International Neuropsychiatric
isease Journal

,~, International Neuropsychiatric Disease Journal
]

x Volume 21, Issue 6, Page 118-135, 2024; Article no.INDJ.127870
ISSN: 2321-7235, NLM ID: 101632319

Neuroprotective Effects of Curcuma
longa and Rosmarinus officinalis
Extracts on Oxidative Stress and

Inflammation in the Brains of
Alcohol-treated Rats

Okwakpam, F. N &, Wopara, | 3, Ofuru, V.O ?, Nzor, J ¢
and Igwe, F.U @

a Department of Biochemistry, Faculty of Science, Rivers State University, Nkpolu-Oroworukwo,

Port Harcourt, Nigeria.
b Department of Surgery, Faculty of Clinical Sciences, Rivers State University, Nkpolu-Oroworukwo,

Port Harcourt, Nigeria.
¢ Department of Biochemistry, Faculty of Science, Gregory University, Uturu, Abia State, Nigeria.

Authors’ contributions

This work was carried out in collaboration among all authors All authors read and approved the final
manuscript.

Article Information

DOI: https://doi.org/10.9734/indj/2024/v21i6459

Open Peer Review History:

This journal follows the Advanced Open Peer Review policy. Identity of the Reviewers, Editor(s) and additional Reviewers,
peer review comments, different versions of the manuscript, comments of the editors, etc are available here:
https://www.sdiarticle5.com/review-history/127870

Received: 07/10/2024

Original Research Article Accepted: 09/12/2024
Published: 11/12/2024

*Corresponding author: E-mail: okwakpam.felicia@ust.edu.ng;

Cite as: F. N, Okwakpam, Wopara, I, Ofuru, V.O, Nzor, J, and Igwe, F.U. 2024. “Neuroprotective Effects of Curcuma Longa
and Rosmarinus Officinalis Extracts on Oxidative Stress and Inflammation in the Brains of Alcohol-Treated Rats”. International
Neuropsychiatric Disease Journal 21 (6):118-35. https://doi.org/10.9734/indj/2024/v21i6459.


https://doi.org/10.9734/indj/2024/v21i6459
https://www.sdiarticle5.com/review-history/127870

Okwakpam et al.; Int. Neuropsy. Dis. J., vol. 21, no. 6, pp. 118-135, 2024; Article no.INDJ.127870

ABSTRACT

Background: Neurological disorders remain a global health challenge. Chronic alcohol
consumption induces damage to the brain that can cause various forms of dementia. An
abundance of acetaldehyde is produced by excessive alcohol consumption and accumulates in the
body to induce oxidative stress, apoptosis, and inflammation in neuronal cells, which results in brain
damage leading to memory loss. This study is aimed at investigating the effect of mixed ethanol
extract of Curcuma longa rhizome and Rosmarinus officinalis leaf on oxidative stress and
proinflammatory markers in the brain of alcohol- treated male Wistar rats.

Methods: Twenty-five male Wistar rats were divided into five groups: control, mixed extract only
(600 mg/kg), alcohol only (15 mi/kg of 40% ethanol), and mixed extract + alcohol groups at 300
mg/kg and 600 mg/kg doses. Treatments were administered orally for 21 days. Brain homogenates
were analyzed for superoxide dismutase (SOD), catalase, glutathione peroxidase (GPx), reduced
glutathione (GSH), malondialdehyde (MDA), tumor necrosis factor-alpha (TNF-a), interleukin-1 beta
(IL-1B8), and AChE activity. Histopathological evaluations assessed neuroprotective effects.
Results: Alcohol administration significantly decreased SOD (16.2 £+ 1.3 U/mg protein), catalase
(12.8 £ 0.9 U/mg protein), GPx (10.7 £ 0.8 U/mg protein), and GSH (9.2 + 0.6 mg/g protein)
compared to the control group (32.8 + 2.2 U/mg, 23.5+ 1.7 U/mg, 18.9 + 1.2 U/mg, and 18.3 + 1.1
mg/g, respectively; p<0.05). MDA levels increased to 7.6 + 0.3 nmol/mg protein compared to 2.8 +
0.2 nmol/mg in the control group. Treatment with 600 mg/kg of mixed extracts significantly restored
SOD (31.5 + 2.4 U/mg), catalase (22.6 + 1.4 U/mg), GPx (17.8 £+ 1.0 U/mg), GSH (17.4 £ 1.2 mg/q),
and reduced MDA (3.2 = 0.3 nmol/mg; p<0.05). TNF-a and IL-1B levels were elevated in alcohol-
only rats (123.5 + 4.3 pg/mL and 85.6 + 3.2 pg/mL) compared to controls (68.3 + 2.8 pg/mL and
43.2 £ 1.7 pg/mL, p<0.05) but were significantly reduced with mixed extract treatment.
Histopathological analyses confirmed reduced neurodegeneration and restoration of normal brain
architecture in treated groups.

Conclusion: The mixed extract demonstrated significant neuroprotective effects by mitigating
oxidative stress, inflammation, and neuronal damage in alcohol-treated rats. These findings
suggest its potential as a therapeutic candidate for preventing alcohol-induced dementia.

Keywords: Alcohol; dementia; Curcuma Rosmarinus officinalis; oxidative

proinflammatory markers.

longa; stress;

1. INTRODUCTION

“Alzheimer’s disease is the most common form of
dementia, accounting for 60% to 80% of
dementia cases, according to the Alzheimer's
Association” [1]. “Currently, more than 57 million
people live with dementia worldwide, and this
number is expected to increase to more than 152
million by 2050” [2]. “Among the several kinds of
dementia, substance-induced persisting
dementia, which may be due to drug abuse,
medication, or toxin exposure is on the increase”
[3]. “A number of toxins have been reported to
cause dementia, but the principal one in most
societies is alcohol (ethanol). As classified by the
World Health Organization (WHO), alcohol use is
the third-highest health risk factor in developed
countries and the greatest risk factor in
developing countries” [4].

“Overindulging in alcohol has been shown to
have detrimental consequences on both short-
and long-term health, including the possibility of

developing dementia or Alzheimer's disease due
to brain damage [5-9]. “Alcoholic dementia is a

disorder characterized by multiple cognitive
deficits that include memory impairment
associated with one or more cognitive

disturbances” [10]. “Studies have showed that
even modest amounts of alcohol can accelerate
brain atrophy, which is the loss of brain cells, and
increase the number of amyloid plaques, which
are the accumulation of toxic proteins in
Alzheimer’s disease” [11].

“Oxidative stress is fundamental to the etiology of
many diseases including Alcoholic dementia”
[12]. Alcohol generates reactive oxygen species
(ROS) whether it is consumed acutely or
chronically [13]. “Studies have showed that in
Alcoholic dementia, alcohol utilizes oxidative
stress as one of the main tools to wreak havoc in
the central nervous system” [14]. “Alcohol can
easily cross the cell membranes, including the
blood-brain  barrier.  Primarily, alcohol is
metabolized by alcohol dehydrogenase (ADH)
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and Cytochrome P450 (CYP450) in the liver”
[15]. The brain is devoid of ADH [12], “hence
alcohol metabolism in brain is predominantly
facilitated by CYP450 subtype 2E1 (CYP2E1)”
[16]. “CYP2E1 is localized in various cellular
sites, including the plasma membrane,
endoplasmic reticulum (ER), Golgi
apparatus and highly expressed in the
mitochondria. By-products of alcohol metabolism
by CYP2E1 are acetaldehyde and reactive
oxygen species (ROYS), like radical
superoxide anion (0O2-) and hydrogen peroxide”
[13,16].

