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ABSTRACT

Background: The oxidative deamination of amines and neurotransmitters as typified by the action
of monoamine oxidase (MAOQ) is known to be involved in psychological disorders, oxidative stress,
and many other adverse pharmacological reactions. A new series of studies have been geared
towards identifying natural inhibitors of monoamine oxidase that also possess strong antioxidant
activity. Some psychological disorders have been identified as direct implications of the breakdown
of neurotraansmitters by monoamine oxidases. The breakdown, which is biochemically an oxidative
deamination, results in the production of reactive species of aldehyde and oxygen. An
overexpression or increased activity of monomine oxidase gives rise to an increased production of
free radicals. A relatively higher production of free radicals depletes the natural antioxidants in the
brain and results in brain disorders. Inhibition of monoamine oxidase has been identified as the
major intervention to this pathological process. However, identification of therapeutic interventions
that can inibit monoamine oxidase as well as supress the activity of free radicals has been
proposed to be a major therapeutic improvement. Cocoa beans elicited significant inhibition against
free radical in addition to the substantial antioxidant activity recorded. These findings can be further
investigated to identify the major components of cocoa responsible for these molecular interactions.

Keywords: Monoamine oxidase (MAO); Anti-oxidative activity; free radicals; DTTP; ABTS; FRAP.

1. INTRODUCTION

Monoamine oxidases (MAOs) are oxidative
mitochondrial flavoenzymes that catalyze the
oxidative deamination of catecholamines and
serotonin thereby converting them into aldehydes
and ketones in a process responsible for
cognition [1-3]. During the process of oxidative
deamination, they generate H202 a source of
free radical, and reactive species of aldehydes
as end [4,5]. Monoamine oxidases are enzymes
of the mitochondria and are of two variants with
the same function; A and B [5]. The isoforms
have different locations, structural conformations,

inhibitor awareness, and enzyme-substrate
chemistry [6]. The catabolic activity of
monoamine oxidase on monoamine
neurotransmitters whose oxidative deamination
yields H20:2 reportedly represents a
distinctive source of free radicals in the
brain [7].

Cocoa is rich in phenolic antioxidants, surpassing
many other foods. The main antioxidants are
flavonoids like catechin, epicatechin, and
procyanidins [8]. These flavonoids, with their
tricyclic structure, have antioxidant properties
that combat reactive oxygen species by
neutralizing free radicals to prevent them from
causing harm, bind to Fe2+ and Cu+, hinder
enzymes, and enhance antioxidant defenses [9].
Reactive oxygen species are molecules that are
highly reactive and contains oxygen, they are a
normal byproduct of oxygen metabolism in the
cells but at high levels can be harmful. ROS have
several detrimental effects such as DNA

58

damage, protein damage and lipid peroxidation
and can also trigger inflammation and these
damages have been associated with the
development of a number of diseases such as
cancer, Alzheimer's disease, Parkinson’s
disease, and age-related macular degeneration
[10,11].

Following global consensus, Oxidative Stress is
viewed as a disproportion between the levels of
oxidants and antioxidants in a system
significantly favouring the oxidants, resulting in
interference of redox signaling and cellular
homeostasis [12-16]. Overproduction of reactive
oxygen species and depletion of molecular
antioxidant defense  mechanism activates
proinflammatory signaling pathway which is
capable of damaging crucial biomolecules such
as lipids, carbohydrates, nucleic acids, and
proteins triggering cell death [17,18]. A lot of
studies have identified the involvement of
oxidative stress in the development and
progression of several chronic illnesses that
require immediate and prolonged therapeutic
intervention [19].

Inhibition of monoamine oxidase elevates the
concentration of the monoamine
neurotransmitters present in synapses and
monoamine oxidase inhibitors can be employed
as therapeutic interventions in pathological
situations where the levels of monoamine
oxidase are abnormally high. Compounds that
inhibit monoamine oxidase terminate the
production of neurotoxic free radicals and
reactive aldehydes by halting the process of
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monoamine deamination and thus preventing
oxidative damage to the nerves [20].

Monoamine oxidase inhibitors are widely
available and employed clinically as a
therapeutic intervention for various
neurodegenerative diseases. However, these

drugs exhibit various side effects or adverse drug
reactions. Therefore, it is necessary to continue
the search for new drugs with little or no side
effects, to this end, compounds obtained from
plants have become crucial [21,22].

Different functional studies have identified cocoa
as a prolific source of several biologically active
metabolites, majorly, the polyphenols, whose
mechanisms of beneficial action have been
suggested [23,8,24]. Various phytochemical
constituents of the seed have been profiled, with
polyphenols being the most humerous groups of
compounds [25]. Interestingly, the seed has been
associated with numerous biological and
therapeutic properties such as anti-oxidative
activity, antiproliferative, antiapoptotic, anti-
inflammatory, and anti-tumorigenic activity.
Furthermore, the therapeutic effect of cocoa in
different pathological conditions has been
investigated [25].

