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Abstract: Background: Previously reported data suggest that hibiscetin, isolated from roselle, contains
delphinidin-3-sambubioside and cyanidin-3-sambubioside including anthocyanidins and has a broad
range of physiological effects. In this study, we aim to analyze the effect of hibiscetin neuroprotective
ability in rats against 3-nitropropionic acid (3-NPA)-induced Huntington’s disease (HD). Methods: To
investigate possible toxicities in animals, oral acute toxicity studies of hibiscetin were undertaken, and
results revealed the safety of hibiscetin in animals with a maximum tolerated dose. Wistar rats were
divided into four groups (n = 6); (group-1) treated with normal saline, (group-2) hibiscetin (10 mg/kg)
only, (group-3) 3-NPA only, and (group-4) 3-NPA +10 mg/kg hibiscetin. The efficacy of hibiscetin
10 mg/kg was studied with the administration of 3-NPA doses for the induction of experimentally
induced HD symptoms in rats. The mean body weight (MBW) was recorded at end of the study on
day 22 to evaluate any change in mean body weight. Several biochemical parameters were assessed
to support oxidative stress (GSH, SOD, CAT, LPO, GR, and GPx), alteration in neurotransmitters
(DOPAC, HVA, 5-HIAA, norepinephrine, serotonin, GABA, and dopamine), alterations in BDNF and
cleaved caspase (caspase 3) activity. Additionally, inflammatory markers, i.e., tumor necrosis factor
alpha (TNF-α), interleukins beta (IL-1β), and myeloperoxidase (MPO) were evaluated. Results: The
hibiscetin-treated group exhibits a substantial restoration of MBW than the 3-NPA control group.
Furthermore, 3-NPA caused a substantial alteration in biochemical, neurotransmitter monoamines,
and neuroinflammatory parameters which were restored successfully by hibiscetin. Conclusion:
The current study linked the possible role of hibiscetin by offering neuroprotection in experimental
animal models.

Keywords: 3-nitropropionic acid; hibiscetin; Huntington’s disease; neuroprotection

1. Introduction

Huntington’s disease (HD) is a genetic disorder that causes the progressive breakdown
of nerve cells in the brain [1]. HD is a congenital, uncommon, degenerative inherited NDDs
illness that can be inherited and lethal. HD is caused by the amplification of the nucleotides,
adenine, and guanine (CAG) trinucleotide on chromosomal 4p, which is found in the
gene coding (HTT) [2]. Diagnostic evidence shows dyskinesia, cognitive dysfunction,
and gradual memory loss. Furthermore, the significantly impacted neurons descend into
this cortex from the striatal medium spiny area [3]. Additionally, it is characterized by
involuntary movements, cognitive decline, and psychiatric symptoms such as depression
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and irritability. The individual in the mature phase had great trouble with synchronization,
rigidity, little motion, occasional convulsions, confusing articulation, and feeding issues,
impairment of judgment skills, confused thinking, and the commencement of psychological
conduct [4]. It typically begins in middle age and worsens over time, ultimately leading to
severe disability [5]. HD is a neurodegenerative illness that affects memory and sensory
deterioration and eventually leads to mortality [6]. Motor, cognitive, and psychological
impairments are the most common signs of HD. HD manifests itself in individuals at an
early age and eventually leads to death with progressive growth which develops over
several years [7]. The trinucleotides were discovered to be replicated 10 to 35 times in
the genomes. The individual having HD had a redundancy of genome with multiple
repeats. Whenever the doubling becomes little than 40, it became assumed that there were
no or few indications of HD, but a larger amount suggested the existence of HD [8]. The
extent of the HTT protein enhanced significantly to the replication of the CAG trinucleotide
that appears to be aberrant. Additionally, the splitting of the longer protein backbone
into tiny particles led to the production of microscopic proteins, hazardous components,
that were subsequently implanted in the neuron [9]. As a result, the regular functioning
of the neuron is disrupted, which might cause damage and, as a result, the formation
of HD [10]. Several neurologic disorders are associated with HD, which results from an
upsurge in CAG replications in the huntingtin gene (HTT) [11]. Studies have explored the
relationship between a human chromosome (4p16.3) mutation and HD, which is known
to cause aberrant N-terminal extension of the CAG triplet that encodes the poly Q tract of
the huntingtin protein 1 (HTT1) [12]. Furthermore, evidence indicates that CAG plays a
role in HD, with overexpression and a sustained repeat of CAG exceeding 36 leading to
the emergence of HD symptoms. While mutant huntingtin may be detected in a variety of
brain and peripheral tissues, earlier research has revealed that mHTT accretion and toxicity
largely disturb medium GABAergic spiny nerves and, to a slighter extent, cerebral cortex
neurons [13]. In HD, there was a significant decrease in GABA transmitter and encephalin
neurons within the basal ganglia. The prevalence of HD was higher in North America and
the UK than in Asian [14]. The progression of HD commences with the amplification of
sequences beyond 50. Exceptionally unregulated behavior was observed in this era [15].

The researchers discovered that patients with HD have dendritic fluctuations in the
basal ganglia and spiny neurons with reduced spine density in the brain regions [16–18].
Furthermore, brain imaging studies in HD patients and controls suggest that alterations in
the cortico-striatal connection may contribute to depression and functional
impairments [19–21]. The importance of extended poly glutamate stretch associated with
neuronal toxicity in HD has also been discussed by several other studies in addition to the
involvement of mHTT in the HD pathogenesis [22,23].

In addition to cortical communication, the striatum serves primarily as a relay center
for motor and cognitive functions. According to studies, neuronal cell loss in the striatum
causes neurodegeneration, which is an important hallmark of HD [24,25]. Previous reports
explore that a series loss of synapses is among the primary causes of the onset of HD [26].
Thus, changes in glutamatergic, dopaminergic (DA), and cholinergic synapses may be
observed during HD’s pre-symptomatic phase [27–32]. Although HD may be detected,
there is no proven cure for this condition. Preclinical and clinical research on fetal neural
transplantation has been conducted however, the results have been unsatisfactory [33,34].