“Aside from CYP2E1, lipopolysaccharides (LPS),
a serum bacterial endotoxin also was associated
with alcohol consumption and oxidative stress.
LPS-induced oxidative stress promotes ROS
production by activating nicotinamide adenine
dinucleotide phosphate (NADH) oxidase (NOX).
Oxidative stress refers to an imbalance of the
redox system characterized by excessive level of
free radicals and impaired antioxidant system.
Prolonged alcohol drinking worsens oxidative
stress affecting the whole cell, or specific cellular
constituents including proteins, lipids, and DNA”
[17]. “The brain is one of the most metabolically
active organs and thus, it is profoundly
susceptible to oxidative stress, owing to its high
demand for oxygen consumption and low levels
of endogenous antioxidants to eliminate free
radicals” [18]. “Excessive ethanol exposure in
animals also induces inflammatory mediators
and brain damage via activation of the innate
immune receptor, toll-like receptor 4 (TLR4), in
glial cells” [19], and inflammation through TLRs
further drives ROS production and mitochondrial
damage [20]. “Reduced acetylcholine levels have

been implicated in AD pathology” [21].
“Acetylcholinesterase, the predominant
cholinesterase in the brain, hydrolyzes

acetylcholine to choline and acetate, thereby
terminating the effect of this neurotransmitter at
cholinergic synapses. Therefore,
acetylcholinesterase is the  target  of
cholinesterase inhibitors used for addressing the
cholinergic deficit in AD patients.

Several chemical agents are generally used in
AD treatment such as Aniracetam, Oxiracetam,
Pramiracetam, Piracetam and Choline esterase
inhibitors like Donepezil, but the side effects of
these agents have made their applicability
limited” [22]. “Herbal remedies are traditionally
used all over the world to enhance poor memory
and related ailments” [23,24]. The increasing
demand for herbal remedies worldwide is

because herbal compounds have lesser or no
side effects than any other chemical compound.
Several medicinal plants such as Curcuma longa
(C. longa) and Rosmarinus officinalis (R.
officinalis) and their extracts have shown
nootropic  properties or memory-enhancing
properties by suitable character of their medicinal
components [25].

R. officinalis (Rosemary) a member of the mint
family Lamiaceae, is a fragrant evergreen herb
native to the Mediterranean. It is used as a
culinary condiment, to make bodily perfumes,
and for its potential health benefits. Since the
beginning of time, the herb has been praised for
its healing abilities. In the past, people have used
R. officinalis to relieve muscle discomfort,
stimulate blood flow into the brain, enhance
memory and focus, strengthen the immune and
circulatory systems, and encourage hair
development [26]. Furthermore, the anticancer
prevention, antiaging, anti-inflammatory and
antioxidant properties, antiulcer effect of R.
officinalis leaf have also been documented [27].
C. longa (Turmeric), sometimes called Indian
saffron or the golden spice, is a tall plant that
grows in Asia and Central America. C. longa is
the spice that gives curry its yellow color. The
spice may be the most effective nutritional
supplement in existence, it has been used in
India for thousands of years as both a spice and
medicinal herb. In recent years, science has
begun to support traditional claims that turmeric
contains bioactive compounds with medicinal
properties. C. longa and its major compound of
interest, curcumin, has been extensively studied
to treat a variety of diseases and ailments. The

abilty of C. longa rhizome to reduce
inflammation, increase antioxidant capacity,
increase brain-derived neurotrophic  factor,

decrease the risk of heart disease, prevent
cancer, and help treat Alzheimer's disease have
also been documented [28-30]. In addition to
helping combat chronic diseases linked to aging
and delaying aging, C. longa rhizome protective
effect against depression has also been
demonstrated [26].

“Multiple studies in rodents and humans have
shown that curcumin crosses the blood brain
barrier. However, its main drawback is the low

bioavailability due to poor solubility, low
absorption, rapid metabolism, and rapid
excretion” [31,32]. “This obstacle may be
overcome through the use of combination

treatments with other extracts that improve
bioavailability or hinder additional pathways” [33].
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Synergistic interactions between the compounds
of medicinal plant extracts are a vital part of their
therapeutic efficacy [34,35]. Levine et al. [36] and
Mohamed et al. [37] have demonstrated that
plants such as R. officinalis that have potent anti-
inflammatory and antioxidant effect can positively
support the action of Curcuma longa due to a
greater increase in intracellular curcumin
accumulation when the combination treatment
was used. However, whether this synergic
interaction will be effective in neurological
disorders in animal model has not been tested to
the best of our knowledge. If no new treatment
methods are created to slow down, stop, or
prevent AD, the predicted total healthcare
expenses for AD treatment in 2021 will rise to
more than $1.1 trillion by 2050 due to an aging
population.

This study addresses the global challenge of
neurological disorders by exploring the
therapeutic potential of Curcuma longa (C. longa)
and Rosmarinus officinalis (R. officinalis). While
synthetic treatments face limitations due to side
effects, C. longa and R. officinalis offer promising
anti-inflammatory, antioxidant, and
neuroprotective properties. This research aims to
evaluate their synergistic effects on biochemical
markers of alcohol-induced brain damage,
addressing a critical gap in neurotherapeutic
interventions.

2. MATERIALS AND METHODS
2.1 Experimental Animals

For this study, forty-three (43) male Wistar rats
weighting between 140-160g obtained from the
animal house of the Department of Biochemistry,
University of Port Harcourt and transferred to the
animal house of the Department of Biochemistry,
Rivers State University, Port Harcourt, Nigeria.
The rats were initially acclimatized for a period of
2 weeks after their purchase. They were housed
in wooden cages placed in a well-ventilated rat
house. Rats were provided with rat pellets and
unlimited supply of water. All the animals
received humane care according to the criteria
outlined in the ‘Guide for the Care and Use of
Laboratory Animals’ prepared by the National
Academy of Science and published by the
National Institute of Health. The experimental
protocol was permitted by the Institutional Animal
Care and Use Committee of Rivers State
University.

2.2 Plant Materials

Plants materials including C. longa rhizome and
R. officinalis leaf were obtained from a popular
vegetable market at Obigbo, Oyibo LGA, Rivers
State, Nigeria. The identity of the plants was
confrmed by a plant taxonomist at the
Department of Plant Science and Biotechnology,
Faculty of Science, Rivers State University.
Voucher specimens were deposited in the
herbarium of the Department of Plant Science
and Biotechnology, Rivers State University.