Herein, two species of cocoa (amelonado and F3
amazon) were analyzed to determine the
monoamine oxidase inhibitory property and
antioxidant potential of cocoa beans using
different in -vitro and statistical analyses.

2. APPROACH

2.1 Sample Preparation

Ripe and unripe cocoa (Theobroma cacao) pods
of two species (Amelonado and F3 Amazon) of
Cocoa were obtained from the Cocoa Research
Institute of Nigeria (CRIN) Owenna, Ondo road,
Ondo State. Analyses were carried out at
Functional Foods and Nutraceutical unit (FFNU)
laboratory, FUTA (Federal University of
Technology) Akure. The cocoa pods were broken
and the seeds were extracted and sorted out, the
seeds’ outer coated layer were peeled and then
oven-dried at room temperature (25 °C). Extracts
were collected for both ripe and unripe cocoa
species and were tested for monoamine oxidase
inhibition and antioxidant activity.

2.2 Agueous Extract Preparation

Aqueous extract preparation was carried
according to Shodehinde and Oboh (2012) with
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slight modification. Ten gram of each cocoa
beans sample was soaked in 100 mL of distilled
water for about 24 hours. The mixture filtered
and the filtrate was centrifuged for 10 minutes to
obtain a clear supernatant liquid. The extract was
stored at 4 °C and used for further analysis. The
antioxidant tests and analyses were performed in
triplicate and results were averaged.

2.3 Brain Homogenate Preparation

Brain homogenate of cluster rat was prepared
according to Thermofisher by weighing 2ml of the
brain tissue in a microcentrifuge tube followed by
the addition of 500 pL of Cell Lysis Buffer (EPX-
99999-000) per 100 mg of tissue and the addition
of one 5-mm Stainless Steel Bead, then the
tubes were assembled into TissueLyser
Homogenize tissue at 25 Hz for 0.5-3 mins which
was then centrifuged at 16,000 x g for 10 mins at
4°C.The supernatant was then transferred into a
new microcentrifuge tube for futher analysis.

2.4 Total Phenol Content

The total phenol content was determined using
Singleton method. A significant mass of the
blended dry sample was reacted with 2.5 mL 10
% Folin-Ciocalteau’s reagent (v/v) and further by
2.0 mL of 7.5 % sodium carbonate. The mixture
was conditioned for 40 minutes at 45 °C and the
absorbance was read at 765 nm in the
spectrophotometer [26].

2.5 Total Flavonoid Content

The total flavonoid contents of the ripe and
unripe cocoa beans samples were determined
using a moderately adjusted method described
by Meda et al. [27] 0.1 mL of a significant volume
of the standard quercetin was diluted with 0.5mL
alcohol (methanol), 50 u 1 of 10% Aluminium
Chloride (AIC13), 50 uL of 1mol/lL potassium
acetate, and 1.4 mL H20. The mixture was
conditioned to incubate at 25C for 30 min.
Subsequently, the absorbance of the was
measured at 415 nm in the spectrophotometer.

2.6 The 2,2-Diphenyl-2-Picrylhydrazyl
(DPPH Free Radical Scavenging
Ability)

The ability of the samples to scavenge DPPH
(1,1-diphenyl-2-picrylhydrazyl) free radical was
evaluated, with slight adjustments. 1 mL of 0.4
mM methanolic solution of DPPH ((1,1-diphenyl-
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2-picrylhydrazyl) radicals was transferred to a
reaction medium (test tube), thereafter, 0.05 mL
of test extracts/standard quercetin was added.
The mixture was placed in a dark environment
for half an hour and the absorbance was
measured at 516 nm in the spectrophotometer.
The ability of the samples to scavenge DPPH
free radicals is then calculated [28].

Percentage inhibition = (Absorbance of
control — Absorbance of test) / Absorbance
of control x 100

2.7 The Ferric Reducing Antioxidant
Property (FRAP)

The FeCls solution reducing activity of the cocoa
beans extracts was estimated as previously
described by Oyaizu [29]. A 2.5 mL aliquot was
mixed with 2.5 mL of 200 mM sodium phosphate
buffer (pH 6.6) and 2.5 mL of 1% potassium
ferricyanide. The mixture was subsequently
centrifuged at 805 g for 10 minutes. A volume of
5 mL of the supernatant was mixed with a
proportionate volume of water and 1mL of 0.1%
ferric chloride. The mixture was conditioned and
the reaction was allowed for 30 minutes and the
absorbance was subsequently read at 700 nm.

2.8 ABTS (2, 2-azino-bis (3-
Ethylbenzothiazoline-6-SulfonicAcid)

In this study, the 2,2-azino-bis (3-
ethylbenzthiazoline-6-sulphonic  acid) radical
(ABTS) scavenging ability of the samples was
estimated using the method described by Re et
al., [30]. The ABTS radical was produced by
reacting 7 mM ABTS aqueous solution with
2.45mM of Potassium persulfate and stored in a
dark environment for 16 hours and subsequently
calibrating the absorbance at 734 nm to 0.700
with ethanol. After which, 200 mL of the diluted
sample was added to 2.0 mL ABTS solution and
the absorbance was measured at 734 nm after
15 minutes.