The mitochondrial toxic compound 3-NPA permanently blocks the succinate dehydro-
genase (complex II) enzyme in mitochondria [35]. In earlier data, it is apparent that humans
and animals treated with the fungal toxin 3-NPA showed HD-like symptoms. Preclinical
investigations using rotarod and locomotor activities revealed that rats administered with
3-NPA showed noteworthy modifications in motor functions. The evidence, therefore,
implies that 3-NPA treatment is either effective at reversing early stages or at reversing
future phases of HD-linked behavior in humans. The exact mechanism by which 3-NPA
causes HD-like symptoms in rats is not fully understood, but it is thought to involve the
subsiding of oxidative stress and the modulation of monoamine neurotransmitters in the
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brain. Oxidative stress is an imbalance between the production of reactive oxygen species
(ROS) and the body’s ability to neutralize them, and it is thought to play a role in the
development of HD. Additionally, monoamine neurotransmitters, such as dopamine and
serotonin, are involved in the regulation of movement, emotion, and other functions, and
their levels are often altered in HD [36,37]. Earlier published studies suggested that natural
compounds slow the progression of HD by regulating mitochondrial activity, reducing
peroxidation, and activating the immune [38]. Many researchers asserted that systemic
administration of 3-NPA mimics major pathological aspects of HD, particularly mitochon-
drial dysfunction, oxidative stress, and specific striatal atrophy [35]. As a result, it is the
benchmark for experimental induction of HD in rats.

Medicinal herbs and natural remedies have played an essential part in daily living
for ages. About 25–30% of prescription medications are derived from plant-based sources,
which serve a significant role in the mitigation of various forms of diseases [39]. Because of
their nutritional qualities and bioactive chemical sources [39], comestible flowers have been
documented as unique dietary components, primarily anthocyanin, nitrogenous chemicals,
and carotenoids [40]. Flavonoids as a low molecular weight phytoconstituent proven to
be an fundamental amount of human dietary nutrition [41]. Flavonoids have also been
found to have antioxidant and chelating activities, which may offer protection from life
diseases [42]. The Malvaceae family member Hibiscus rosa sinensis is a medicinal as well as
an ornamental plant with an array of clinical benefits. Many phytochemical constituents of
Hibiscus have been isolated and characterized. Flavonoids, alkaloids, saponins, tannins,
and polyphenols are among those found in Hibiscus [43]. In addition, roselle anthocyanin
has health benefits with its antioxidant and bioactive properties [44,45]. Hibiscetin, which
is isolated from Roselle (Hibiscus sabdariffa), contains delphinidin-3-sambubioside and
cyanidin-3-sambubioside [39], both of which are known as natural food colorants and
important purification components, as per previous findings [46]. The spectral studies
established the structural component of hibiscetin-3-glucoside (C21H20O14) as an im-
portant flavonoid compound that is derived from the petals of Hibiscus rosa sinensis and
exhibits potent anticancer activities [47]. According to a recent study, hibiscetin can reduce
the severity of Parkinson’s disease in rats induced-rotenone paradigm [48]. The current
orthodox treatment available for the HD is inadequate and expensive, with some identified
demerits, hence there is need to identify the potential component from natural origin to
deal with severe neurodegeneration that led in to clinical conditions like HD. The cur-
rent study was to investigate the effects hibiscetin against 3-NPA-induced HD in rodents
by evaluating the biochemical alterations, i.e., glutathione (GSH), superoxide dismutase
(SOD), catalase activity (CAT), lipid peroxidation (LPO), GSSG reductase (GR), and inflam-
matory markers, i.e., tumor necrosis factor alpha (TNF-α), interleukins beta (IL-1β), and
myeloperoxidase (MPO).

2. Results
2.1. Acute Toxicity Assessment

In the study, hibiscetin was found to remain safe in acute toxicity studies in rats.
During the 14-day acute toxicity phase, neither morbidity nor clinical manifestations were
seen. We selected 10 mg/kg of hibiscetin for the the main investigation based on results of
the acute oral toxicity research.

2.2. Mean Body Weight

A remarkable reduction in rat body weight was seen in the rats in the 3-NPA control
group as hibiscetin was applied to rats to induce Huntington’s-like characteristics (Figure 1).
Rats treated with hibiscetin (10 mg/kg) showed no significant changes observed in the
weight as compared to 3NPA treated rats.
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Figure 1. The impact of hibiscetin on mean body weight in rats with Huntington’s disease-like
symptoms caused by 3-nitropropionic acid. Values are expressed as mean ± S.E.M. (n = 6). Values
are statistically non-significant at p > 0.05 vs. negative control group # p < 0.05, respectively (one-way
ANOVA followed by Tukey’s test).

2.3. Oxidative Stress Parameters

Figure 2A–F depicts an assessment of the impact of hibiscetin on oxidative disequilib-
rium measures in animals with HD-like symptoms produced by 3-NPA. While compared
with the control group, 3-NPA-induced rodents displayed a significant elevation in (p < 0.05)
enzymatic activity, with a focus on peroxidation activity as a key indication of free rad-
ical formation. Additionally, other set groups showed significant declines in oxidative
biomarkers in brain tissue of 3-NPA-induced rats, including CAT, GSH, GR, GPx, and SOD
(p < 0.05). In addition to that, one-ANOVA and post hoc assessment shown that timely
hibiscetin (10 mg/kg) given for 15 days lead to a substantial drop in LPO (p < 0.01) and
remarkable restoration in the CAT (p < 0.01), GSH (p < 0.05), GR (p < 0.01), GPx (p < 0.05),
and SOD (p < 0.05) when equated against the 3-NPA group. Hibiscetin (10 mg/kg) per se
shows no substantial effects.
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Figure 2. The impact of hibiscetin on lipid peroxidation and antioxidant markers in rats with
Huntington’s disease-like symptoms caused by 3-nitropropionic acid (A) LPO, (B) CAT, (C) GSH,
(D) GR, (E) GPx, (F) SOD. Values are expressed as mean ± S.E.M. (n = 6). Values are statistically
significant at * p < 0.05, ** p < 0.01 vs. negative control group # p < 0.05, respectively (one-way ANOVA
followed by Tukey’s test).

2.4. Monoamine Metabolites and Caspase 3 Biomarkers Estimation

Figure 3A–I depicts the effect of hibiscetin on neurotransmitter and amine contents
in animals with HD-like symptoms caused by 3-NPA. In the current investigation, we
found that when compared to control rats, 3-NPA-induced rats exhibited increased levels
of specific monoamines such as DOPAC, HVA, 5-HIAA, and glutamate underlining the
importance of 3-NPA in neurological changes. Additionally, 3-NPA-induced rats exhibits a
considerable decline in the several monoamine levels including norepinephrine, serotonin,
GABA, and dopamine as a hallmark for the 3-NPA-induced neurotoxicity. One-way
ANOVA and parametric test (Tukey’s) explore that regular hibiscetin (10 mg/kg) therapy
was significantly restored DOPAC (p < 0.01), HVA (p < 0.01), 5-HIAA (p < 0.05) and
glutamate (p < 0.01) intensifies when compared to the 3-NPA group. When comparison to
a 3-NPA group, there was noteworthy modification in norepinephrine (p < 0.01), serotonin
(p < 0.01), GABA (p < 0.05), and dopamine (p < 0.05).