2.3 Preparation of Extracts

For the preparation of extracts, the method used
by ljioma et al. [38] was adopted. Briefly, each
air-dried sample was pulverized using a manual
blender. Two hundred grams of the powdered
sample was macerated in 1.5 liters of 96%
ethanol within 48 hours and filtered, first with a
clean handkerchief and then a filter paper. The
filtrate so obtained was concentrated in a hot air
oven at 40°C to obtain the extract of C. longa
which weighed 6.79 g and represented a 3.40
percentage extract yield. For R. officinalis, same
procedures were followed but 9.35 g extract was
obtained, representing an extract yield of 4.68%.
A strong congealed jelly-like residue for C. longa
and a powder-like residue for R. officinalis. The
extracts so obtained were preserved in a
refrigerator until use. A 1:1 ratio of C. longa and
R. officinalis was used for this study.

2.4 Acute Toxicity Evaluation

Acute toxicity tests on the extracts were carried
out in accordance with the new Lore’s method
used by Orieke et al. [39]. For each extract, 2
phases of tests were involved. In the first phase,
9 rats assigned to 3 groups (A, B and C) of 3 rats
each were administered via the oral route, 10,
100 and 1000 mg/kg of the extract respectively.
When no mortality was observed across the
groups after 24 hours, the study proceeded to
the second phase. In the second phase, another
set of 9 rats also assigned to 3 groups as
mentioned earlier were treated with 1600, 2900
and 5000 mg/kg of extract respectively. With no
mortality still observed, 5000 mg/kg was
repeated on a last set of 3 rats. These rats were
thereafter observed within 24 hours and a
further 7 days. Lorke’s formula was employed in
the final determination of the LDso values of the
extracts.
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Fig. 1. Rosmarinus officinalis leaf and Curcuma longa rhizome

Table 1. Experimental and treatment design

Group No.of Animals  Administered Dose

1 5 control: distilled water (vehicle)

2 5 600mg/kg body weight of mixed extract of R. officinalis leaf and C.
longa rhizome

3 5 15ml/kg of 40% ethanol

4 5 300mg/kg of body weight of mixed extract + 40% ethanol

5 5 600mg/kg of body weight of mixed extract + 40% ethanol

2.5 Experimental Design

The twenty-five (25) male Wistar rats were
randomly allocated to five groups consisting of
five rats each. See Table 1 for treatment
approach.

The dose of ethanol used in this study is well
documented to induce neuro toxicity and
oxidative damage in rats (Hamid et al., 2018),
while the 300mg or 600mg/kg of mixed extract of
C. longa rhizome and R. officinalis leaf was
extrapolated from acute toxicity result (LDso
>5000mg/kg).

2.6 Sample Collection for Biochemical

Analysis

Treatment was done by the oral route and lasted
for twenty-one (21) days. On the last day of drug
administration, the animals were fasted
overnight, weighed and three (3) animals from
each group were sacrificed via cervical
dislocation. Whole brain organs were excised,
weighed and placed in a clean sample bottle
containing phosphate buffer solution for the

preparation of homogenates. This is to prevent
the breakdown of the antioxidant enzymes in the
organ. Portions of the brain samples were also
preserved in 10% formalin for histopathological
examination.

2.7 Preparation of Brain Homogenates

One gram of the brain tissue was homogenized
in 5 ml of 0.5 M phosphate buffer (pH 7.4)
solution using a laboratory mortar and pestle.
The homogenized sample was then centrifuged
(Model No. Yp-502N) at 10,000 g for 20 min at 4
°C. The clear supernatant from the brain
homogenate was then transferred into a clean
plane bottle and labeled appropriately. The
supernatants from brain homogenate were used
for biochemical analysis.

2.8 Antioxidant Enzymes AD Oxidative
Stress Biomarkers

The activities of superoxide dismutase
(E.C.1.15.1.1) and Catalase (CAT,
E.C.1.11.1.6.) glutathione were measured by
using the sensitive rat SOD Enzyme-linked
Immunosorbent Assay (ELISA) kit KT-60703
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(Kamiya Biomedical Company) and MBS701713
(MyBiosource inc, Company, Southern
California, USA) respectively, with the aid of
ELISA kit Microplate Reader according to the
manufacturer’s protocol. Reduced glutathione
(GSH) content of brain tissues homogenate
were determined using a high sensitivity and
excellent specificity rat glutathione enzyme-
linked immunosorbent assay (ELISA) Kit
MBS724319 (MyBiosource.com Company, San
Diego, CA. USA) while the Malondialdehyde
(MDA) level of cardiac tissues homogenate was
measured as index of lipid peroxidation using
high specificity ELISA kit MBS9389391 (My
BioSource Inc., Company, San Diego, CA. USA)
and presented as activity units per mg of protein
(units/mg proteins).

2.9 Proinflammatory Markers

Two proinflammatory cytokines, interleukin-1lbeta
(IL-1B) and tumor necrosis factor-alpha (TNF-a),
were examined in the supernatant using
commercially accessible enzyme-linked
immunosorbent assay (ELISA) kits subsequent
to the instructions described by the
manufacturer (CUSABIO, Biotechnology
Company Sweden). The obtained values were
presented in pg/mL.

Protein quantification: Total Protein in the
cardiac tissue was quantified using Randox Kkit
Biuret method as described by Tietz [40] with
bovine serum albumin as the standard and
expressed as mg protein/ml.

2.10 Acetylcholinesterase
Inhibition Assay

(AChE)

The AChE inhibitory activities of the Lamiaceae
extracts and their phenolic acid constituents were
determined using modified Ellman’s colorimetric
method described by Conforti et al. [41]. In brief,
1900 pL of 50 mM Tris-HCI buffer (pH 8.0), 40 pL
of 0.02 U/mL AChE and 20 pL of tested solution
(0.25-1 mg/mL) were mixed and pre-incubated
for 30 min at 4 °C. The reaction was then
initiated with the addition of 20 yL of 10 mM
DTNB and 20 pL of 12 mM ATChl. AChE activity
was determined spectrophotometrically through
measuring the change in ultraviolet absorbance
of an assay solution at 412 nm over a period of
10 min at 25 °C. Physostigmine (0.03—1 pg/mL)
was used as positive control. The experiment
was run in triplicate. Percentage enzyme

inhibition was calculated by comparing the
enzymatic activity with, and without inhibitor. The
result of AChE inhibition was calculated using the
following formula and then, ICso values were
determined for each sample.

9%AChE inhibition

_ 1- (ODsample - ODcontrol)

x 100
ODblank - ODcontrol)

2.11 Histological Examination

Tissue samples from the brain were fixed in 10%
formalin, embedded in paraffin wax. The
obtained tissue sections were collected on glass
slide, deparaffinized in xylene, hydrated in
descending series of ethyl and stained by
hematoxylin stain dehydrated with ethyl alcohol.
The slides were viewed under a light microscope
(Nikon Ci-S, type 104c), and selected images
were captured using moticam 2.0 digital camera
attached to a Toshiba computer screen
computer.

2.12 Statistical Analysis

All experimental data were expressed as mean +
standard deviation (SD) for five animals in each
group, with the aid of Microsoft Excel 2016
(Roselle, lll., USA). Significant differences were
analyzed using one-way ANOVA with Tukey's
multiple comparison tests. The results obtained
were considered as statistically significant if
p<0.05.

