contact with bisphenol-containing products or
food contamination since bisphenols are primarily used in
food and beverage containers . Exposure to BPS for a
prolonged period can cause significant alteration in the
structure of experimental animals.

Compelling evidence demonstrates that vanillic acid is a
bioactive compound, showing a broad range of
pharmacological activities and very low cytotoxicity. A
previous study showed that vanillic acid protects
erythrocytes from peroxyl radicals generated by pro-
oxidants " and can also form stable complexes with metal
ions and reduce the formation of free radicals. Vanillic acid
possesses antioxidant ', anti-inflammatory ", cardio-

“ and anti-diabetic "

protective ", neuro-protective
properties. Hence, this study was conducted to 1) elucidate
the mechanisms in which DEP and BPS can induce
oxidative stress and cardiotoxicity and 2) ascertain if the
antioxidant activity of vanillic acid can ameliorate this
condition in oxidative stress markers. Therefore, the
present attempt has been made to investigate the possible
cardio-protective effects of vanillic acid against DEP+BSP-

induced cardio-toxicity.
2. Materials and Methods

2.1 Materials

Vanillic acid, diethyl phthalate and bisphenol S, and
Dimethyl sulfoxide (DMSO) were purchased from India
and Libertas laboratory services limited, Abeokuta. All
other chemicals used were of analytical grade.

2.2 Animal model

Experimental animals, female albino Wistar rats weighing
150 g — 200 g, were inbred at the Animal House,
Department of Biochemistry, Federal University of
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Agriculture, Abeokuta, Nigeria. They were housed in a
plastic suspended cage placed in a well-ventilated,
temperature controlled (25 °C) rat house with standard 12-h
light/12-h dark cycles. The rats were provided with
standard pellet chow and given water ad libitum. All
animals were acclimatized for one week before the
commencement of the experiments.

2.3 Experimental protocol for the study

Twenty-five rats were divided into five groups (n=5), using
a simple randomization method. Five rats per group were
used based on 3R (replacement, reduction and refinement)
principles (Maestri, 2021), before the experiments, vanillic
acid was mixed with the vehicle (sweetened condensed
milk diluted in water in a 1:6 ratio). Aliquots of different
concentrations (50, 25, and 200 mg/kg bw vanillic acid).
However, the doses of BPS, DEP, and vanillic acid were
based on previous studies of Administration was for
twenty-one (21) days. Dimethyl sulfoxide (DMSO) served
as the vehicle for all treatments and administration was by
oral gavage. These various vanillic acid dosages have been
stated to prevent oxidative stress in rats. Meanwhile, the
normal control of diethyl phthalate and bisphenol s alone
rats received the vehicle, as detailed in Table 1. Afterwards,
a single dose of diethyl phthalate and bisphenol s (50
mg/kg) prepared in sterile injection water was administered
intraperitoneally (i.p.) to all the groups (II-V) except
normal control group I, which received only sterile
injection water i.p.

Table 1 Grouping of experimental animals and their
treatments.

GROUPS (n=5) TREATMENT

A DMSO (50 mg/kg b.wt)

B BPS +DEP (50mg/kg b.wt)

C BPS + DEP (50mg/kg b.wt) +

Vanillic Acid (25mg/kg b.wt)

D BPS+DEP (50mg/kg b.wt) +
Vanillic Acid (50mg/kg b.wt)

E Vanillic Acid (50mg/kg b.wt)

The rats were sacrificed 24 hours after the last
administration. Feed and water were withdrawn from the
animal cages 12 hours before sacrifice. The animals were
sacrificed by cervical dislocation. The hearts were excised
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and rinsed in cold normal saline after which they were
blotted dry and weighed.

10% tissue homogenate, was prepared by weighing
approximately 0.2g of the excised organ (heart) and
homogenizing in 1.8ml of phosphate buffer (pH 7.4) using a
Teflon"

centrifuged at 4000rpm for ten minutes after which the

homogenizer. The resulting homogenate was

supernatant was collected into 2ml Eppendorf tube”.
Portions of the heart samples were preserved in phosphate
buffered formalin for histopathological analysis. The
homogenate and the remaining intact organs were stored at
low temperature in a chest freezer.

2.4 Principle of the biomarkers

Malondialdehyde (MDA) is formed from the breakdown of
polyunsaturated fatty acids and therefore serves as a
convenient index to determine the extent of the
peroxidation reaction. It has been identified as the product
of lipid peroxidation that reacts with thiobarbituric acid on
heating in acidic pH to give a pink complex which absorbs
maximally at 532nm. The results are expressed as the
amount of free MDA produced.