Figure 3 h depicts the caspase 3 activity displaying HD-like symptoms, as well as the
probable effects of hibiscetin on these levels. In the current investigation, we revealed that
as compared to control rats, 3-NPA-induced animals had a significant rise in the cleaved
caspase 3 antibody activity highlighting the role of 3-NPA. Furthermore, the one-way
ANOVA and parametric measures findings indicate that routine hibiscetin (10 mg/kg)
intervention leads to a remarkable modulation in the caspase 3 activity when matched with
the 3-NPA group. Hibiscetin (10 mg/kg) per se shows no significant effects.
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Figure 3. The impact of hibiscetin on monoamines and free amino acid content in rats with Hunt-
ington’s disease-like symptoms caused by 3-nitropropionic acid (A) DOPAC, (B) HVA, (C) 5-HIAA,
(D) norepinephrine, (E) serotonin, (F) GABA, (G) dopamine (H) glutamate (I) caspase 3. Values are
expressed as mean ± S.E.M. (n = 6). Values are statistically significant at * p < 0.05, ** p < 0.01 vs.
negative control group # p < 0.05, respectively (two-way ANOVA followed by Tukey’s test).

2.5. Estimation of Inflammatory Biomarkers

Figure 4A–C depicts the measurement of proinflammatory factors in rats with HD-
like symptoms generated by 3-NPA, in addition to the possible activities of hibiscetin in
moderating the relevant degrees. In the current study, we discovered that 3-NPA-induced
animals exhibited substantially greater values of several proinflammatory cytokines includ-
ing TNF-α, IL-1β, and MPO than control rats, demonstrating the involvement of 3-NPA in
proinflammatory markers. Furthermore, one-way ANOVA and post hoc analysis demon-
strated that routine hibiscetin (10 mg/kg) shows results in a significant decline in TNF-α
(p < 0.01), IL-1β (p < 0.05), and MPO (p < 0.001), as compared to the 3-NPA control group.
Hibiscetin (10 mg/kg) alone did not produce significance.
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Figure 4. The impact of hibiscetin on inflammatory parameters in rats with Huntington’s disease-like
symptoms caused by 3-nitropropionic acid (A) TNF-α, (B) IL-1β, (C) MPO. Values are expressed
as mean ± S.E.M. (n = 6). Values are statistically significant * p < 0.05, ** p < 0.01, *** p < 0.001 vs.
negative control group # p < 0.05, respectively (one-way ANOVA followed by Tukey’s test).

2.6. Estimation of BDNF Activity

Figure 5 portrays BDNF activity in rats having HD triggered by 3-NPA, as well as the
potential effects of hibiscetin on the aforementioned levels. When compared to control mice,
3-NPA-induced rodents demonstrated a significant reduction in BDNF expression. We
found that the use of hibiscetin (10 mg/kg) treatment resulted in a significant modulation
of BDNF activity in rats compared to 3-NPA control rats according to one-way ANOVA and
post hoc parametric test (p < 0.05). Hibiscetin (10 mg/kg) alone did not produce significance.

Figure 5. The impact of hibiscetin on BDNF activity in rats with Huntington’s disease-like symptoms
caused by 3-nitropropionic acid values are expressed as mean ± S.E.M. (n = 6). Values are statistically
significant at * p < 0.05, vs. negative control group # p < 0.05, respectively (one-way ANOVA followed
by Tukey’s test).

3. Discussion

Researchers looked at hibiscetin as an impending neuroshielding agent for 3-NPA-
induced HD in an experimental paradigm. As part of the screening process, hibiscetin
toxicity tests were conducted to test for potential hazards related to the substance; no
adverse reactions were observed. An earlier study has highlighted the neurotoxic potential
of 3-NPA, a mitochondrial hazardous toxin known to trigger HD manifestations. A rodent
study with 3-NPA showed that it strongly produced symptoms similar to HD. Preclinical
studies suggested that the administration of 3-NPA profoundly affected rodent motor
capabilities. Our study showed substantial modifications in 3-NPA-treated rats, such as a
noticeable decrease in mean body weight compared to normal control rats. Data show that
a change, i.e., a drop in body weight, is an essential feature for the HD [49].
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A number of biochemical evaluations are included in the current study in order to
shed light on the shifts that are linked to HD through experimental models. Several
biochemical factors that contribute to HD pathogenesis are outlined in the testimony. The
biochemical parameters mainly emphasize the evaluation of oxidative stress, assessment
of monoamines metabolites, and estimation of inflammatory markers. Earlier studies
explored the involvement of several oxidative parameters as a substantial hallmark in
the pathology of HD, with great emphasis on GSH, SOD, CAT, LPO, GR, and GPx in
the brain and neuronal tissues. Further, studies also underlined that being an important
hallmark of HD there is a substantial decline in the levels of several biomarkers such as
CAT, GSH, GR, and SOD in 3-NPA-induced experimental animal models for HD [50,51].
The current study found a substantial decrease in CAT, GSH, GR, GPx, and SOD activity in
the rat brain in 3-NPA-treated animals, as well as higher levels of LPO. We suggested that
hibiscetin may be protective efficacy in HD-like symptoms following post-treatment with
hibiscetin for 15 days after induction of 3-NPA. Similarly, previous results revealed that a
change in neurotransmitter levels occurred as an observable event during chemical-induced
neurotoxicity. Furthermore, with special emphasis on monoamines such as serotonin,
norepinephrine, dopamine, GABA, and glutamate, which have been identified as important
targets in the pathology of HD [52–55]. A study was conducted to investigate how much
monoamines and free amino acids were present in brain homogenate in this study. The
injection of 3-NPA dramatically changed the levels of neurotransmitters such as DOPAC,
HVA, 5-HIAA, norepinephrine, serotonin, GABA, and dopamine. In contrast, hibiscetin
treatment significantly restored the above measures in rats.