3. RESULTS

Results of acute toxicity evaluation of the
mixed ethanol extract of Curcuma longa
rhizome and Rosmarinus officinalis leaf: No
mortality was observed in all stages of acute
toxicity tests carried out on both extracts, even at
5000 mg/kg oral dose level. Toxicity signs like
aggression, agitation, calmness, display of
writhing  reflexes, convulsions, roughness
of hairs were also not observed across the
groups. The animals instead remained active and
stable throughout the test period of 24 hours
(Table 2) and a further 7 days (Table 3).
Therefore, the oral LDso of mixed ethanol
extract of C. longa rhizome and R.
officinalis leaf in Wistar rat was greater than 5000
mg/kg.
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Table 2. Phase 1 LDso results

Group Dose (mg/kg)

No. of death

Observation

1 10

2 100

3 1000

0/3

0/3

0/3

Animals were active and physically stable. Signs of
toxicity like agitations, roughness of hairs,
depression, writhing reflexes and death were absent.
Animals were active and physically stable. Signs of
toxicity like agitations, roughness of hairs,
depression, writhing reflexes and death were absent.
Animals were active and physically stable. Signs of
toxicity like agitations, roughness of hairs,
depression, writhing reflexes and death were absent.

Table 3. Phase 2 LDso results

Group Dose (mg/kg)

No. of death

Observation

1 1600

2 2900

3 5000

0/3

0/3

0/3

Animals were active and physically stable. Signs of
toxicity like agitations, roughness of hairs, depression,
writhing reflexes and death were absent.

Animals were calm and physically inactive for about
25 minutes but regained physical activity thereafter.
Signs of toxicity like agitations, roughness of hairs,
depression, writhing reflexes and death were absent.
Animals were calm and physically inactive for about 2
hours, but regained physical activity thereafter. Signs
of toxicity like agitations, roughness of hairs,
depression, writhing reflexes and death were absent.

© Lo N
(9] = (0] N (9]
—

o

Control

% Relative brain weight

mixed extract 600

LDso > 5000 mg/kg body weight

Relative brain weight

mg/kg

mixed extract 600
mg/kg + ethanol
40%

mixed extract
300mg/kg +
ethanol 40%

Ethanol 40%

Treatment groups

Fig. 2. Effect of mixed ethanol extract of Curcuma longa rhizome and Rosmarinus officinalis
leaf on relative organ weight in alcohol —induced oxidative damage in adult male Wistar rats
Values are presented as mean + standard deviation (n = 5). Bars with different letter superscripts are significantly

different (p < 0.05)

Effect of treatment with mixed ethanol extract
of Curcuma longa rhizome and Rosmarinus
officinalis leaf on relative brain weight: There
was no significant difference in brain weight
(relative to body weight) in all tested groups
when compared to the control (Fig. 2).

Effect of treatment with mixed ethanol extract
of Curcuma longa rhizome and Rosmarinus
officinalis leaf on brain homogenate oxidative
stress and antioxidant enzymes activities in
alcohol- induced oxidative damage: Alcohol
administration caused a significant decrease
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(p>0.05) in brain tissue activity of SOD, catalase,
GPx and GSH in the group which was only fed
alcohol when compared to the control. Treatment
with graded doses of mixed extract caused
significant (p>0.05) increase in SOD, catalase,
GPx and GSH level in alcohol fed groups when

compared to the control (Figs. 1-6). Elevated
level of MDA was observed in the group which
was only fed alcohol but treatment with mixed
extract significantly reduced the MDA levels level
in alcohol fed groups when compared to the
control (Fig. 7).

Superoxide dismutase

20

a a
18
16
1
1
1

Control

oON B

OoON B O

mixed extract 600
mg/kg

Superoxide dismutase (U/mg protein)

Ethanol 40%

a a
b I I
mixed extract 300 mixed extract 600

mg/kg + ethanol  mg/kg + ethanol
40% 40%

Treatment groups

Fig. 3. Effect of mixed ethanol extract of Curcuma longa rhizome and Rosmarinus officinalis
leaf on brain homogenate superoxide dismutase activity in alcohol —induced oxidative
damage in adult male Wistar rats
Values are presented as mean + standard deviation (n = 5). Bars with different letter superscripts are significantly
different (p < 0.05)

Catalase

28

27 a

26

25

24

23
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Catalase activity (U/mg protein)

21
Mixed extract 600
mg/kg

Control

Ethanol 40%

a
a
| I
Mixed extract 300 Mixed extract 600

mg/kg + ethanol mg/kg +ethanol 40%
40%

Treatment groups

Fig. 4. Effect of mixed ethanol extract of Curcuma longa rhizome and Rosmarinus officinalis
leaf on brain homogenate catalase activity in alcohol —induced oxidative damage in adult male
Wistar rats
Values are presented as mean + standard deviation (n = 5). Bars with different letter superscripts are significantly
different (p < 0.05)

125



Okwakpam et al.; Int. Neuropsy. Dis. J., vol. 21, no. 6, pp. 118-135, 2024; Article no.INDJ.127870

Glutathione peroxidase
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Fig. 5. Effect of mixed ethanol extract of Curcuma longa rhizome and Rosmarinus officinalis
leaf on brain homogenate glutathione peroxidase activity in alcohol —induced oxidative
damage in adult male Wistar rats
Values are presented as mean + standard deviation (n = 5). Bars with different letter superscripts are significantly

different (p < 0.05)
Glutathione
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Fig. 6. Effect of mixed ethanol extract of Curcuma longa rhizome and Rosmarinus officinalis
leaf on brain homogenate glutathione level in in alcohol —induced oxidative damage in adult
male Wistar rats
Values are presented as mean + standard deviation (n = 5). Bars with different letter superscripts are significantly
different (p < 0.05)
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Fig. 7. Effect of mixed ethanol extract of Curcuma longa rhizome and Rosmarinus officinalis
leaf on brain homogenate malondialdehyde level in in alcohol —induced oxidative damage in
adult male wistar rats
Values are presented as mean + standard deviation (n = 5). Bars with different letter superscripts are significantly
different (p < 0.05)
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Fig. 8. Effect of mixed ethanol extract of Curcuma longa rhizome and Rosmarinus officinalis
leaf on brain homogenate tumor necrotic factor- alpha (TNF-a) level in in alcohol — induced
oxidative damage in adult male Wistar rats
Values are presented as mean + standard deviation (n = 5). Bars with different letter superscripts are significantly
different (p < 0.05)

Effect of treatment with mixed ethanol extract
of Curcuma longa rhizome and Rosmarinus
officinalis leaf on brain homogenate pro-
inflammatory markers in alcohol- induced
oxidative stress: The result shows a significant
(p>0.05) increase in TNF-a and IL-1B levels in

group 3 rats that was administered alcohol only
when compared to control. TNF-a and IL-1B
levels were significantly (p>0.05) reduced in
group 4 and 5 rats treated with mixed
extract when compared to the control (Figs. 8
and 9).
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Effect of treatment with mixed ethanol extract
of Curcuma longa rhizome and Rosmarinus
officinalis leaf on brain tissue
acetylcholinesterase activity in alcohol-
induced oxidative stress: The result shows a

acetylcholinesterase activity in group 3 rats that
was administered alcohol only when compared to
control.  Acetylcholinesterase  activity was
significantly (p>0.05) reduced in group 4 and 5
rats treated with mixed extract when compared to

significant (p>0.05) increase in  the control (Fig. 10).