2.5 Analysis of reduced glutathione concentration
Concentration of GSH was determined according to the
method described by . The acid soluble sulthydryl groups
of reduced glutathione form a yellow colored complex with
dithionitrobenzene (DTNB). The absorbance of the colored
complex was measured at412 nm.

2.6 Determination of glutathione peroxidase activity
The activity of GPx was determined by the method
described by .

About 0.2 mL of the sample was mixed with 0.2 ml
phosphate buffer, 0.1 mL NaN,, 0.2 mL GSH and 0.1 mL of
H,0,. The mixture was incubated at 37°C for 10 minutes
after which 0.2 mL of TCA was added. The entire solution
was centrifuged at 3000rpm for 15 minutes. To 0.4 mL of
the resulting supernatant, 0.36 mL of distilled water, 0.8 ml
of tris buffer and 20 pL of freshly prepared DTNB were
added. The absorbance reading was taken at 412 nm within
5 minutes of adding the DTNB against a blank containing
0.5 ml of water instead of sample.

2.7 Determination of superoxide dismutase activity
and catalase activity

The enzyme activity of SOD was determined by the
methods described by . This assay was based on the
inhibitory effect of SOD on spontaneous autoxidation. One
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unit of the SOD is the amount which requires 50%
inhibition of the rate of autoxidation. Specific activity is
defined as the measure of the density of a substance in
comparison to the density of water.

The enzyme activity of catalase was estimated according to
the method described by . Catalase activity was assessed
by incubating the enzyme sample in 1.0 mL substrate (65
mmol/ mL hydrogen peroxide in 60 mmol/L
sodium—potassium phosphate buffer, pH 7.4) at 37 °C for
three minutes. The reaction was stopped with ammonium
molybdate. Absorbance of the yellow complex of
molybdate and hydrogen peroxide is measured at 374 nm
against the blank.

2.8  Estimation of nitric oxide level and arginase
activity

Nitric oxide levels were determined according to the
method described by *'. 120 pL of sulfanilamide solution
was added to 120 pL of the sample in a 2.0 mL Eppendorf
tube and left to react on ice for 15 minutes. Thereafter, 120
pL of the NED was added to it and the entire solution was
incubated for 10 minutes in the dark. The absorbance
reading was taken at 520nm against a standard which
contained 120 pL of serially diluted 0. 1M NaNO,.

The enzyme activity of arginase was determined by
measuring the rate of urea production using 9% a-
isonitrosopropiophenone in absolute ethanol. 50 uL of the
sample was added into 75 pL of tris HCI buffer containing
10 mmol/L MnCl,. The solution was incubated at 37 °C for
10 min to activate the enzyme. Afterwards, the hydrolysis
reaction of L-arginine by arginase was performed by
incubating the mixture containing the now activated
arginase enzyme with 50 mL of L-arginine at 37 °C for 1
hour.

2.9 Determination of type 5 phosphodiesterase activity
and advanced oxidation protein products concentration
The enzyme activity of PDE-5 was estimated according to
the method described by the method described by . About
800 pl of Tris buffer (pH 7.4) was added to 100 pL of the
sample. The solution was incubated at 37°C for 10 minutes.
100 pL of PNPP (Paranitrophenyl phosphate) was added
afterwards and the absorbance was read at 400nm at 0-, 1-
and 2-minutes' intervals.

The concentration of advanced oxidation protein products
was determined according to the method described by .
The concentration of AOPPs is estimated by measuring the
decrease in concentration of NADH. (It significant plays a
crucial role in regulating the intracellular redox state,
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especially in the mitochondria and nucleus). About 200 puL
of the sample was diluted in 1:5 chloramine - T standard
solution and 20 pL of acetic acid. 10 puL of potassium iodide
was added and the absorbance reading of the solution was
immediately taken at 340 nm against a blank containing 200
pL of phosphate buffered saline, 10 pL of potassium iodide
and 20 pL of acetic acid. AOPP concentration was
expressed in pmol/L of chloramine - T equivalent.
Chloramine - T absorbance at 340 no was linear within the
range of 0 to 100 pmol/L.

2.10
samples
A portion of the cardiac tissue samples were fixed in 10%

Histopathological analysis of the cardiac tissue

phosphate buffered formalin. They were subsequently
dehydrated in an increasing concentration of alcohol,
cleared twice in xylene with bench top tissue processor and
then fixed in paraffin with a tissue embedded. We use 5 pm
of the embedded tissues were sectioned and stained with
hematoxylin and eosin. The tissues were finally observed
at X100 magnification under a Nikon light microscope and
images were captured with a digital camera attached to it.