2.9 Monoamine Oxidases (MAO)

Monoamine oxidase activity was determined
using a slightly adjusted method recently
described [31]. In a test tube, 0.025 mol/L
phosphate buffer (pH 7.0), 0.0125 mol/L
semicarbazide, and 10 mmol/L benzylamine
were mixed with 100 pl of the brain homogenate.
The reaction mixture was incubated for 30
minutes after which acetic acid was added. The
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mixture was further incubated for 3 minutes at
100 °C and subsequently centrifuged. 1mL of the
supernatant was mixed with a proportionate
volume of 2, 4-Dinitrophenylhydrazine, and 1.25
mL of benzene was added after a 10 minutes
incubation at 25C. The benzene layer was
separated and the reaction mixture was mixed
with a proportionate volume of 0.1 N NaOH. The
layer was decanted and incubated at 80 °C for
10 minutes. The absorbance of the resulting
solution was read at 450 nm in a UVlvisible
spectrophotometer.

2.10 Lipid Peroxidation (LPO)

The 300 mL of a prepared brain homogenate
(rat) was added to 300 mL of 8.1 % sodium
dodecyl sulfate (SDS), 500 mL of acetic acid/HCI
buffer (pH 3.4), and 500 ml of 0.8 %
thiobarbituric acid (TBA). This mixture was
incubated at 100°C for 1 hr, subsequently, the
absorbance was read at 586 nm (Esterbauer et
al., 1991).

2.11 Data Visualization and Analysis

The raw data were computed into graphpad
prism 9 for visualization and analysis. Obtained
in duplicates, the data are presented as mean +
SD. One-way analysis of variance was employed
to analyze the variation in the means and
Tukey’s multiple comparison test was employed
as the post hoc test to compare the ripe and
unripe group of both species for statistical
difference (p < 0.05).

3. RESULTS
3.1 Total Phenol Content

The total phenol content found in both ripe and
unripe samples of the two cocoa beans species
analyzed (Amelonado and F3 amazon) is
presented in Fig. 1. The total phenolic contents
of ripe amelonado and ripe F3 amazon cocoa
beans were 1.42 + 0.14 mg/g and 0.267 = 0.06
mg/g respectively, while unripe Amelonado and
unripe F3 amazon cocoa beans were 2.70 %
0.04mg/g and 2.13 + 0.10mg/g. The result
showed that unripe amelonado had the highest
total phenol values (p < 0.05) while ripe amazon
had the least. Comparatively, the beans of
Amelonado species were found to have
higher phenolic content than the F3 mazon
species.
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3.2 Total Flavonoid Content

Fig. 2 shows the total flavonoid content
evaluated in both ripe and unripe samples of the
two cocoa beans species. The total flavonoid
contents of ripe Amelonado and ripe F3 amazon
were 0.46 = 0.04 mg/g and 0.72 * 0.03 mg/g
respectively while the wunripe samples of
amelonado and unripe F3 amazon were
1.04+0.03mg/g and 1.19 £ 0.01mg/g. The unripe
samples of both species had higher flavonoid
content than the ripe samples.

3.2.1 2,2-diphenyl-2-picrylhydrazyl
radical scavenging ability

(DPPH)

The radical scavenging ability of the seeds of
ripe and unripe samples of amelonado and F3
amazon cocoa beans are presented in Fig. 3.
The entrapment of the DPPH radical potentials in
the ripe samples (49.33 = 2.40 % and 42.49 +
1.02 %) of amelonado and F3 amazon
respectively were significantly higher (p < 0.05)
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Fig. 1. Total phenol content of ripe and
unripe samples of amelonado and
F3 amazon species of cocoa beans

than the unripe samples (28.57 + 1.20 % and
21.73 £ 2.19 %) of amelonado and F3 amazon
respectively.

3.3 Ferric Reducing Antioxidant Power
(FRAP)

The ferric reducing antioxidant power (FRAP) of
cocoa beans is given in Fig. 4. The result
showed a significant difference (p < 0.05) in the
values that obtained for the cocoa beans
samples. The unripe samples of amelonado and
F3 amazon had higher ferric reducing antioxidant
power than the ripe samples.