BDNF is a protein that plays an important role in the growth, survival, and mainte-
nance of neurons in the brain [56]. In HD, the levels of BDNF are known to be decreased,
which contributes to the degeneration of nerve cells and the symptoms of the disease [57].
The reduction of BDNF levels in animals treated with 3-NP is thought to mimic the changes
that occur in HD and provides a useful model to study the mechanisms of the disease
and to develop new treatments [58]. Earlier research revealed that BDNF levels have
dropped in the HD animal model [59]. The drop is attributed to an upsurge in ROS, a
reduction in BDNF, and a change in Huntingtin protein activity [60]. Likewise, we found
that animals treated with 3-NPA remarkably exhibit the remarkable elevation of caspase
activities, which are enzymes that play a role in programmed cell death (apoptosis). This
is thought to mimic the abnormal accumulation of toxic proteins that occurs in HD and
leads to the death of nerve cells in the brain. Animal paradigm 3-NP-induced HD has
helped researchers to understand the underlying mechanisms of the disease and to develop
new treatments. Further, pre-treatment with hibiscetin significantly overcomes the above
downregulations of elevated levels of caspase 3 activity and restored the BDNF suggestive
of its neuroprotective role in 3-NPA-induced neurotoxicity in rats.

Neurodegeneration has been widely associated with neuroinflammation, as there
is widely disseminated evidence. In a number of studies, it has been demonstrated that
neurodegeneration is associated with marked changes in numerous pro-inflammatory
biomarkers, namely TNF-α, IL-1β, and MPO [61,62]. The activation of these pathways is
thought to contribute to the degeneration of nerve cells and the development of symptoms
in the 3-NP-induced model of HD. Furthermore, the studies have demonstrated that the
activation of microglia, the resident immune cells in the brain, and the subsequent release
of pro-inflammatory mediators are involved in the pathogenesis of HD. The activation of
microglia can lead to the release of toxic substances such as reactive oxygen species and
nitric oxide, which can cause damage to nerve cells [63]. The present study demonstrated
that hibiscetin regulates the suppressing neuroinflammatory pathway, and maintains
the monoamines and BDNF as well as caspase 3 activity in the brain. We exposed that
injection of 3-NPA substantially exaggerated the levels of all the biomarkers, which were
effectively suppressed by the administration of hibiscetin suggesting this might produce
its anti-neuroinflammatory effect. Future molecular levels including Western blots and
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immunochemistry studies are required to confirm this mechanism. Limitations of the study
include the short duration and the small number of animals used.

4. Methodology
4.1. Animals

Wistar rats male (180 ± 20 g), n = 6, were chosen and maintained in an in-house
laboratory under standard conditions (25 ± 2 ◦C, humidity 55–60%). During the current
research, rats stayed fed with a standard food pellet meal and were given unlimited supply
of water. The recognized Trans-Genica Animal Ethics Commission has authorized rodent
research (IAEC/TRS/PT/22/10).

4.2. Chemicals

In the existing study, 3-NPA, glutathione-reduced lactate, trichloroacetic acid, and
dehydrogenase estimation kits were obtained from Sigma (St. Louis, MO, USA). High-grade
hibiscetin (98.0% purity) was used in the study and obtained from SK Lab, Maharashtra,
India. Other reagents and chemical compounds from Modern Lab, Maharashtra, India.

4.3. Acute Toxicity Studies

Hibiscetin was assessed for acute oral toxicity using OECD ANNEX-423 standards
(LD50). According to recently reported, we used 10 mg/kg of hibiscetin and delivered it
orally to rats [64].

4.4. Experimental Design

The projected investigation is grounded on formerly conducted studies with slight
reforms. Before start of study, the rats from all groups were subjected to a seven-day
acclimatization period under controlled laboratory conditions. To induce prompt toxicity
in rodents, 3-NPA in saline (pH 7.4) will be administered once daily for 15 days based
on previously conducted protocols [65–67]. In the current investigation, animals were
allocated to four groups (n = 6). Among the four groups, (group 1) was treated with normal
saline, (group 2) hibiscetin (10 mg/kg) only, (group 3) 3-NPA only, and (group 4) 3-NPA
and 10 mg/kg hibiscetin.

From day 8 to 22 normal treated group received saline 3 mL/kg, 3-NPA control group
received 3 mL/kg oral 0.5% sodium CMC post 1h treatment 3-NPA 10 mg/kg., i.p. The test
group 10 mg/kg p.o. dose were received hibiscetin in 0.5% SCMC for 15 days. Each day
post 1 h of above oral treatments, 3-NPA was injected 10 mg/kg of (i.p.) to groups III and
IV. During the protocol, behavioral testing was performed for rats. On the last day, i.e., on
day 22, after body weight assessment brains were used for biological assessments.

4.5. Body Weights

Rats were weighed at the start of study and at end of the study, i.e., on the 22nd day of
the protocol before a biochemical estimation on the last day of the protocol.

4.6. Biological Assessment
4.6.1. Brain Tissue Homogenate

Using ice-cold isotonic saline, the brains of the animals were separated and cleaned.
A phosphate buffer (0.1 M, pH 7.3) was cast-off to homogenize isolated brain samples.
The sections were centrifuged, and the biochemical evaluation was carried out with the
supernatant [68,69].

4.6.2. Brain Biochemical Parameters

The obtained homogenate was subjected to the estimation of various parameters based
on provided standard measurement kits including GSH [70], SOD [71], CAT [72], LPO [73],
GSSG reductase (GR) [74], and inflammatory markers i.e., TNF-α, IL-1β, and MPO. In
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addition to the booklets included with the commercially available kits, previous studies
describe the estimating technique in detail.

4.6.3. Estimation of Brain-Derived Neurotrophic Factor (BDNF) Activity

As recommended by the manufacturer, ELISA kits designed for rats were cast-off to
measure BDNF in the brain tissue homogenate.

4.6.4. Estimation of GPx Activity

Glutathione peroxidase (GPx) action in brain cells was examined using a pre-existing
technique [75]. According to the protocol, supernatants from brain tissues were com-
bined with phosphate buffer (75 mM; pH 7.0), GSH (150 mM), glutathione reductase
(340 U/mL), EDTA (25 mM), NADPH (5 mM), 20% Triton X-100, and sodium citrate
(7.5 mM). A 340 nm measurement was taken of the oxidation of NADPH (extinction
coefficient = 6.22 L/mmol/cm) to NADP+ over 3 min.

4.6.5. Assessment of Monoamines and Caspase 3 Biomarkers

Several monoamines including Dopamine (DA), GABA, glutamate, norepinephrine
(NE), dihydroxy phenylacetic acid (DOPAC), serotonin (5-HT), homovanillic acid (HVA),
and 5-hydroxy indole acetic acid (5-HIAA) were estimated using analytical kits (Sigma-
Aldrich). The quantity of separate monoamine in µg/gram of brain tissue was deter-
mined [76]. The caspase 3 was validated using an ELISA kit and caspase 3 levels biomarkers
were measured in nanograms per milliliter.