2.11 Statistical analysis

Data obtained were analyzed by column statistics followed
by one-way analysis of variance (ANOVA) using graph pad
prism version 6.0. Results were expressed as mean =+
Standard Error of Mean (SEM). Statistical significance was
assignedas p<0.05.
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1. Results

Exposure to DEP and BPS inhibited cardiac GPX activity
compared to control. However, following treatment with 25
and 50 mg/kg vanillic acid, there was a significant increase
(p <0.05) in cardiac glutathione peroxidase (GPX) activity
compared to the DEP+BPS group respectively. In addition,
there was also a significant increase (p < 0.05) cardiac
glutathione peroxidase (GPX) activity in the group treated
with vanillic acid only when compared to the control group.
Figure 1 shows the effect of vanillic acid on glutathione
(GSH) concentration in cardiac tissues of diethyl phthalate
and bisphenol S-exposed rats. There was a significant
decrease (p < 0.05) cardiac GSH concentration in the
DEP+BPS—exposed group compared to the control group.
In contrast, exposed groups treated with 25 and 50 mg/kg
vanillic acid showed a significant increase (p < 0.05) in
GSH concentration compared to the DEP + BPS group
respectively

Cardiac SOD activity showed a significant decrease (p <
0.05) in rats exposed to DEP and BEP compared to the
control group. However, there was a significant increase (p
< 0.05) in cardiac SOD activity in groups treated with 25
and 50 mg/kg vanillic acid, respectively, when compared to
the DEP+ BPS group.

Similarly, cardiac CAT significantly decreased (p <0.05) in
DEP + BPS—exposed group compared to the control group.
There were significant increases (p < 0.05) in cardiac CAT
activity in exposed groups treated with 25 and 50 mg/kg
vanillic acid respectively, when compared to the DEP +
BPS group.
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Figure 1 Effect of Vanillic acid pretreatment on diethyl phthalate and bisphenol s mediated decrease in antioxidant in rats in

red blood cells concentration. (a) the activities of glutathione s-transferase (b) the activities of glutathione peroxidase (c) the

activities of superoxide dismutase, (d) the activities of catalase. Bars represent mean =SEM (n=5). Bars with different letters

are significantly different at P<0.05.
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Figure 2 shows the effect of vanillic acid on markers of
oxidative damage in the cardiac of DEP + BPS-exposed
rats. There was a significant increase (p < 0.05) cardiac
MDA concentration in the DEP + BPS—exposed group
compared to the control group. On the other hand, treatment
with vanillic acid (25 and 50 mg/kg) occasioned a marked
decrease in cardiac MDA concentration, which followed a
dose-dependent trend. Furthermore, there was no
significant difference in the group treated with vanillic acid
only when compared to the control group.

The effects of exposure to DEP + BPS and treatment with
vanillic acid on cardiac NO concentration followed a
similar trend. While there was a significant decrease (p <
0.05) cardiac NO concentration in the exposed group
compared to the control group, treatment with vanillic acid
occasioned dose-dependent reduction in reactive nitrogen
species (i.e., NO). Meanwhile, no significant difference (p >
0.05) was observed in the group treated with vanillic acid
only compared to the control group.

The effects of exposure to DEP + BPS and treatment with
vanillic acid on arginase activity followed a similar trend.
While, there was a significant increase (p < 0.05) arginase
activity in the exposed group compared to the control
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group, treatment with vanillic acid occasioned dose-
dependent reduction in reactive arginase. Meanwhile, no
significant difference (p > 0.05) was observed in the group
treated with vanillic acid only compared to the control
group.

The effects of exposure to DEP + BPS and treatment with
vanillic acid on PDE-5 activity followed a similar trend.
While there was a significant increase (p < 0.05) PDE-5
activity in the exposed group compared to the control
group, treatment with vanillic acid occasioned dose-
dependent reduction in reactive PDE-5. Meanwhile, no
significant difference (p > 0.05) was observed in the group
treated with vanillic acid only compared to the control
group.