3.3.1 2, 2-azino-bis (3-ethylbenzothiazoline-6-
sulfonic acid) (ABTS)

The ABTS scavenging ability of ripe and unripe
amelonado and F3 amazon is presented in Fig.
5. There was no significant difference (p< 0.05)
in the ABTS radical scavenging potential
obtained in all the cocoa beans samples.
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Fig. 2. Total flavonoid content of ripe and
unripe samples of amelonado and F3 amazon
species of cocoa beans

R — RipeU — Unripe
Values for the groups are presented in (mean+SD)
Compared groups with (***) are statistically different at p<0.05
Compared groups with (ns) are not statistically different
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Fig. 3. DPPH radical scavenging ability of ripe ) ) ) o
and unripe samples of Amelonado and Fig. 4. Ferric reducing antioxidant power of
Amazon species of Cocoa ripe and unripe samples of amelonado and
amazon species of cocoa
R — RipeU — Unripe
Values for the groups are presented in (mean+SD)
Compared groups with (***) are statistically different at p<0.05
Compared groups with (ns) are not statistically different
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Fig. 5. ABTS radical scavenging ability of ripe
and unripe samples of amelonado and Fig. 6. LPO
amazon species of cocoa
R — RipeU — Unripe
Values for the groups are presented in (mean+SD)
Compared groups with (***) are statistically different at p<0.05
Compared groups with (ns) are not statistically different
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Fig. 7. MAO inhibition of ripe and unripe samples of amelonado and amazon species of cocoa

R — RipeU — Unripe
Values for the groups are presented in (mean+SD)
Compared groups with (***) are statistically different at p<0.05
Compared groups with (ns) are not statistically different

3.4 Lipid Perodixation

The occurrence of lipid peroxidation with the
samples in situ is presented in Fig. 6. The
observed lipid peroxidation values in the unripe
cocoa beans samples of both species
(amelonado and F3 amazon) at 87.76 = 1.50
g/mg and 83.27 + 1.71 g/mg respectively were
lower than the values evaluated in ripe cocoa
beans sample (104.08 + 2.55 g/mg and 113.06 +
1.68 g/mg respectively).

3.5 Monoamine Oxidase Inhibition

The inhibitory potentials of the samples against
monoamine oxidase are shown in Fig. 7. There
was significant difference (p < 0.05) in the
evaluated inhibitory potentials of ripe amelonado
and ripe F3 amazon at 51.76 + 1.78 % and 50.16
+ 2.23 % respectively, while unripe amelonado
and unripe F3 amazon values were 55.56 + 0.82
% and 72.09 + 1.499 % respectively. The unripe
samples (Amelonado and F3 amazon) were
found to have higher MAO inhibitory potentials
than the ripe samples.

4. DISCUSSION

Neurodegenerative diseases like Alzheimer's
disease, depression, and Parkinson disease
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conventionally incorporate an accumulation of
some polypeptides that are toxic to the nerves
and are related to the production of reactive
oxygen species and subsequently oxidative
stress [32]. In some cases, the pathophysiology
of these diseases does not only involve oxidative
stress but also a disruption in the activity of
monoamine oxidase (MAO) [33]. The breakdown
of neurotransmitters by monoamine oxidase
produces reactive and toxic species of
compounds which are the predominant source
and cause of oxidative stress in the brain [7].

The inhibition of monoamine oxidase is a
conventional target for the development of
antidepressants and has been proposed to be
linked to a corresponding neuroprotective
property [34,35]. A study on the inhibition of
monoamine oxidase showed that inhibition of
MAO substantially increased the concentration of
neurotransmitters which have been suggested to
be insufficient in executing synaptic signal
processing in depression [36,37]. It was also
noted that inhibiting monoamine oxidase may
result in some neuroprotective effects [37]. In the
light of this, drugs that are efficient in inhibiting
monoamine oxidase activity and have strong
antioxidant power have been reviewed for these
pathologies [38,39]. At the same time, the
inhibition of monoamine oxidase may elicit a



Shodehinde et al.; Asian J. Biochem. Gen. Mol. Biol., vol. 16, no. 7, pp. 57-68, 2024; Article no.AJBGMB.118721

corresponding antioxidant activity since a
substantial amount of the reactive neurotoxic
molecules are produced by monoamine oxidase
[40-41]. Cocoa seeds are highly rich in
biologically active compounds and they are in
high demand in food and drug research due to
the high concentration of these compounds [42].

The inhibitory potentials of the samples against
monoamine oxidase are shown in Fig. 7.
Ripening had no significant effect on the
monoamine oxidase inhibitory property of
Amelonado species of Cocoa, however, the
monoamine oxidase inhibitory property of the
ripe seed samples of Amazon species (50.16 *
2.23%) was significantly lower than the unripe
samples (72.09 = 1.499%). Therefore ripening
significantly reduced the monoamine oxidase
inhibitory properties of F3 Amazon species of
Cocoa.

The result of the in vitro analyses carried out on
both ripe and unripe cocoa beans samples
showed that ripening significantly (p<0.05)
reduced the flavonoid contents of the cocoa
species. It is worthy to note that the cocoa beans
of F3 amazon species in this present study had
higher flavonoid content than the amelonado
species. Different studies have shown that, in
addition to their contribution to antioxidant
prowess, flavonoids have also shown inhibitory
properties against monoamine oxidase. A recent
study showed that flavonoids from H. afrum and
C. villosus exhibited Inhibitory potentials against
human Monoamine oxidase A and B. The study
noted that the monoamine oxidase inhibitory
activity of the plants was to a large extent due to
the significant concentration of flavonoids [43]. In
another study, H. perforatum and P. harmala
were analzyed to determine the monoamine
oxidase inhibitory property. The study highlighted
that the inhibitors of monoamine oxidase-A in H.
perforatum are majorly flavonoids [38,39]. Our
present finding therefore shows that the potential
of unripe cocoa beans of the samples were
significantly higher (p < 0.05) in inhibiting
monoamine oxidase than the ripe cocoa
beans.