4.7. Statistical Analysis

To examine the data in the present study, we used GraphPad Prism 8.0. The outcomes
were measured as mean ± standard error mean (SEM). To find the degree of implication,
and to elucidate the differences among the variables of each group, we implemented
statistical interpretation via one-way analysis of variance (ANOVA) followed by Tukey’s
post hoc test. Statistical implication was well-defined as p values less than 0.05.

5. Conclusions

Evidence claiming hibiscetin to be a strong neuroprotectant and the capacity to alle-
viate many biochemical indicators of oxidative damage, inflammation, the altered neuro-
transmitter in 3-NPA-induced Huntington’s disease, and its related neurotoxicity in exper-
imental mice were assessed for the first time. Interestingly, hibiscetin may be protected
against Huntington’s disease-like symptoms in this model via regulating monoaminergic
neurotransmission.

This might lead to the development of cost-effective flavonoid options for Hunting-
ton’s disease management. Hibiscetin may be effective for treating neurodegenerative
diseases such as Huntington’s disease.

Author Contributions: Conceptualization and investigation, I.K., S.A.A. and F.A.A.-A.; methodology
and formal analysis, N.S.; A.M.A., data curation, M.A.A. and B.M.H., writing—original draft prepa-
ration, S.S.I., B.M.H. and S.A., writing—review and editing, W.A.M. and S.A.; funding acquisition,
W.A.M. All authors have read and agreed to the published version of the manuscript.

Funding: This research is funded by the Deputyship for Research & Innovation, Ministry of Education
in Saudi Arabia - project no. IFKSURG-2-347.

Institutional Review Board Statement: The animal study protocol was approved by the Insti-
tutional Animal Ethics Committee (IAEC /TRS/PT/22/10) of Trans-Genica, India.” for studies
involving animals.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.



Molecules 2023, 28, 1402 11 of 13

Acknowledgments: The authors extend their appreciation to the Deputyship for Research & Innova-
tion, Ministry of Education in Saudi Arabia for funding this research work through the project no.
IFKSURG-2-347.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Kerkis, I.; Haddad, M.S.; Valverde, C.W.; Glosman, S. Neural and mesenchymal stem cells in animal models of Huntington’s

disease: Past experiences and future challenges. Stem Cell Res. Ther. 2015, 6, 232. [CrossRef]
2. Komatsu, H. Innovative Therapeutic Approaches for Huntington’s Disease: From Nucleic Acids to GPCR-Targeting Small

Molecules. Front. Cell. Neurosci. 2021, 15, 785703. [CrossRef] [PubMed]
3. Montoya, A.; Price, B.H.; Menear, M.; Lepage, M. Brain imaging and cognitive dysfunctions in Huntington’s disease. J. Psychiatry

Neurosci. 2006, 31, 21–29. [PubMed]
4. Schiefer, J.; Werner, C.J.; Reetz, K. Clinical diagnosis and management in early Huntington’s disease: A review. Degener. Neurol.

Neuromuscul. Dis. 2015, 5, 37. [PubMed]
5. Nogueira, J.M.; Franco, A.M.; Mendes, S.; Valadas, A.; Semedo, C.; Jesus, G. Huntington’s disease in a patient misdiagnosed as

conversion disorder. Case Rep. Psychiatry 2018, 2018, 3915657. [CrossRef]
6. MacDonald, M.E.; Ambrose, C.M.; Duyao, M.P.; Myers, R.H.; Lin, C.; Srinidhi, L.; Barnes, G.; Taylor, S.A.; James, M.; Groot, N. A

novel gene containing a trinucleotide repeat that is expanded and unstable on Huntington’s disease chromosomes. Cell 1993,
72, 971–983. [CrossRef]

7. Ross, C.A.; Tabrizi, S.J. Huntington’s disease: From molecular pathogenesis to clinical treatment. Lancet Neurol. 2011, 10, 83–98.
[CrossRef]

8. Nopoulos, P.C. Huntington disease: A single-gene degenerative disorder of the striatum. Dialogues Clin. Neurosci. 2022, 18, 91–98.
[CrossRef]

9. Jimenez-Sanchez, M.; Licitra, F.; Underwood, B.R.; Rubinsztein, D.C. Huntington’s disease: Mechanisms of pathogenesis and
therapeutic strategies. Cold Spring Harb. Perspect. Med. 2017, 7, a024240. [CrossRef]

10. Gorman, A.M. Neuronal cell death in neurodegenerative diseases: Recurring themes around protein handling. J. Cell. Mol. Med.
2008, 12, 2263–2280. [CrossRef]

11. Vonsattel, J.; DiFiglia, M. Huntington disease. J. Neuropathol. Exp. Neurol. 1997, 57, 369–384. [CrossRef]
12. DiFiglia, M.; Sapp, E.; Chase, K.; Schwarz, C.; Meloni, A.; Young, C.; Martin, E.; Vonsattel, J.-P.; Carraway, R.; Reeves, S.A. Huntingtin is

a cytoplasmic protein associated with vesicles in human and rat brain neurons. Neuron 1995, 14, 1075–1081. [CrossRef]
13. Guedes-Dias, P.; Pinho, B.R.; Soares, T.R.; de Proença, J.; Duchen, M.R.; Oliveira, J.M. Mitochondrial dynamics and quality control

in Huntington’s disease. Neurobiol. Dis. 2016, 90, 51–57. [CrossRef] [PubMed]
14. Reiner, A.; Dragatsis, I.; Dietrich, P. Genetics and neuropathology of Huntington’s disease. Int. Rev. Neurobiol. 2011, 98, 325–372.
15. Tang, C.; Feigin, A. Monitoring Huntington’s disease progression through preclinical and early stages. Neurodegener. Dis. Manag.

2012, 2, 421–435. [CrossRef]
16. Ferrante, R.J.; Kowall, N.W.; Richardson, E.P. Proliferative and degenerative changes in striatal spiny neurons in Huntington’s

disease: A combined study using the section-Golgi method and calbindin D28k immunocytochemistry. J. Neurosci. 1991,
11, 3877–3887. [CrossRef] [PubMed]

17. Graveland, G.; Williams, R.; DiFiglia, M. Evidence for degenerative and regenerative changes in neostriatal spiny neurons in
Huntington’s disease. Science 1985, 227, 770–773. [CrossRef]

18. Sotrel, A.; Paskevich, P.; Kiely, D.; Bird, E.; Williams, R.; Myers, R. Morphometric analysis of the prefrontal cortex in Huntington’s
disease. Neurology 1991, 41, 1117. [CrossRef]