The effects of exposure to DEP + BPS and treatment with
vanillic acid on AOPP level followed a similar trend. While
there was a significant increase (p <0.05) AOPP level in the
exposed group compared to the control group, treatment
with vanillic acid occasioned dose-dependent reduction in
AOPP. Meanwhile, no significant difference (p > 0.05) was
observed in the group treated with vanillic acid only
compared to the control group.
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Figure 2 Effects of vanillic acid pretreatment on diethyl phthalate and bisphenol s mediated increase in oxidative stress
markers in rats on hematological parameters. (a) MDA (b) Nitric oxide (c) Arginase (d) PDE-5 (e) AOPP. Bars represent
mean +SEM (=5). Bars with different letters are significantly different at P<0.05.
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While no death was recorded among all groups during this study, section of heart tissues from group A (0.4% DMSO)

showed a preserved architecture with a prominent changes were observed in the heart tissues of DEP+BSP exposed groups,

showing distorted cardiac muscles fires with deep stained nuclei and nucleated (Figure 3). Upon pre-treatment with vanillic

acid there is observable restoration of the heart tissues which implies that the histo-pathological examination shows a slight

increase of the nucleated cells.

Figure 3: cardiac tissues histology of control and DEP + BPS-exposed rats treated with vanillic acid. Group A: 0.4%
DMSO; GROUP B: DEP + BPS; GROUP C: DEP + BPS + vanillic acid (25 mg/kg); GROUP D: DEP + BPS + vanillic
acid (50 mg/kg); GROUP E: vanillic acid (50 mg/kg). The black arrow indicates nucleated cells implying that the
histoarchitecture of the cardiac tissues is adequately nucleated. Upon treatment vanillic acid with (50 mg/kg) the

nucleated cells histopathological examination show slightly increase the nucleated cells.

4. Discussion

Despite the challenges we faced at home with plastics and
other endocrine disruptors in our environment. It provokes
some biochemical mechanisms proposed for DEP+BSP-
induced cardiotoxicity and inflammation including
increased levels of free oxygen radicals, alteration of
myocardial cell membrane permeability due to lipid
peroxidation, mitochondrial oxidative phosphorylation,
and changes in electrolyte contents **. Different bioactive
components contain Phenolic compounds that are
commonly used as antioxidant effect; these compounds are
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present in various plants. Because these compounds have
the potential to treat various kinds of human diseases. But
the actual mechanism by which they treat the diseases could
be as a result of its bioactive components. From a study
which was done using murine model of inflammation it was
concluded that vanillic acid exerts anti-inflammatory and
analgesic action by reducing manufacture of pro-
inflammatory cytokines .

Glutathione protects cells by reducing ROS such as
peroxides and other free radicals while being oxidized to
GSSG *. This process makes it capable of preventing
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cellular damage caused by ROS. Figure 1 shows a
decreased concentration of GSH. The activity of GSH
implies that lower concentrations may lead to increased
level of ROS which may subsequently cause oxidative
stress. A significant increase in the concentration of GSH
was however, seen after treatment with vanillic acid. This
implies that while BPS and DEP increase ROS levels by
causing a decrease in the concentration of GSH, vanillic
acid may be able to reverse this effect. Glutathione
peroxidase is an enzyme that catalyzes the reduction of
ROS such as peroxides to their corresponding alcohols and
water through the oxidation of GSH ”'. A decrease in the
activity of GPx as shown in Figure 1 suggests that the rate at
which the ROS are broken down may be greatly decreased
causing a possible increase in ROS and consequently,
oxidative stress. Figure 1 also shows that while treatment
with vanillic acid may not totally reverse the effects of BPS
and DEP on GPx activity, it can extensively ameliorate
these effects.

Superoxide dismutase is an antioxidant enzyme that
catalyzes the breakdown of superoxide radicals (example
HO,") into oxygen and hydrogen peroxide **. Reduced
activity of SOD would consequently lead to an increase in
the level of superoxide radicals and thus, oxidative stress.
The result of SOD in Figure.1 also shows that vanillic acid
was more effective in restoring the activity of SOD at the
higher dose of 50mg/kg body weight compared to the
25mg/kgbody weight dose.