Interleukin- 1Beta

1.8
1.6
14
1.2 b

0.8
0.6
0.4 a a

0.2 .
0

Control

Interleukin- 1Beta (pg/ml)

Ethanol 40% mixed extract
600 mg/kg +

ethaol 40%

mixed extract
300 mg/kg +
ethanol 40%

mixed extract
600 mg/kg

Treatment groups

Fig. 9. Effect of mixed ethanol extract of Curcuma longa rhizome and Rosmarinus officinalis
leaf on brain homogenate interleukin-1beta (IL-18) level in in alcohol —induced oxidative
damage in adult male Wistar rats
Values are presented as mean + standard deviation (n = 5). Bars with different letter superscripts are significantly
different (p < 0.05)

Acetylcholinesterase
b

o I
o = N> o

a a a

Mixed extract 600 Mixed extract 300 Mixed extract 600
mg/kg mg/kg + ethanol mg/kg + ethanol
40% 40%

© o 9o
o P o
[}

Control Ethanol 40%

Acetylcholinesterase activity (U/mg protein)

Treatment groups

Fig. 10. Effect of mixed ethanol extract of Curcuma longa rhizome and Rosmarinus officinalis
leaf on brain homogenate Acetylcholinesterase activity in alcohol —induced brain damage in
adult male Wistar rats
Values are presented as mean + standard deviation (n = 5). Bars with different letter superscripts are significantly
different (p < 0.05)
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E. Group 5 (600 mg/kg+ ethanol)

Fig. 11. Photomicrograph of the Brain: (A) Group 1 (control): Normal histoarchitecture
observed with intact pyramidal cells (black arrow), neuronal cell bodies (white arrow), and
neuropil (N). (B) Group 2 (600 mg/kg mixed extract): Normal histoarchitecture similar to
control, with normal pyramidal cells and neuropil. (C) Group 3 (40% ethanol): Marked
degeneration and necrosis of pyramidal cells in the hippocampus, with cytoplasmic
vacuolation and pyknosis (black arrow); cerebral cortex remained normal. (D) Group 4 (300
mg/kg mixed extract + ethanol): Mild degeneration and necrosis of pyramidal cells, with
cytoplasmic vacuolation and pyknosis; normal cerebral cortex. (E) Group 5 (600 mg/kg mixed
extract + ethanol): Similar mild degeneration and necrosis as Group 4; normal cerebral cortex.
Magnification: H&E x400
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Effect of treatment with mixed ethanol extract
of Curcuma longa and Rosmarinus officinalis
on alcohol-Induced Histopathological
Changes: Fig. 11 presents the
photomicrographs of the brain sections stained
with H & E. The control group showed normal
architectures of neurocytes of hippocampus and
cerebral cortex in the control group (Fig. 11A).
The alcohol group showed marked degeneration
and necrosis of the pyramidal cells of the
hippocampus (Fig. 11C). The affected cells
showed vacuolation of the cytoplasm with
pyknosis of the nuclei (black arrow). The mixed
extract group showed normal architectures of
neurocytes of hippocampus and cerebral cortex
in the brain of the rats. The mixed extract plus
alcohol groups restored neuro damage
characterized by mild degeneration and necrosis
of the pyramidal cells of the hippocampus and
normal encephalic histoarchitecture of cerebral
cortex (Fig. 11D and 11E).

4. DISCUSSION

“There is alarming increase of alcohol abuse in
society today. As classified by the World Health
Organization (WHO), alcohol use is the third-
highest health risk factor in developed countries
and the greatest risk factor in developing
countries” [4]. Overindulging in alcohol has been
shown to have detrimental consequences on
both short- and long-term health, including the
possibility of developing dementia or Alzheimer's
disease due to brain damage [5-9]. If no new
treatment methods are created to slow down,
stop, or prevent AD, the predicted total
healthcare expenses for AD treatment in 2021
will rise to more than $1.1 trillion by 2050 due to
an aging population [1].

Polyherbal compositions improve the therapeutic
effect and lower the concentrations of individual
herbs, hence lowering side effects [42]. This
study is aimed at investigating the synergic effect
of mixed ethanol extract of C. longa rhizome (rich
in curcuminoids) and R. officinalis leaf (rich in
Carnosic acid) some biochemical parameters in
the brain of alcohol- treated male Wistar rats.

Acute toxicity studies of mixed extract of C. longa
and R. officinalis showed an estimated LDso
greater than 5000mg/kg, which is an indication of
an excellent safety profile and remote risk of
acute intoxication.

“‘Result obtained for oxidative stress markers
showed that there was a significant decrease in

the activities of SOD, CAT, GPx and GSH in
group 3 rats treated with alcohol (ethanol) when
compared to control group. The toxic effect of
alcohol administration leads to a large population
of unquenched free radicals leading to the state
of oxidative stress. This is evidence in inhibition
in the activities of antioxidants enzymes, SOD,
CAT, GPx and GSH in the brain of rats. This
result agrees with previous report of Owoade et
al. [43] that acute and chronic alcohol
consumption decreased antioxidants enzymes
and GSH level in the brain Endogenous
antioxidants such as SOD, GPx, and GSH are
important for ROS elimination. SOD inactivates
radical O2- and forms Hz202. In the GPx reaction,
GSH serves as an electron donor for H202 that
subsequently removes ROS” [18]. “Reactive
oxygen species induce oxidative stress in cells
and potentially damage the neurons. Prolonged
oxidative stress in the brain causes neuronal
dysfunction and cell death, which could lead to
neurodegeneration” [7]. “The brain is one of the
most metabolically active organs and thus, it is
profoundly susceptible to oxidative stress, owing
to its high demand for oxygen consumption and
low levels of endogenous antioxidants to
eliminate free radicals” [18]. However, co-
administration of the combined extract with
graded dose of 40% alcohol, significantly
increased the antioxidants levels in a dose
dependent manner. This result agrees with
previous report that Rosemary and turmeric are
excellent antioxidant [28].

“A large amount of polyunsaturated fatty acids
found in all the biological membranes is
susceptible to peroxidative attacks by oxidants
resulting in lipid peroxidation. Lipid peroxidation
is the process in which free radicals "steal"
electrons from the lipids in cell membranes,
resulting in cell damage. it is used as a marker of
oxidant-induced tissue injury. Administration of
alcohol for 21 days significantly increased the
level of MDA in group 3 rats when compared with
control group, indicating Oxidative stress. The
brain is abundant with phospholipids that contain
a high amount of polyunsaturated fatty acids
(PUFA) and therefore, is susceptible to lipid
peroxidation” [18]. ‘Malondialdehyde is one of the
final products of lipid peroxidation. This finding
agrees with the works of Omolola et al.” [44] and
Joshi et al. [45] who reported that ethanol
metabolism, which increases aldehydic load
through increased acetaldehyde accumulation,
causes oxidative stress and lipid peroxidation not
only in the liver but also in the brain. However,
administration of the combined extract, reduced
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the MDA significantly. LPS-induced oxidative
stress promotes ROS production by activating
nicotinamide adenine dinucleotide phosphate
(NADH) oxidase (NOX). turmeric has been
reported to be a potent inhibitor of NOX [46,47],
thereby preventing oxidative stress as evidence
in our results.