19. Unschuld, P.G.; Joel, S.E.; Liu, X.; Shanahan, M.; Margolis, R.L.; Biglan, K.M.; Bassett, S.S.; Schretlen, D.J.; Redgrave, G.W.; van
Zijl, P.C. Impaired cortico-striatal functional connectivity in prodromal Huntington’s disease. Neurosci. Lett. 2012, 514, 204–209.
[CrossRef] [PubMed]

20. Unschuld, P.G.; Joel, S.E.; Pekar, J.J.; Reading, S.A.; Oishi, K.; McEntee, J.; Shanahan, M.; Bakker, A.; Margolis, R.L.; Bassett, S.S.
Depressive symptoms in prodromal Huntington’s Disease correlate with Stroop-interference related functional connectivity in
the ventromedial prefrontal cortex. Psychiatry Res. Neuroimaging 2012, 203, 166–174. [CrossRef] [PubMed]

21. Wolf, R.C.; Sambataro, F.; Vasic, N.; Schönfeldt-Lecuona, C.; Ecker, D.; Landwehrmeyer, B. Aberrant connectivity of lateral
prefrontal networks in presymptomatic Huntington’s disease. Exp. Neurol. 2008, 213, 137–144. [CrossRef]

22. Ikeda, H.; Yamaguchi, M.; Sugai, S.; Aze, Y.; Narumiya, S.; Kakizuka, A. Expanded polyglutamine in the Machado–Joseph disease
protein induces cell death in vitro and in vivo. Nat. Genet. 1996, 13, 196–202. [CrossRef]

23. Mangiarini, L.; Sathasivam, K.; Seller, M.; Cozens, B.; Harper, A.; Hetherington, C.; Lawton, M.; Trottier, Y.; Lehrach, H.; Davies,
S.W. Exon 1 of the HD gene with an expanded CAG repeat is sufficient to cause a progressive neurological phenotype in transgenic
mice. Cell 1996, 87, 493–506. [CrossRef]

24. Crossman, A. Functional anatomy of movement disorders. J. Anat. 2000, 196, 519–525. [CrossRef] [PubMed]
25. Graybiel, A.M.; Aosaki, T.; Flaherty, A.W.; Kimura, M. The basal ganglia and adaptive motor control. Science 1994, 265, 1826–1831.

[CrossRef] [PubMed]

http://doi.org/10.1186/s13287-015-0248-1
http://doi.org/10.3389/fncel.2021.785703
http://www.ncbi.nlm.nih.gov/pubmed/34899193
http://www.ncbi.nlm.nih.gov/pubmed/16496032
http://www.ncbi.nlm.nih.gov/pubmed/32669911
http://doi.org/10.1155/2018/3915657
http://doi.org/10.1016/0092-8674(93)90585-E
http://doi.org/10.1016/S1474-4422(10)70245-3
http://doi.org/10.31887/DCNS.2016.18.1/pnopoulos
http://doi.org/10.1101/cshperspect.a024240
http://doi.org/10.1111/j.1582-4934.2008.00402.x
http://doi.org/10.1097/00005072-199805000-00001
http://doi.org/10.1016/0896-6273(95)90346-1
http://doi.org/10.1016/j.nbd.2015.09.008
http://www.ncbi.nlm.nih.gov/pubmed/26388396
http://doi.org/10.2217/nmt.12.34
http://doi.org/10.1523/JNEUROSCI.11-12-03877.1991
http://www.ncbi.nlm.nih.gov/pubmed/1836019
http://doi.org/10.1126/science.3155875
http://doi.org/10.1212/WNL.41.7.1117
http://doi.org/10.1016/j.neulet.2012.02.095
http://www.ncbi.nlm.nih.gov/pubmed/22425717
http://doi.org/10.1016/j.pscychresns.2012.01.002
http://www.ncbi.nlm.nih.gov/pubmed/22974690
http://doi.org/10.1016/j.expneurol.2008.05.017
http://doi.org/10.1038/ng0696-196
http://doi.org/10.1016/S0092-8674(00)81369-0
http://doi.org/10.1046/j.1469-7580.2000.19640519.x
http://www.ncbi.nlm.nih.gov/pubmed/10923984
http://doi.org/10.1126/science.8091209
http://www.ncbi.nlm.nih.gov/pubmed/8091209


Molecules 2023, 28, 1402 12 of 13

26. Barron, J.C.; Hurley, E.P.; Parsons, M.P. Huntingtin and the synapse. Front. Cell. Neurosci. 2021, 15, 225. [CrossRef] [PubMed]
27. André, V.M.; Cepeda, C.; Venegas, A.; Gomez, Y.; Levine, M.S. Altered cortical glutamate receptor function in the R6/2 model of

Huntington’s disease. J. Neurophysiol. 2006, 95, 2108–2119. [CrossRef] [PubMed]
28. Cepeda, C.; Hurst, R.S.; Calvert, C.R.; Hernández-Echeagaray, E.; Nguyen, O.K.; Jocoy, E.; Christian, L.J.; Ariano, M.A.; Levine,

M.S. Transient and progressive electrophysiological alterations in the corticostriatal pathway in a mouse model of Huntington’s
disease. J. Neurosci. 2003, 23, 961–969. [CrossRef]

29. DiProspero, N.A.; Chen, E.-Y.; Charles, V.; Plomann, M.; Kordower, J.H.; Tagle, D.A. Early changes in Huntington’s disease
patient brains involve alterations in cytoskeletal and synaptic elements. J. Neurocytol. 2004, 33, 517–533. [CrossRef]

30. Graham, R.K.; Pouladi, M.A.; Joshi, P.; Lu, G.; Deng, Y.; Wu, N.P.; Figueroa, B.E.; Metzler, M.; André, V.M.; Slow, E.J.; et al.
Differential susceptibility to excitotoxic stress in YAC128 mouse models of Huntington disease between initiation and progression
of disease. J. Neurosci. 2009, 29, 2193–2204. [CrossRef]

31. Joshi, P.R.; Wu, N.-P.; André, V.M.; Cummings, D.M.; Cepeda, C.; Joyce, J.A.; Carroll, J.B.; Leavitt, B.R.; Hayden, M.R.; Levine,
M.S. Age-dependent alterations of corticostriatal activity in the YAC128 mouse model of Huntington disease. J. Neurosci. 2009,
29, 2414–2427. [CrossRef] [PubMed]

32. Walker, F.O. Huntington’s disease. Lancet 2007, 369, 218–228. [CrossRef] [PubMed]
33. Borlongan, C.; Koutouzis, T.; Randall, T.; Freeman, T.; Cahill, D.; Sanberg, P. Systemic 3-nitropropionic acid: Behavioral deficits

and striatal damage in adult rats. Brain Res. Bull. 1995, 36, 549–556. [CrossRef]
34. Wijeyekoon, R.; Barker, R.A. The current status of neural grafting in the treatment of Huntington’s disease. A review. Front. Integr.