Catalase is an enzyme that catalyzes the rapid
decomposition of hydrogen peroxide to water and oxygen
¥ (SOD is an antioxidant that protects the heart from
ischemia and the lungs from inflammation and fibrosis.
Catalase is the key enzyme which uses hydrogen peroxide,
a nonradical ROS, as its substrate. This enzyme is
responsible for neutralization through decomposition of
hydrogen peroxide, thereby maintaining an optimum level
of the molecule in the cell which is also essential for cellular
signaling processes). It rapidly decomposes the hydrogen
peroxide produced by SOD as hydrogen peroxide breaks
down to give two hydroxyl radicals (OH) in the absence or
atlow activity of catalase ”’. From figure. 1 it can be inferred
that exposure to BPS and DEP can lead to a possible
accumulation of hydrogen peroxide and consequently, an
increase in free hydroxyl radicals leading to oxidative
stress. The ameliorative effect of treatment with vanillic
acid was however found to be significantly more effective at
50mg/kg body weight compared to the 25mg/kg body
weight dose. Nitric oxide regulates several vital
physiological factors including blood pressure. It controls
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vascular tone and the contraction of the myocardium *.
Oxidative stress has been implicated in the damage of
various cellular structures and tissues and consequently in
the pathology of several diseases including atherosclerosis
and other cardiovascular conditions which may lead to or
result from it "'. This study was carried out to investigate the
effects of BPS and DEP-induced oxidative stress on cardiac
function as well as the ameliorative role of vanillic acid in
rat models by examining the resulting changes in the
activities and concentrations of known oxidative stress
biomarkers. Malondialdehyde is produced as a result of
lipid peroxidation of polyunsaturated fatty acids i.e a
process through which radical or non-radical oxidants
attack polyunsaturated fatty acids *. Bio-monitoring of
MDA has been used in several studies as a key biomarker
for various disease patterns including hypertension and
atherosclerosis. Higher levels of MDA have been reported
in patients of various categories. The findings suggest the
validity of the MDA assay as a reliable tool in finding out
the oxidative stress level in the pathology of different
diseases *. Increase in the concentration of MDA as shown
in Figure. would therefore indicate an increased rate of lipid
peroxidation. This directly implies an increased activity of
the pro-oxidative species and consequently, oxidative
stress. Treatment with vanillic acid showed a significant
decrease in MDA concentration which was further
decreased at a higher dose of 50mg/kg body weight. This
result suggests that vanillic acid is able to hinder lipid
peroxidation and therefore implies an ability to combat the
pro-oxidative species responsible for lipid peroxidation and
oxidative stress.

Reduced levels of NO have been linked to several risk
factors for cardiovascular disease. According to research by
*, a decrease in NO level as shown in Figure. could lead to
hypertension and atherosclerosis which are known risk
factors for cardiovascular diseases. Treatment with vanillic
acid however did not completely reverse this effect but
merely showed a slight ameliorative effect. Arginase is the
final enzyme in the urea cycle which catalyzes the
conversion of L-arginine to urea and L-ornithine *. L-
arginine is also required for the synthesis of NO by
endothelial NOS. An increased activity of arginase as
shown in figure. would consequently lead to a
decomposition of the L-arginine required for the synthesis
of NO thereby reducing the bioavailability of NO. Several
studies have associated increased arginase activity with
endothelial dysfunction in vascular vessels *. Figure. also
shows a significant increase or inhibition of arginase
activity after treatment with vanillic acid. This inhibition
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was more significant at 50mg/kg body weight. Pernow and
Jung ** showed that inhibition of arginase activity could
increase the bioavailability of NO and reduce superoxide
levels. It has also been suggested that inhibition of arginase
could be an effective treatment strategy in cardiovascular
medicine

Type 5 phosphodiesterase hydrolyzes cGMP which is a
nitric oxide donor and potent vasodilator *. Increased
activity of PDE-5 Figure. 2 would imply a speedy
hydrolysis of cGMP leading to reduce NO bioavailability
and vasoconstriction which could cause myocardial stress
due to high blood pressure and hypertension. Treatment
with vanillic acid as also shown in the result significantly
decreased the activity of PDE-5. Previous research by *
suggests that the selective inhibition of PDE-5 could
protect the heart against high blood pressure induced
congestive heart failure. Advanced oxidation protein
products are produced as a result of the reaction of proteins
with chlorinated oxidants such as hypochlorous acid > **.
Studies also, indicate that higher AOPP levels (Figure 2)
have been observed in subjects suffering from coronary
artery disease than in healthy subjects. The ability of
vanillic acid to decrease AOPP levels as also shown in
Figure. implies a relatively lower risk of coronary artery
disease as it has been demonstrated that AOPP
concentration is directly related to the degree of diseased
coronary arteries . The results of histopathological
analysis of the cardiac tissues Figure. 3 show lesions,
inflammation and multi focal myofiber degeneration of the
cardiac tissues of the animals that were exposed to just BPS
and DEP indicating severe damage to the cardiac tissues.
The control group as well as the treated groups showed no
visible signs of tissue damage. The treatment control group
(group E) for all parameters shows that vanillic acid has no
significant negative effect on the activity or concentration
ofany ofthe analyzed parameters.

5. Conclusion

Different doses of vanillic acid pretreatment for 21 days
could ameliorate BPS and DEP induced cardio-toxicity by
acting as specific ROS and RNS scavenger. This preserve
the cytoarchitecture of the heart and oxidative stress in rats
via it oxidant free radical scavenging capacity. Vanillic acid
demonstrated a significant degree of attenuation which
could proffer a promising attribute to its strong antioxidant
properties.