The inflammation cascade has a vital role in the
pathogenesis of neurodegenerative diseases,
including Alzheimer's disease [48]. IL-1 and
TNF-a are important proinflammatory cytokines
that that contribute to immune dysfunction and
mediate inflammation of the tissues and organ
injury. From Figs. 1 and 2, the result shows that
intoxication of rats with alcohol markedly
elevated TNF-a and IL-1B in the brain tissues,
suggesting that alcohol preferentially affects
macrophage functions and stimulates the
development of brain injury. This result agrees
with the reports of Garcia-Suastegui et al. [16]
and Tiwari and Chopra [49] that besides lipid
peroxidation, alcohol-induced oxidative stress
also causes protein and DNA damage,
mitochondrial dysfunction, increased cytokine
production and eventually neuronal cell death.
However, co- administration with the mixed
extract significantly decreased brain tissue level
of IL-18 and TNF-a. In the presence of ROS,
there is an increase production of these
cytokines and in turn, signaling accentuates
oxidative stress [50].

Repeated daily administration of 15 mg/kg of
alcohol for 21 days resulted to marked
degeneration and necrosis of the pyramidal cells
of the hippocampus exhibiting vacuolation of the
cytoplasm with pyknotic nuclei when compared
to control group. These results point to the
pyramidal cell body as primary targets of alcohol
neurotoxicity. The neuron damage score
revealed in the histopathological examination is
in accordance with the biochemical changes
earlier observed in alcohol treated group. Our
results are compatible with the previous studies
reporting that neurodegeneration due to ethanol
exposure can occur through apoptotic or necrotic
mechanisms [51]. This finding agrees with the
report of Halder et al. [52] that in Alzheimer’s
disease, the function of the hippocampus is
destroyed as the neurons become degenerated.
Hamid et al. [15] in their study have also
demonstrated that although alcohol s
metabolized mainly in the liver, it also causes
toxic effects to the brain. However, the neuron
protective effect of mixed extract on alcohol-
induced oxidative damage was further confirmed

by the  histological findings. Repeated
cotreatments with 300 mg/kg or 600 mg/kg for 21
days significantly improved the alcohol-induced
histopathological alterations with mild necrosis of
the pyramidal cells observed in the
hippocampus. This result has demonstrated that
C. longa and R. officinalis work synergically to
reduce the alcohol-induced histopathological
alterations in the brain.

“The hippocampus is the center of all the
memory and cognitive functions of the brain [52].
This mechanism involves the interaction between
various neurotransmitters in the brain [53].
Acetylcholine (ACh) is the most important
neurotransmitter involved in  memory and
cognitive  functions apart from  several
neurodegenerative pathogenicity [54].
Acetylcholinesterase modulates proper levels of
acetylcholine by breaking acetylcholine into
choline (the building block of acetylcholine).

Estimation of this enzyme’s activity is an
important parameter to assess the central
cholinergic function. Repeated daily

administration of 15 mg/kg of alcohol for 21 days
significantly  increased the activity  of
acetylcholinesterase. Similar findings were
declared in a previous study by Choi et al.” [55]
which  revealed that excessive alcohol
consumption increased acetylcholinesterase
activity in the brain. Studies have shown that the
excessive activity of acetylcholinesterase results
in the deficiency of acetylcholine, leading to
memory impairment [56,57]. Co-administration
with the mixed extract inhibited the over
expression of acetylcholinesterase induced by
chronic treatment with alcohol. Ozarowsk et al.
[58] reported that the memory enhancing effect
of rosemary extract (200 mg/kg, p.o.) in the
scopolamine-induced dementia model of AD has
also been shown to be linked with direct effect on
acetylcholine esterase activity. This result agrees
with the works of Tiwari and Chopra [49] who
have demonstrated effectiveness of curcumin in
preventing cognitive deficits associated with
chronic alcohol consumption. Banerjee et al. [23]
also reported that Bacopa monnieri anti-
acetylcholine  esterase activity may be
responsible for its positive effect on cognition.
Additionally, numerous studies have linked
cholinergic enzymes to the development of
amyloid plaques [59]. As a result, inhibiting
acetylcholine esterase causes an increase in
acetylcholine in the brain, which reduces plaque
formation [60]. These results are in accordance
with Levine et al. [36] and Mohamed et al. [37]
who reported that, combination of R. officinalis
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and C. longa is more effective than C. longa
extract alone in improving the outcome due to a
greater increase in intracellular curcumin
accumulation when the combination treatment
was used.

5. CONCLUSION

This result suggests that treatment with mixed
extract of C. longa rhizome and R. officinalis leaf
inhibited oxidative  stress, inflammation,
histological alteration and increased
acetylcholinesterase activity in the rat brain
which could be associated with the plethora of
phytoconstituents present there-in. The co-
administration of both C. longa rhizome and R.
officinalis leaf together enhanced their
neuroprotective activity indicating a synergistic
activity between both natural products Therefore,
mixed extract of C. longa rhizome and R.
officinalis leaf may be considered as a potential
therapeutic agent against alcohol-induced
oxidative damage in brain tissues.

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 the writing or
editing of this manuscript.

CONSENT
It is not applicable.
ETHICAL APPROVAL

Animal Ethic committee approval has been
collected and preserved by the author(s).

COMPETING INTERESTS

Authors have declared that no competing
interests exist.

REFERENCES

1. Alzheimer's Association. Alzheimer's

disease facts and figures. Alzheimer's
Dement. 2016;12(4):459-509.

2. Whiteford HA, Ferrari AJ, Degenhardt L,
Feigin V, Vos T. The global burden of
mental, neurological and substance use
disorders: an analysis from the global
burden of disease study 2010. Plos One.
2015;10:0116820.

3. Huang D, Yu M, Yang S, Lou D, Zhou W,
Zheng L, et al. Ethanol alters APP

10.

11.

12.

13.

132

processing and aggravates Alzheimer-
associated phenotypes. Mol Neurobiol.
2018;55:5006-18.

GBD 2016 Alcohol Collaborators. Alcohol
use and burden for 195 countries and
territories, 1990-2016: A  systematic
analysis for the Global Burden of Disease
Study 2016. Lancet. 2018;392(10152):
1015-35.
Available:https://doi.org/10.1016/S0140-
6736(18)31310-2

Garcia AM, Ramoén-Bou N, Porta M.
Isolated and joint effects of tobacco and
alcohol consumption on risk of Alzheimer’s
disease. J Alzheimers Dis. 2010;20:577—
86.