Neurosci. 2011, 5, 78. [CrossRef]
35. Kumar, P.; Kalonia, H.; Kumar, A. Possible GABAergic mechanism in the neuroprotective effect of gabapentin and lamotrigine

against 3-nitropropionic acid induced neurotoxicity. Eur. J. Pharmacol. 2012, 674, 265–274. [CrossRef] [PubMed]
36. Dhir, A.; Akula, K.K.; Kulkarni, S. Tiagabine, a GABA uptake inhibitor, attenuates 3-nitropropionic acid-induced alterations in

various behavioral and biochemical parameters in rats. Prog. Neuro-Psychopharmacol. Biol. Psychiatry 2008, 32, 835–843. [CrossRef]
[PubMed]

37. Weir, D.W.; Sturrock, A.; Leavitt, B.R. Development of biomarkers for Huntington’s disease. Lancet Neurol. 2011, 10, 573–590.
[CrossRef] [PubMed]

38. Costa, V.; Scorrano, L. Shaping the role of mitochondria in the pathogenesis of Huntington’s disease. EMBO J. 2012, 31, 1853–1864.
[CrossRef]

39. Pires, T.C.; Dias, M.I.; Barros, L.; Calhelha, R.C.; Alves, M.J.; Oliveira, M.B.P.; Santos-Buelga, C.; Ferreira, I.C. Edible flowers as
sources of phenolic compounds with bioactive potential. Food Res. Int. 2018, 105, 580–588. [CrossRef]

40. Kaisoon, O.; Konczak, I.; Siriamornpun, S. Potential health enhancing properties of edible flowers from Thailand. Food Res. Int.
2012, 46, 563–571. [CrossRef]

41. Rice-Evans, C. Flavonoid antioxidants. Curr. Med. Chem. 2001, 8, 797–807. [CrossRef] [PubMed]
42. Schroeter, H.; Boyd, C.; Spencer, J.P.; Williams, R.J.; Cadenas, E.; Rice-Evans, C. MAPK signaling in neurodegeneration: Influences

of flavonoids and of nitric oxide. Neurobiol. Aging 2002, 23, 861–880. [CrossRef] [PubMed]
43. Ghani, A. Medicinal Plants of Bangladesh: Chemical Constituents and Uses; Asiatic Society of Bangladesh: Nimtari, India, 1998.
44. Tsuda, T.; Horio, F.; Uchida, K.; Aoki, H.; Osawa, T. Dietary cyanidin 3-O-β-D-glucoside-rich purple corn color prevents obesity

and ameliorates hyperglycemia in mice. J. Nutr. 2003, 133, 2125–2130. [CrossRef] [PubMed]
45. Yang, M.-Y.; Peng, C.-H.; Chan, K.-C.; Yang, Y.-S.; Huang, C.-N.; Wang, C.-J. The hypolipidemic effect of Hibiscus sabdariffa

polyphenols via inhibiting lipogenesis and promoting hepatic lipid clearance. J. Agric. Food Chem. 2010, 58, 850–859. [CrossRef]
[PubMed]

46. Abdel-Moemin, A. Effect of Roselle calyces extract on the chemical and sensory properties of functional cupcakes. Food Sci. Hum.
Wellness 2016, 5, 230–237. [CrossRef]

47. Rengarajan, S.; Melanathuru, V.; Govindasamy, C.; Chinnadurai, V.; Elsadek, M.F. Antioxidant activity of flavonoid compounds
isolated from the petals of Hibiscus rosa sinensis. J. King Saud Univ. Sci. 2020, 32, 2236–2242. [CrossRef]

48. Alzarea, S.I.; Afzal, M.; Alharbi, K.S.; Alzarea, A.I.; Alenezi, S.K.; Alshammari, M.S.; Alquraini, A.; Kazmi, I. Hibiscetin attenuates
oxidative, nitrative stress and neuroinflammation via suppression of TNF-α signaling in rotenone induced Parkinsonism in rats.
Saudi Pharm. J. 2022, 30, 1710–1717. [CrossRef]

49. Abdelfattah, M.S.; Badr, S.E.; Lotfy, S.A.; Attia, G.H.; Aref, A.M.; Abdel Moneim, A.E.; Kassab, R.B. Rutin and selenium
co-administration reverse 3-nitropropionic acid-induced neurochemical and molecular impairments in a mouse model of
Huntington’s disease. Neurotox. Res. 2020, 37, 77–92. [CrossRef]

50. Brouillet, E.; Jacquard, C.; Bizat, N.; Blum, D. 3-Nitropropionic acid: A mitochondrial toxin to uncover physiopathological
mechanisms underlying striatal degeneration in Huntington’s disease. J. Neurochem. 2005, 95, 1521–1540. [CrossRef]

51. Túnez, I.; Tasset, I.; Pérez-De La Cruz, V.; Santamaría, A. 3-Nitropropionic acid as a tool to study the mechanisms involved in
Huntington’s disease: Past, present and future. Molecules 2010, 15, 878–916. [CrossRef]

52. Gipson, T.A.; Neueder, A.; Wexler, N.S.; Bates, G.P.; Housman, D. Aberrantly spliced HTT, a new player in Huntington’s disease
pathogenesis. RNA Biol. 2013, 10, 1647–1652. [CrossRef] [PubMed]

53. Jamwal, S.; Kumar, P. Spermidine ameliorates 3-nitropropionic acid (3-NP)-induced striatal toxicity: Possible role of oxidative
stress, neuroinflammation, and neurotransmitters. Physiol. Behav. 2016, 155, 180–187. [CrossRef] [PubMed]