Conflict of Interest
The authors declare no conflict of interest.

THE NIGERIAN JOURNAL OF PHARMACY | VOL.57, ISSUE(2) 2023

Acknowledgements

The authors wish to appreciate all the coauthors for their
valuable contributions, most especially the technical staff
of Department Biochemistry.

Ethical Approval

All the animals received humane care according to the
conditions outlined in the 'Guide for the Care and Use of
Laboratory Animals prepared by the National Academy of
Science (NAS) and published by the National Institute of
Health. The institution approved an experimental number
ofthe researcheris BCH/20160957

References

1 Lirdprapamongkol K. Sakurai H, Kawasaki, N,
Min-king C, SaitohY, Aozuka, etal. (2005) Vanillin
suppresses in vitro invasion and in vivo metastasis of
mouse breast cancer cells. European Journal of
Pharmaceutical Sciences. 25(1):57-65.
https://doi.org/10.1016/j.ejps.2005.01.015

2 ChouTH, Ding H.Y, Hung W. J, Liang CH (2010)
Antioxidative characteristics and inhibition of

a-melanocyte-stimulating hormone-stimulated
melanogenesis of vanillin and VA from Origanum
vulgare. Expermental Dermatology. 19(8):742-750.
https://doi.org/10.1111/j.1600-0625.2010.01091.x

3 Lirdprapamongkol K, Kramb JP, Suthiphongchai
T, Surarit R, Srisomsap C, Dannhardt G. (2009)
Vanillic acid suppresses metastatic potential of human
cancer cells through PI3K inhibition and decreases
angiogenesis in vivo. Journal of Agriculture and Food
Chemistry. 57(8):3055-3063.
https://doi.org/10.1021/jf803366f

4 Amin FU, Shah SA, Kim MO. (2017) Vanillic acid
attenuates AP 1-42-induced oxidative stress and
cognitive impairment in mice. Sciences Repository.
18(1):1-15. https://doi.org/10.1038/srep40753

5 Dianat M, Hamzavi GR, Badavi M, Samarbaf-
zadeh A. (2015) Effect of vanillic acid on ischemia-
reperfusion of isolated rat heart: Hemodynamic

parameters and infarct size assays. Indian Journal of
Experimental Biology. 53(1):641-646.

6 Kapanen, A., Stephen, J. R., Briiggemann, J.,
Kiviranta, A., White, D. C., and Itdvaara, M. (2007)
Diethyl phthalate in compost: ecotoxicological effects
and response of the microbial community.
Chemosphere, 67,2201-2209.
https://doi.org/10.1016/j.chemosphere.

7 Weaver, J. A., Beverly, B. E., Keshava, N.,

Page|621


https://doi.org/10.1016/j.ejps.2005.01.015
https://doi.org/10.1038/srep40753

10

11

12

13

14

15

Mudipalli, A., Arzuaga, X., Cai, C., and Yost, E. E.
(2020) Hazards of diethyl phthalate (DEP) exposure: A
systematic review of animal toxicology studies.
Environment International. 105848.
https://doi.org/10.1016/].

Kang J. H, Katayama Y, and Kondo F. (2006)

Biodegradation or metabolism of bisphenol A: From

microorganisms to mammals. Toxicology. 217: 81 —
90.

Brede C, Fjeldal P, Skjevrak I. and Herikstad H.
(2003) Increased migration levels of bisphenol A from
polycarbonate baby bottles after dishwashing, boiling
and brushing. Food Additives and Contaminants. 20:
684—0689.

Huangl.J,Lian T. W, Wang L, Lo Y. H, and Wu M.
J (2008) Fisetin, morin and myricetin attenuate CD36
expression and oxLDL uptake in U937-derived
macrophages. Biochimicaet Biophysical Acta. 1781:
601 - 6009.
https://doi.org/10.1016ij.bbalip.2008.06.009

Lee M. H, ChaH. J, Choi E. O, Han M. H, Kim S.
0O, Kim G. Y, and Choi Y. H. (2017) Antioxidant and
cytoprotective effects of morin against hydrogen
peroxide-induced oxidative stress are associated with
the induction of Nrf-2-mediated HO-1 expression in
V79-4 Chinese hamster lung fibroblasts. International
journal of molecular medicine. 39:672-680.
https://doi.org /10.1016/].bbalip.2008.06.009

Yu S, Liu X, Yu D, Changyong E, and Yang J.
(2020) Morin protects LPS-induced mastitis via
inhibiting NLRP3 inflammasome and NF-«xB
signaling pathways. Inflammation. 43: 1293-1303.
(ISSN: 1573-2576)

Verma V. K, Malik S, Narayanan S. P, Mutneja E,
Sahu A. K, Bhatia J, and Arya D. S. (2019) Role of
MAPK/NF-kB pathway in cardioprotective effect of
Morin in isoproterenol induced myocardial injury in
rats. Molecular biology reports. 46:1139-1148.