Eriksson AK, Lofving S, Callaghan RC,
Allebeck P. Alcohol use disorders and risk
of Parkinson’s disease: findings from a
Swedish national cohort study 1972-2008.
BMC Neurol. 2013;13:190.

Bhat  AH, Dar KB, Anees S,
Zargar MA, Masood A, Sofi MA.
Oxidative stress, mitochondrial dysfunction
and neurodegenerative diseases; a
mechanistic insight. Biomed
Pharmacother. 2015;74:101-10.

Heymann D, Stern Y, Cosentino S,
Tatarina-Nulman O, Dorrejo JN, Gu Y. The
association between alcohol use and the
progression of Alzheimer's disease. Curr
Alzheimer Res. 2016;13:1356-62.

Jeon KH, Han K, Jeong S. Changes in
alcohol consumption and risk of dementia
in a nationwide cohort in South Korea.
JAMA Netw Open. 2023;6(2):e2254771.
Ridley NJ, Draper B, Withall A. Alcohol-
related dementia: An update of the
evidence. Alzheimers Res Ther. 2013;
5(1):3.

Available:https://doi.org/10.1186

Huang XB, Chen YJ, Chen WQ, Wang NQ,
Wu XL, Liu Y. Neuroprotective effects of
tenuigenin on neurobehavior, oxidative
stress, and tau hyperphosphorylation
induced by intracerebroventricular
streptozotocin in rats. Brain Circ. 2018;
4:24-32.

Kumar J. Herbal medicine for Type 2
diabetes. Int J Diabetes Dev Ctries. 2010;
30:111-2.

Wattanathorn J, Phunchago N,
Muchimapura S, Thukhum-Mee W,
Chaisiwamongkol K, Kaewrueng W, et al.
Mulberry fruit mitigates alcohol
neurotoxicity and memory impairment



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Okwakpam et al.; Int. Neuropsy. Dis. J., vol. 21, no. 6, pp. 118-135, 2024; Article no.INDJ.127870

induced by chronic alcohol intake. Am J
Appl Sci. 2012;9(4):484-91.

Kamal H, Tan GC, Ibrahim SF, Shaikh MF,
Mohamed IN, Mohamed RM, et al. Alcohol

use disorder, neurodegeneration,
Alzheimer's and Parkinson’s disease:
Interplay  between  oxidative  stress,
neuroimmune response and

excitotoxicity. Front Cell Neurosci. 2020;
14,

Hamid A, lbrahim FW, Ming TH. Zingiber
zerumbet L. (Smith) extract alleviates the
ethanol-induced brain damage via its
antioxidant activity. BMC Complement
Altern Med. 2018;18:101.
Garcia-Suastegui WA, Ramos-Chavez LA,
Rubio-Osornio M, Calvillo-Velasco M,
Atzin-Méndez JA, Guevara J. The role of
CYP2E1l in the drug metabolism or
bioactivation in the brain. Oxid Med Cell
Longev. 2017;2017:4680732.

Hernandez JA, Lé6pez-Sanchez RC,
Rendon-Ramirez A. Lipids and oxidative
stress associated with ethanol-induced
neurological damage. Oxid Med Cell
Longev. 2016;2016:1543809.

Kim GH, Kim JE, Rhie SJ, Yoon S. The
role of oxidative stress in
neurodegenerative diseases. Exp
Neurobiol. 2015;24:325-40.

Pascual M, Fernandez-Lizarbe S, Guerri
C. Role of TLR4 in ethanol effects on
innate and adaptive immune responses in
peritoneal macrophages. Immunol Cell
Biol. 2011;89:716-27.

Naik E, Dixit VM. Mitochondrial reactive
oxygen species drive proinflammatory
cytokine production. J Exp Med. 2011;
208:417-20.

Blazekovi¢ B, Kindl M, Vladi¢ J, D A,
Brantner AH. Acetylcholinesterase
inhibitory, antioxidant and phytochemical
properties of selected medicinal plants of
the Lamiaceae family. Molecules. 2014;
19(1):767-82.

Zaami S, Rinaldi R, Bersani G, Del Rio A,
Ciallella C, Marinelli E. Nootropics use in
the workplace: psychiatric and ethical
aftermath towards the new frontier of
bioengineering. Eur Rev Med Pharmacol
Sci. 2020;24(4):2129-39.

Banerjee S, Anand U, Ghosh S, Ray P,
Ray D, Nandy S, et al. Bacosides from
Bacopa monnieri extract: an overview of
the effects on neurological disorders.
Phytother Res; 2021.
Available:https://doi.org/10.1002/ptr.7203

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

133

Gregory J, Vengalasetti YV, Bredesen DE,
Rao RV. Neuroprotective herbs for the
management of Alzheimer's disease.
Biomolecules. 2021;11(4):543.

Onaolapo AY, Obelawo AY, Onaolapo OJ.
Brain ageing, cognition and diet: A review
of the emerging roles of food-based
nootropics in  mitigating  age-related
memory decline. Curr Aging Sci. 2019;
12(1):2-14.

Jiang AT. Health benefits of culinary herbs
and spices. J AOAC Int. 2019;102(2):395—
411.

Rafie H, Soheila H, Grant E. Rosmarinus
officinalis (Rosemary): A novel therapeutic
agent for antioxidant, antimicrobial,
anticancer, antidiabetic, antidepressant,
neuroprotective, anti-inflammatory, and
anti-obesity treatment. Biomed J Sci Tech
Res. 2017;1(4):1098-103.

Rinwa P, Kumar A. Piperine potentiates
the protective effects of curcumin against
chronic  unpredictable  stress-induced
cognitive  impairment and  oxidative
damage in mice. Brain Res. 2012;1488:
38-50.

Davinelli S, Sapere N, Zella D, Bracale R,
Intrieri M, Scapagnini G. Pleiotropic
protective effects of phytochemicals in
Alzheimer's disease. Oxid Med Caell
Longev. 2012;2012:386527.

Okwakpam FN, Igwe FU, Omeodu SI,
Monanu MO. Dose and time dependent
protective effects of apocyanin and
curcumin against  diclofenac-induced
cardiotoxicity in male rats. Asian J Res
Med Pharm Sci. 2023;12(2):35-52.
Available:https://doi.org/10.9734/ajrimps/2
023/v12i2214

Gupta SC, Patchva S, Koh W, Aggarwal
BB. Discovery of curcumin, a component
of golden spice, and its miraculous
biological activities. Clin Exp Pharmacol
Physiol. 2012;39(3):283-99.
Voulgaropoulou S, van Amelsvoort T,
Prickaerts J, Vingerhoets C. The effect of
curcumin on cognition in Alzheimer’s
disease and healthy aging: A systematic
review of pre-clinical and clinical studies.
Brain Res. 2019;1725:146476.

Douglass BJ, Clouatre DL. Beyond yellow
curry: assessing commercial curcumin
absorption technologies. J Am Coll Nutr.
2015;34(4):347-58.