The analysis of total phenol content showed that
ripening reduced the total phenol in cocoa beans
as the concentration of total phenol in unripe
amelonado was significantly higher (p < 0.05)
than the value obtained in the corresponding ripe
cocoa beans. A similar trend was observed in F3
amazon. Our present finding supports the earlier
researched work in which correlation was
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identified between phenolic components and
anti-oxidant activity [44,45].

The analysis of lipid peroxidation inhibition with
the cocoa beans samples in situ showed that the
unripe samples had higher inhibition of lipid
peroxidation than the ripe samples. This finding
is an indication that unripe samples will be able
to prevent cellular injury caused by reactive
species better than the ripe samples. This further
attests to our prediction that ripening reduces the
antioxidant activity of Cocoa.

The ferric reducing ability analysis showed that
there was no significant difference between the
ferric reducing power of both ripe (3.36 + 0.04
g/mg) and unripe (3.44 + 0.03 g/mg) samples of
Amelonado species of Cocoa. Ripening does not
affect the ferric reducing antioxidant potential of
this species. However, ripening the radical
scavenging ability analysis showed no significant
difference between and among the samples.
Ripening has no significant effect on the radical
scavenging radical. On the other divide, a
different trend was observed for the radical
scavenging activity. Ripening was found to
increase the radical scavenging activity of both
species of cocoa beans samples analyzed.

The results of this present study falls in line with
the earlier and current research findings.
However a recent study by Kyriacou et al. [46].
demonstrating the effect of ripening on the
phenolics content of Ceratonia siliqua L showed
that ripening substantially reduced the total
phenolics of the plant. Similarly, another study
carried out on the degree of antioxidant activity of
different samples of olive oil also showed that the
polyphenolics and anti-oxidant activity
substantially reduced during ripening [47-48].

5. CONCLUSION

The results of this study evidently indicated that
ripening changed the biological activity of cocoa
beans with respect to antioxidant activity and
monoamine oxidase inhibition. Taking an in-
depth look at the unripe cocoa beans samples, a
significantly higher (p < 0.05) change in activity
was observed for F3 amazon species during
ripening. Of all samples analyzed, unripe
amazon seeds had the highest antioxidant
activity and possesses the best inhibitory
property against monoamine oxidase. Unripe
Amelonado possesses significant (p < 0.05)
inhibitory activity against monoamine oxidase
and may be processed and used for therapeutic
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intervention against some neurodegenerative
diseases, hence, drug discovery efforts should
be focused here. However, characterization and
further analyses are recommended to identify the
major classes of compounds responsible for the
inhibitory molecular interaction.

DISCLAIMER (ARTIFICIAL INTELLIGENCE)

Authors hereby declare that NO generative Al
technologies such as Large Language Models
(ChatGPT, COPILOT, etc) and text-to-image
generators have been used during writing or
editing of manuscripts.

ACKNOWLEGDEMENT

The authors acknowledge the Department of
Biochemistry, Faculty of Science, Adekunle
Ajasin University Akungba Akoko and Functional
Foods and Nutraceutical Unit, Federal University
of Technology, Akure for allowing the use of
equipment.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Aljanabi R, Alsous L, Sabbah DA, Gul HI,
Gul M, Bardaweel SK. Monoamine
Oxidase (MAO) as a potential target for
anticancer drug design and

development. Molecules.
2021;26(19):6019.
Available:https://doi.org/10.3390/molecules
26196019

2. Tripathi S, Mazumder PM. Neuroprotective
efficacy of apple cider vinegar on zinc-high
fat diet-induced mono amine oxidase
alteration in murine Model of AD. Journal
of the American College of Nutrition.
2021;1-10.
Available:https://doi.org/10.1080/07315724
.2021.1948933

3. Maggiorani D, Manzella N, Edmondson
DE, Mattevi A, Parini A, Binda C, Mialet-
Perez J. Monoamine oxidases, oxidative
stress, and altered mitochondrial dynamics
in cardiac ageing. Oxidative Medicine and
Cellular Longevity; 2017.
Available:https://doi.org/10.1155/2017/301
7947

4. Umbarkar P, Singh S, Arkat S, Bodhankar
SL, Lohidasan S, Sitasawad SL.
Monoamine oxidase-A is an important

65

10.