Bachewal P, Gundu C, Yerra V. G, Kalvala A. K,
Areti A, and Kumar A. (2018) Morin exerts
neuroprotection via attenuation of ROS induced

oxidative damage and neuroinflammation in
experimental diabetic neuropathy. Biofactors, 44:109-
122. https://doi.org/10.1002/biof. 1397

Paoli P, Cirri P, Caselli A, Ranaldi F, Bruschi G,
Santi A, and Camici G. (2013) The insulin-mimetic
effect of Morin: A promising molecule in diabetes
treatment. Biochimicaet Biophysica Acta (BBA)-
General Subjects. 1830:3102-3111.16 https://doi.org/

16

17

18

19

20

21

22

23

24

25

THE NIGERIAN JOURNAL OF PHARMACY | VOL.57, ISSUE(2) 2023

10.1016/j.bbagen.2013.01.017
E. Maestri, (2021) The 3Rs principle in animal
experimentation: a legal review of the state of the art in

Europe and the case in Italy, Biotechnology 10: 9—15,
https://doi.org/10.3390/biotech10020009

Moron M. S, Depierre J. W, and Mannervik B.
(1979) Levels of glutathione, glutathione reductase
and glutathione S-transferase activities in rat lung and
liver. Biochimica et biophysica acta (BBA)-general
subjects, 582(1):67-78.
https://doi.org/10.1016/0304-4165(79)90289-7

Ellman G. L, (1959) Tissue sulthydryl groups.
Archives of biochemistry and biophysics, 82(1):70-
77. https://doi.org/10.1016/0003-9861(59)90090-
6

Zou G. L, Gui X. F, Zhong X. L, and Zhu Y. F.
(1986) Improvements in pyrogallol autoxidation
method for the determination of SOD activity. Prog.
Biochem.Biophys, 4:71-73.

Hadwan M. H, and Abed H. N. (2016) Data
supporting the spectrophotometric method for the
estimation of catalase activity. Data in brief, 6: 194-
199. https://doi.org/10.1016/j.dib.2015.12.012

Rao M. N. A. (1997) Nitric oxide scavenging by
curcuminoids. Journal of pharmacy and
Pharmacology, 49(1):105-107.
https://doi.org/10.1111/j.2042-7158.

Witko-Sarsat V, Friedlander M, Capeillere-
Blandin C, Nguyen-Khoa T, Nguyen A. T, Zingraff J,
and Descamps-Latscha B. (1996) Advanced oxidation
protein products as a novel marker of oxidative stress
in uremia. Kidney international, 49(5): 1304-1313.
https://doi.org/ 10.1038/ki.1996.186

Octavia Y, Tocchetti C.G, Gabrielson K. L,
Janssens S, Crijns H. J, Moens A. L. (2012)
Doxorubicininduced cardiomyopathy: from

molecular mechanisms to therapeutic strategies.
Journal of Molecular Cell Cardiology. 52(6):1213-
1225. https://doi.org/ 10.1016/j.yjmcc.2012.03.006
Calixto-Campos C; Carvalho T.T; Hohmann
M.SN; Pinho-Ribeiro F.A; Fattori V; Manchope M.F;
Zarpelon A.C; Baracat M.M; Georgetti S.R;
Casagrande R; and Verri W.A. (2015) Vanillic Acid
Inhibits Inflammatory Pain by Inhibiting Neutrophil

Recruitment, Oxidative Stress, Cytokine Production,
and NFxB Activation in Mice. Journal of National
.Production. 78:1799- 1808.
https://doi.org/10.1021/acs.jnatprod.5b00246

Wu G, Fang Y. Z, Yang S, Lupton J. R, and Turner

Page|622


https://doi.org/10.1016/j.envint.2020.105848
http://dx.doi.org/10.1016/j.bbalip.2008.06.009
https://doi.org/10.1016/j.bbagen.2013.01.017
https://doi.org/10.1016/0304-4165(79)90289-7
https://doi.org/10.1016/0003-9861(59)90090-6
https://doi.org/10.1016/0003-9861(59)90090-6
https://doi.org/10.1038/ki.1996.186
https://doi.org/10.1016/j.yjmcc.2012.03.006
https://doi.org/10.1021/acs.jnatprod.5b00246