Ulrich-Merzenich G, Panek D, Zeitler H,
Vetter H, Wagner H. Drug development
from natural products: Exploiting



35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Okwakpam et al.; Int. Neuropsy. Dis. J., vol. 21, no. 6, pp. 118-135, 2024; Article no.INDJ.127870

synergistic effects. Indian J Exp Biol. 2010;
48:208-19.

Okwakpam FN, Otobo MB, Dokubo A,
Nzor JN, Nkomadu VD, Odinga T.
Evaluation of the bioactive composition
and In vitro neuroprotective potential of the
combined Curcuma longa and Rosmarinus
officinalis ethanol extract. Trends Med
Res. 2024;19(1):136-50.

Levine CB, Bayle J, Biourge V, Wakshlag
JJ. Cellular effects of a turmeric
root and rosemary leaf extract on canine
neoplastic cell lines. BMC Vet Res.
2017;13:1-11.

Mohamed ME, Younis NS, Soliman SH,
Mohafez OM. The synergistic
hepatoprotective activity of rosemary
essential oil and curcumin: The role of the
MEK/ERK pathway. Molecules. 2022;
27(24):8910.

lioma SN, Osim EE, Nwankwo AA, Nwosu
CO. Antioxidant potentials and effects on
the hematology and osmotic fragility
scores of a polyherbal formulation used in
southeast Nigeria. J Basic Clin Physiol
Pharmacol. 2019;20170099.

Orieke D, Ohaeri OC, ljeh II, ljioma SN,
Achi KC. Acute and sub-acute toxicity
evaluation of methanolic leaf extract of
Chorchorus  olitorius in  experimental
animal studies. Asian J Res Anim Vet Sci.
2018;2(4):1-12.

Tietz NW. Liver function tests, nitrogen
metabolites and renal function. In:
Fundamentals of Clinical Chemistry. 3rd
ed. Philadelphia: W.B. Saunders. 1996;
476-576.

Conforti F, Statti GA, Tundis R, Loizzo MR,
Menichini F. In vitro activities of Citrus
medica L. cv. Diamante (Diamante citron)
relevant to treatment of diabetes and
Alzheimer’s disease. Phytother Res. 2007;
21:427-33.

Rajendran RP, Chockalingam V,
Subramani P. Antidiabetic activity of
polyherbal formulation in streptozotocin-
nicotinamide induced diabetic Wistar rats.
J Tradit Complement Med. 2014;4(2).
DOI:10.4103/2225-4110.126174.

Owoade AO, Adetutu A, Olorunnisola OS.
Hematological and biochemical changes in
blood, liver, and kidney tissues under the
effect of tramadol treatment. J Alcohol
Drug Depend. 2019;7:327.

Oyenihi OR, Afolabi BA, Oyenihi AB,
Ogunmokuna OJ, Oguntibeju OO. Hepato-
and neuro-protective effects of watermelon

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

134

juice on acute ethanol-induced oxidative
stress in rats. Toxicol Rep. 2016;3:288-94.
Joshi AU, Van Wassenhove LD, Logas
KR. Aldehyde dehydrogenase 2 activity

and aldehydic load contribute to
neuroinflammation and Alzheimer’s
disease-related pathology. Acta

Neuropathol Commun. 2019;7:190.

Zhao WC, Zhang B, Liao MJ, Zhang WX,
He WY, Wang HB, Yang CX. Curcumin
ameliorated diabetic neuropathy partially
by inhibition of NADPH oxidase mediating
oxidative stress in the spinal cord.
Neurosci Lett. 2014;560:81-5.

Okwakpam FN, Dokubo A, Monanu MO,
Uahomo PO. Cardioprotective effects of
apocynin and curcumin against diclofenac-
induced cardiotoxicity in male Wistar rats
via inhibition of oxidative stress. Sch Int J
Biochem. 2023;6(7):86—98.

Trovato Salinaro A, Pennisi M, Di Paola R,
Scuto M, Crupi R, Cambria MT, et al.
Neuroinflammation and neurohormesis in
the pathogenesis of Alzheimer's disease
and Alzheimer-linked pathologies:
Modulation by nutritional mushrooms.
Immun Ageing. 2018;15:1-8.

Tiwari V, Chopra K. Protective effect of
curcumin against chronic alcohol-induced
cognitive deficits and neuroinflammation in
the adult rat brain. Neuroscience. 2013;
244:147-58.

Tajuddin N, Moon KH, Marshall SA, Nixon
K, Neafsey EJ, Kim HY.
Neuroinflammation and neurodegeneration
in adult rat brain from binge ethanol
exposure: Abrogation by docosahexaenoic
acid. Plos One. 2014;9:e101223.

Obernier JA, Bouldin TW, Crews FT. Binge
ethanol exposure in adult rats causes
necrotic cell death. Alcohol Clin Exp Res.
2002;26(4):547-57.

Halder S, Anand U, Nandy S, Oleksak P,
Qusti S, Alshammari EM, et al. Herbal
drugs and natural bioactive products as
potential therapeutics: A review on pro-
cognitives and brain boosters
perspectives. Saudi Pharm J. 2021;29(8):
879-907.

Sheffler ZM, Pillarisetty LS. Physiology,
neurotransmitters.  StatPearls. Treasure
Island (FL): StatPearls Publishing; 2019.
Akaike A, Shimohama S, Misu Y. Nicotinic
acetylcholine  receptor  signaling in
neuroprotection.

Choi SH, Lee AY, Park CH, Shin YS, Cho
EJ. Protective effect of Carthamus



56.

57.

58.

Okwakpam et al.; Int. Neuropsy. Dis. J., vol. 21, no. 6, pp. 118-135, 2024; Article no.INDJ.127870

tinctorius L. seed on oxidative stress and
cognitive impairment induced by chronic
alcohol consumption in mice. Food Sci
Biotechnol. 2018;27:1475-85.

Shiksharthi AR, Mittal S, Ramana J.
Systematic review of herbals as potential
memory enhancers. Int J Res Pharm
Biomed Sci. 2011;3:918-25.

Bohnen NI, Grothe MJ, Ray NJ, Miller ML,
Teipel SJ. Recent advances in cholinergic
imaging and cognitive decline—Revisiting
the cholinergic hypothesis of dementia.
Curr Geriatr Rep. 2018;7(1):1-11.
Ozarowski M, Mikolajczak PL, Bogacz A.
Rosmarinus officinalis L. leaf extract
improves memory impairment and

59.

60.

affects acetylcholinesterase and
butyrylcholinesterase activities in
rat brain. Fitoterapia. 2013;91:261—
71.

Majdi A, Sadigh-Eteghad S, Aghsan SR,
Farajdokht F, Vatandoust SM, Namvaran
A, et al. Amyloid-B, tau and the cholinergic
system in Alzheimer's disease: Seeking
direction in a tangle of clues. Rev
Neurosci. 2020.
DOI:10.1515/revneuro-2019-0089.

Ehab A, Ibrahim M, Magdi M, Ayman M,
Zidan N, Osman A. Alzheimer's disease
and its current treatments; is there a
possibility for a cure? Open J Chem. 2019;
5:13-9.

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/127870

135


https://www.sdiarticle5.com/review-history/127870