11.

source of oxidative stress and promotes
cardiac dysfunction, apoptosis, and fibrosis
in diabetic cardiomyopathy. Free Radical
Biology and Medicine. 2015;87:263-273.
Available:https://doi.org/10.1016/j.freeradbi
omed.2015.06.025

Datta C, Bhattacharjee A. Role of
monoamine oxidase A (MAO-A) in cardiac
aging. Journal of  Cardiology and
Cardiovascular Sciences. 2020;4(2).
Available:https://doi.org/10.29245/2578-
3025/2020/2.1189

Duim SN, Kurakula K, Goumans MJ,
Kruithof BP. Cardiac endothelial cells
express Wilms' tumor-1: Wt1 expression in
the developing, adult and infarcted
heart. Journal of Molecular and Cellular
Cardiology. 2015;81:127-135.
Available:https://doi.org/10.1016/j.yjmcc.20
15.02.007

Soto-Otero R, Méndez-Alvarez  E,
Hermida-Ameijeiras A, Sanchez-Sellero 1,
Cruz-Landeira A, Lamas MLR. Inhibition of
brain monoamine oxidase activity by the
generation of hydroxyl radicals potential
implications in relation to oxidative
stress. Life Sciences. 2001;69(8):879-889.
Available:https://doi.org/10.1016/s0024-
3205(01)01178-x

Lee KW, Kim YJ, Lee HJ, Lee CY. Cocoa
has more phenolic phytochemicals and a
higher antioxidant capacity than teas and
red wine. Journal of Agricultural and Food
Chemistry. 2003;51(25):7292-7295.
Available:https://doi.org/10.1021/jf0344385
Katz DL, Doughty K, Ali A. Cocoa and
chocolate in human health and disease.
Antioxidants and Redox  Signaling.
2011;15(10):2779-2811.
Available:https://doi.org/10.1089/ars.2010.
3697

Afzal S, Abdul Manap AS, Attiq A,
Albokhadaim |, Kandeel M, Alhojaily SM.
From imbalance to impairment: The central
role of reactive oxygen species in oxidative
stress-induced disorders and therapeutic
exploration. Frontiers in  Pharmacology.
2023;14:1269581.
Available:https://doi.org/10.3389/fphar.202
3.1269581

Shields HJ, Traa A, Van Raamsdonk JM.
Beneficial and Detrimental Effects of
Reactive Oxygen Species on Lifespan: A
Comprehensive Review of Comparative
and Experimental Studies. Frontiers in Cell
and Developmental Biology. 2021,
9:628157.



12.

13.

14.

15.

16.

17.

18.

19.

20.

Shodehinde et al.; Asian J. Biochem. Gen. Mol. Biol., vol. 16, no. 7, pp. 57-68, 2024; Article no.AJBGMB.118721

Available:https://doi.org/10.3389/fcell.2021.
628157

Sies H. Oxidative stress: Concept and
some practical aspects. Antioxidants.
2020;9(9):852.
Available:https://doi.org/10.3390/antiox909
0852

Ahmed MS, Ashhab MA, Haque MM, Raji
MMA, Rohman M, Juthi ZS, Islam MA.
Evaluation of In vitro Antioxidant Activities

and In vivo Antidiabetic Activity of
Hygrophila schulli  (Buch.-Ham.) Leaf
Extract. Int. J. Biochem. Res. Rev.

2024;33(3):1-13.
Available:https://journalijbcrr.com/index.ph
p/IIBCRR/article/view/859

Christian Akuodor G, Akanimo Essiet G,
Dick Essien A, Vincent Udoh F, Emeka
Ogiji D, Kingsley Nwadum S, Micheal
Nworie E. In vitro Antioxidant Activity of
Salacia lehmbachii Ethanol Root Bark
Extract. Euro. J. Med. Plants.
2017;18(4):1-6.
Avalilable:https://journalejmp.com/index.ph
p/EJMP/article/view/128

Ohmori R, lwamoto T, Tago M, Takeo T,
Unno T, Itakura H, Kondo K. Antioxidant
activity of various teas against free radicals
and LDL oxidation. Lipids. 2005;40(8):849-
53.

Hung YC, Sava VM, Makan SY, Chen TH,
Hong MY, Huang GS. Antioxidant activity
of melanins derived from tea: Comparison
between different oxidative states. Food

Chemistry. 2002;78(2):233-40.

Bhatt S, Nagappa AN, Patil CR. Role of
oxidative stress in  depression. Drug
Discovery Today. 2020;25(7):1270-1276.
Available:https://doi.org/10.1016/j.drudis.2
020.05.001

Cakmak KC, Giilgin i. Anticholinergic and
antioxidant activities of usnic acid-An
activity-structure insight. Toxicology
Reports. 2019;6:1273-1280.
Available:https://doi.org/10.1016/j.toxrep.2
019.11.003

Garcia-Sanchez A, Miranda-Diaz AG,
Cardona-Mufoz EG. The role of oxidative
stress in physiopathology and
pharmacological treatment with pro-and
antioxidant properties in chronic
diseases. Oxidative Medicine and Cellular
Longevity; 2020.
Available:https://doi.org/10.1155/2020/208
2145

Kristal BS, Conway AD, Brown AM, Jain
JC, Ulluci PA, Li SW, Burke WJ. Selective

66

21.