26

27

28

29

30

31

32

33

34

35

THE NIGERIAN JOURNAL OF PHARMACY | VOL.57, ISSUE(2) 2023

N. D. (2004) Glutathione metabolism and its
implications for health. The Journal of nutrition,
134(3):489-492. https://doi.org/
10.1093/jn/134.3.489

Muthukumar K, Rajakumar S, Sarkar M. N, and
Nachiappan V. (2011) Glutathione peroxidase3 of
Saccharomyces cerevisiae protects phospholipids

during cadmium-induced oxidative stress. Antonie
van Leeuwenhoek, 99(4): 761-771.
https://doi.org/10.1007/s10482-011-9550-9
Marrocco I, Altieri F, and Peluso 1. (2017)
Measurement and clinical significance of biomarkers

of oxidative stress in humans. Oxidative medicine and
cellular longevity,
https://doi.org/10.1155/2017/6501046

Chelikani P, Fita I, and Loewen P. C. (2004)
Diversity of structures and properties among catalases.
Cellular and Molecular Life Sciences CMLS, 61(2):
192-208. https://doi.org/10.1007/s00018-003-3206-
5

Forstermann U. (2010) Nitric oxide and oxidative
stress in vascular disease. Pfliigers Archiv-European
Journal of Physiology, 459(6): 923-939.

Preiser J. C. (2012) Oxidative stress. Journal of
Parenteral and Enteral Nutrition, 36(2):147-154.
https://doi.org/10.1177/0148607111434963

Davey M. W, Stals E, Panis B, Keulemans J, and
R. L. (2005). High-throughput
determination of malondialdehyde in plant tissues.
Analytical biochemistry, 347(2): 201-207.
https://doi.org/ 10.1016/j.ab.2005.09.041

Singh Z, Karthigesu I. P, Singh P, and Rupinder K.
A. U R. (2014) Use of malondialdehyde as a
biomarker for assessing oxidative stress in different

Swennen

disease pathologies: a review. Iranian Journal of
Public Health, 43(3):7-16.

Ash D. E, Cox J. D, and Christianson D. W.
(2000) Arginase: a binuclear manganese
metalloenzyme. Metal ions in biological systems, 455-
476.

Ryoo S, Lemmon C. A, Soucy K. G, Gupta G,
White A. R, Nyhan D, and Berkowitz D. E. (20006).
Oxidized low-density lipoprotein—dependent
endothelial arginase II activation contributes to
impaired nitric oxide signaling. Circulation research,
999 (9 )y + 951 - 9 6 0
https://doi.org/10.1161/01.RES.0000247034.24662.b
4

Kim J. H, Bugaj L. J, Oh Y. J, Bivalacqua T. J,

36

37

38

Ryoo S, Soucy K. G, and Berkowitz D. E. (2009)
Arginase inhibition restores NOS coupling and
reverses endothelial dysfunction and vascular stiffness
in old rats. Journal of applied physiology,
107(4):1249-1257

Pernow J, and Jung C. (2013) Arginase as a
potential target in the treatment of cardiovascular
disease: reversal of arginine steal?. Cardiovascular
research, 98(3): 334-343.

LuZ, Xu X, Hu X, Lee S, Traverse J. H, Zhu G,
and Chen Y. (2010) Oxidative stress regulates left
ventricular PDES expression in the failing heart.
Circulation, 121(13):1474-1483
https://doi.org/10.1161/CIRCULATIONAHA.109.9
06818

Marcela Skvafilovd, Adam Bulava, David
Stejskal, and Josef Bartek,
(2005) Increased level of advanced oxidation products

Sylya Adamovska,

(AOPP) as a marker of oxidative stress in patients with
acute coronary syndrome. Biomedical Papers, Med
Fac University Palacky Olomouc Czech Republic.
149(10): 83-7

Page|623


https://doi.org/10.1093/jn/134.3.489
https://doi.org/10.1007/s10482-011-9550-9
https://doi.org/10.1155/2017/6501046
https://doi.org/10.1007/s00018-003-3206-5
https://doi.org/10.1007/s00018-003-3206-5
https://doi.org/10.1177/0148607111434963
https://doi.org/10.1016/j.ab.2005.09.041
https://doi.org/10.1161/CIRCULATIONAHA.109.906818
https://doi.org/10.1161/CIRCULATIONAHA.109.906818

	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10