22,

23.

24,

25,

26.

dopaminergic vulnerability: 3, 4-
dihydroxyphenylacetaldehyde targets
mitochondria. Free Radical Biology and
Medicine. 2001;30(8):924-931.
Available:https://doi.org/10.1016/S0891-
5849(01)00484-1

Tripathi AC, Upadhyay S, Paliwal S, Saraf
SK. Privileged scaffolds as MAO inhibitors:
Retrospect and  prospects. European
Journal of Medicinal Chemistry.
2018;145:445-497.
Available:https://doi.org/10.1016/j.ejmech.
2018.01.003.

Mazumder MK, Borah A, Choudhury S.
Inhibitory potential of plant secondary
metabolites on anti-Parkinsonian drug
targets: Relevance to pathophysiology,
and motor and non-motor behavioural
abnormalities. Medical Hypotheses.
2020;137:109544.
Available:https://doi.org/10.1016/j.mehy.20
19.109544

Quifiones M, Sanchez D, Muguerza B,
Miguel M, Aleixandre A. Mechanisms for
antihypertensive effect of CocoanOX, a
polyphenol-rich cocoa powder, in
spontaneously hypertensive rats. Food
Research International. 2011;44(5):1203-
1208.
Available:https://doi.org/10.1016/j.foodres.
2010.10.032

Giiltekin-Ozgiiven M, Berktas |, Ozgelik B.
Change in stability of procyanidins,
antioxidant capacity and In-vitro
bioaccessibility during processing of cocoa
powder from cocoa beans. LWT-Food
Science and Technology. 2016;72:559-
565.
Available:https://doi.org/10.1016/j.lwt.2016.
04.065

Cinar zO, Atanassova M, Tumer TB,
Caruso G, Antika G, Sharma S, Pezzani R.
Cocoa and cocoa bean shells role in
human health: An updated review. Journal
of Food Composition and Analysis.
2021;104115.
Available:https://doi.org/10.1016/j.jfca.202
1.104115

Singleton VL, Orthofer R, Lamuela-
Raventés RM. Analysis of total phenols
and other oxidation substrates and
antioxidants by means of folin-ciocalteu
reagent. Methods in Enzymology.
1999;299:152-178.
Available:https://doi.org/10.1016/s0076-
6879(99)99017-1



27.

28.

29.

30.

31.

32.

33.

34.

Shodehinde et al.; Asian J. Biochem. Gen. Mol. Biol., vol. 16, no. 7, pp. 57-68, 2024; Article no.AJBGMB.118721

Meda A, Lamien CE, Romito M, Millogo J,
Nacoulma OG. Determination of the total
phenolic, flavonoid and praline contents in
Burkina Fasan honey, as well as their
radical scavenging activity. Food Chem.
2005;91:571-577.
Available:https://doi.org/10.1016/j.foodche
m.2004.10.006

Gyamfi MA, Yonamine M, Aniya Y. Free-
radical scavenging action of medicinal
herbs from Ghana: Thonningia sanguinea
on experimentally-induced liver
injuries. General Pharmacology: The
Vascular System. 1999;32(6):661-667.
Available:https://doi.org/10.1016/s0306-
3623(98)00238-9

Oyaizu M. Studies on products of browning
reaction: Antioxidative activity of products
of browning reaction prepared from
glucosamine. Japanese. Journal of
Nutrition. 1986;44:307—-315.
Avalilable:https://doi.org/10.5264/eiyogakuz
ashi.44.307

Re R, Pellegrini N, Proteggente A, Pannala
A, Yang M, Rice-Evans C. Antioxidant
activity applying an improved ABTS radical
cation decolorization assay. Free Radical
Biology and Medicine.  1999;26(9-
10):1231-1237.
Available:https://doi.org/10.1016/s0891-
5849(98)00315-3

Green AL, Haughton TM. A colorimetric
method for the estimation of monoamine
oxidase. Biochemical Journal.
1961;78(1):172-175.
Available:https://doi.org/10.1042/bj078017
2

Li J, Li W, Jiang ZG, Ghanbari HA.
Oxidative stress and neurodegenerative
disorders. International Journal of
Molecular Sciences. 2013;14(12):24438-
24475,
Available:https://doi.org/10.3390/ijms14122
4438

Carraro Junior LR, Alves AG, Rech TDST,
Campos Janior JC, Siqueira GM, Cunico
W, Bortolatto CF.
Three-(pyridin-2-yl)-2-(pyridin-2-ylimino)
thiazolidin-4-one as a novel inhibitor of
cerebral MAO-B activity with antioxidant
properties and low toxicity
potential. Journal of Biochemical and
Molecular Toxicology. 2021;e22833.
Available:https://doi.org/10.1002/jbt.22833
Baker G, Matveychuk D, MacKenzie EM,
Holt A, Wang Y, Kar S. Attenuation of the
effects of oxidative stress by the MAO-

67

35.

36.

37.

38.

39.

40.

41.

inhibiting antidepressant and carbonyl
scavenger phenelzine. Chemico-Biological
Interactions. 2019;304:139-147.
Available:https://doi.org/10.1016/j.chi.2019
.03.003

Youdim MB, Edmondson D, Tipton KF.
The therapeutic potential of monoamine
oxidase inhibitors. Nature Reviews
Neuroscience. 2006;7(4):295-309.
Available:https://doi.org/10.1038/nrn1883
Blier P. Neurobiology of depression and
mechanism of action of depression
treatments. The  Journal of  Clinical
Psychiatry. 2016;77(3):0-0.
Available:https://doi.org/10.4088/JCP.1309
7tx3c

Matveychuk D, MacKenzie EM, Kumpula
D, Song MS, Holt A, Kar S, Baker GB.
Overview of the neuroprotective effects of
the MAO-Inhibiting Antidepressant
Phenelzine. Cellular and Molecular
Neurobiology. 2021;1-18.
Available:https://doi.org/10.1007/s10571-
021-01078-3

Gllcan HO, Orhan IE. The main targets
involved in neuroprotection for the
treatment of Alzheimer's disease and

Parkinson disease. Current
Pharmaceutical Design. 2020;26(4):509-
516.

Available:https://doi.org/10.2174/13816128
26666200131103524

Gllcan HO, Orhan IE. The main targets
involved in neuroprotection for the
treatment of Alzheimer's disease and

Parkinson disease. Current
Pharmaceutical Design. 2020;26(4):509-
516.

Available:https://doi.org/10.2174/13816128
26666200131103524

Herraiz T, Guillén H. Monoamine oxidase-
A inhibition and associated antioxidant
activity in plant extracts with potential
antidepressant actions. Bio Med Research
International; 2018.
Available:https://doi.org/10.1155/2018/481
0394

Herraiz T, Flores A, Fernandez L. Analysis
of monoamine oxidase (MAO) enzymatic
activity by  high-performance liquid
chromatography-diode array detection
combined with an assay of oxidation with a
peroxidase and its application to
MAO inhibitors from foods and plants.
Journal of Chromatography B.
2018;1073:136-144.



42.

43.

44,

45,

Shodehinde et al.; Asian J. Biochem. Gen. Mol. Biol., vol. 16, no. 7, pp. 57-68, 2024; Article no.AJBGMB.118721

Available:https://doi.org/10.1016
jchromb.2017.12.004/jS

Kongor JE, Hinneh M, Van de Walle D,
Afoakwa EO, Boeckx P, Dewettinck K.
Factors influencing quality variation in
cocoa (Theobroma cacao) bean flavour
profile—A review. Food Research
International. 2016;82:44-52.
Available:https://doi.org/10.1016/j.foodres.
2016.01.012

Larit F, Elokely KM, Chaurasiya ND,
Benyahia S, Nael MA, Ledn F, Cutler SJ.
Inhibition of human monoamine oxidase A
and B by flavonoids isolated from two
Algerian medicinal plants. Phytomedicine.
2018;40:27-36.
Available:https://doi.org/10.1016/j.phymed.
2017.12.032

Cook NC, Samman S. Flavonoids—
chemistry, metabolism, cardioprotective
effects, and dietary sources. The Journal
of Nutritional Biochemistry. 1996;7(2):66-
76.

Available:https://doi.org/10.1016/0955-
2863(95)00168-9

Ge X, Jing L, Zhao K, Su C, Zhang B,
Zhang Q, Li W. The phenolic compounds
profile, guantitative analysis and

46.

47.

48.

antioxidant activity of four naked barley
sgrains  with different color. Food
Chemistry. 2021;335:127655.
Available:https://doi.org/10.1016/j.foodche
m.2020.127655

Kyriacou MC, Antoniou C, Rouphael Y,
Graziani G, Kyratzis A. Mapping the
primary and secondary metabolomes of
Carob (Ceratonia siliqgua L.) fruit and its
postharvest antioxidant potential at critical
stages of ripening. Antioxidants.
2021;10(1):57.
Available:https://doi.org/10.3390/antiox100
10057

Wang Y, Yu L, Zhao A, Karrar E, Zhang H,
Jin Q, Wang X. Quality characteristics and
antioxidant activity during fruit
ripening of three Monovarietal olive oils
cultivated in  China. Journal of the
American Oil Chemists' Society. 2021;
98(3):229-240.
Available:https://doi.org/10.1002/aocs.124
49

Edmondson DE, Binda C. Monoamine
oxidases. Membrane protein complexes:
Structure and function. 2018;117-139.
Available:https://doi.org/10.1007/978-981-
10-7757-9_5

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are
solely those of the individual author(s) and contributor(s) and not of the publisher and/or the editor(s).
This publisher and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions or products referred to in the content.

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/118721

68


https://www.sdiarticle5.com/review-history/118721