http://doi.org/10.3389/fncel.2021.689332
http://www.ncbi.nlm.nih.gov/pubmed/34211373
http://doi.org/10.1152/jn.01118.2005
http://www.ncbi.nlm.nih.gov/pubmed/16381805
http://doi.org/10.1523/JNEUROSCI.23-03-00961.2003
http://doi.org/10.1007/s11068-004-0514-8
http://doi.org/10.1523/JNEUROSCI.5473-08.2009
http://doi.org/10.1523/JNEUROSCI.5687-08.2009
http://www.ncbi.nlm.nih.gov/pubmed/19244517
http://doi.org/10.1016/S0140-6736(07)60111-1
http://www.ncbi.nlm.nih.gov/pubmed/17240289
http://doi.org/10.1016/0361-9230(94)00242-S
http://doi.org/10.3389/fnint.2011.00078
http://doi.org/10.1016/j.ejphar.2011.11.030
http://www.ncbi.nlm.nih.gov/pubmed/22154757
http://doi.org/10.1016/j.pnpbp.2007.12.017
http://www.ncbi.nlm.nih.gov/pubmed/18234412
http://doi.org/10.1016/S1474-4422(11)70070-9
http://www.ncbi.nlm.nih.gov/pubmed/21601164
http://doi.org/10.1038/emboj.2012.65
http://doi.org/10.1016/j.foodres.2017.11.014
http://doi.org/10.1016/j.foodres.2011.06.016
http://doi.org/10.2174/0929867013373011
http://www.ncbi.nlm.nih.gov/pubmed/11375750
http://doi.org/10.1016/S0197-4580(02)00075-1
http://www.ncbi.nlm.nih.gov/pubmed/12392791
http://doi.org/10.1093/jn/133.7.2125
http://www.ncbi.nlm.nih.gov/pubmed/12840166
http://doi.org/10.1021/jf903209w
http://www.ncbi.nlm.nih.gov/pubmed/20017484
http://doi.org/10.1016/j.fshw.2016.07.003
http://doi.org/10.1016/j.jksus.2020.02.028
http://doi.org/10.1016/j.jsps.2022.09.016
http://doi.org/10.1007/s12640-019-00086-y
http://doi.org/10.1111/j.1471-4159.2005.03515.x
http://doi.org/10.3390/molecules15020878
http://doi.org/10.4161/rna.26706
http://www.ncbi.nlm.nih.gov/pubmed/24256709
http://doi.org/10.1016/j.physbeh.2015.12.015
http://www.ncbi.nlm.nih.gov/pubmed/26703234


Molecules 2023, 28, 1402 13 of 13

54. Kumar, A.; Ratan, R.R. Oxidative stress and Huntington’s disease: The good, the bad, and the ugly. J. Huntingt. Dis. 2016,
5, 217–237. [CrossRef] [PubMed]

55. Wang, L.; Wang, J.; Yang, L.; Zhou, S.-m.; Guan, S.-y.; Yang, L.-k.; Shi, Q.-x.; Zhao, M.-G.; Yang, Q. Effect of Praeruptorin C on
3-nitropropionic acid induced Huntington’s disease-like symptoms in mice. Biomed. Pharmacother. 2017, 86, 81–87. [CrossRef] [PubMed]

56. Gauthier, L.R.; Charrin, B.C.; Borrell-Pagès, M.; Dompierre, J.P.; Rangone, H.; Cordelières, F.P.; De Mey, J.; MacDonald, M.E.;
Leßmann, V.; Humbert, S. Huntingtin controls neurotrophic support and survival of neurons by enhancing BDNF vesicular
transport along microtubules. Cell 2004, 118, 127–138. [CrossRef]

57. Yu, C.; Li, C.H.; Chen, S.; Yoo, H.; Qin, X.; Park, H. Decreased BDNF release in cortical neurons of a knock-in mouse model of
Huntington’s disease. Sci. Rep. 2018, 8, 16976. [CrossRef]

58. Smith-Dijak, A.I.; Sepers, M.D.; Raymond, L.A. Alterations in synaptic function and plasticity in Huntington disease. J. Neurochem.
2019, 150, 346–365. [CrossRef]

59. Shalaby, H.N.; El-Tanbouly, D.M.; Zaki, H.F. Topiramate mitigates 3-nitropropionic acid-induced striatal neurotoxicity via
modulation of AMPA receptors. Food Chem. Toxicol. 2018, 118, 227–234. [CrossRef]

60. Zuccato, C.; Cattaneo, E. Role of brain-derived neurotrophic factor in Huntington’s disease. Prog. Neurobiol. 2007, 81, 294–330.
[CrossRef]

61. Aliaghaei, A.; Boroujeni, M.E.; Ahmadi, H.; Bayat, A.-H.; Tavirani, M.R.; Abdollahifar, M.A.; Pooyafar, M.H.; Mansouri, V. Dental
pulp stem cell transplantation ameliorates motor function and prevents cerebellar atrophy in rat model of cerebellar ataxia. Cell
Tissue Res. 2019, 376, 179–187. [CrossRef]

62. Khan, A.; Jamwal, S.; Bijjem, K.; Prakash, A.; Kumar, P. Neuroprotective effect of hemeoxygenase-1/glycogen synthase kinase-3β
modulators in 3-nitropropionic acid-induced neurotoxicity in rats. Neuroscience 2015, 287, 66–77. [CrossRef]

63. Palpagama, T.H.; Waldvogel, H.J.; Faull, R.L.; Kwakowsky, A. The role of microglia and astrocytes in Huntington’s disease. Front.
Mol. Neurosci. 2019, 12, 258. [CrossRef] [PubMed]

64. Gilani, S.J.; Bin-Jumah, M.N.; Al-Abbasi, F.A.; Albohairy, F.M.; Nadeem, M.S.; Ahmed, M.M.; Alzarea, S.I.; Kazmi, I. The
Ameliorative Role of Hibiscetin against High-Fat Diets and Streptozotocin-Induced Diabetes in Rodents via Inhibiting Tumor
Necrosis Factor-α, Interleukin-1β, and Malondialdehyde Level. Processes 2022, 10, 1396. [CrossRef]

65. Afzal, M.; Sayyed, N.; Alharbi, K.S.; Alzarea, S.I.; Alshammari, M.S.; Alomar, F.A.; Alenezi, S.K.; Quazi, A.M.; Alzarea, A.I.; Kazmi,
I. Anti-Huntington’s Effect of Rosiridin via Oxidative Stress/AchE Inhibition and Modulation of Succinate Dehydrogenase,
Nitrite, and BDNF Levels against 3-Nitropropionic Acid in Rodents. Biomolecules 2022, 12, 1023. [CrossRef] [PubMed]

66. Alshehri, S.; Al-Abbasi, F.A.; Ghoneim, M.M.; Imam, S.S.; Afzal, M.; Alharbi, K.S.; Nadeem, M.S.; Sayyed, N.; Kazmi, I. Anti-
Huntington’s Effect of Butin in 3-Nitropropionic Acid-Treated Rats: Possible Mechanism of Action. Neurotox. Res. 2022, 40, 66–77.
[CrossRef] [PubMed]

67. Mehan, S.; Monga, V.; Rani, M.; Dudi, R.; Ghimire, K. Neuroprotective effect of solanesol against 3-nitropropionic acid-induced
Huntington’s disease-like behavioral, biochemical, and cellular alterations: Restoration of coenzyme-Q10-mediated mitochondrial
dysfunction. Indian J. Pharmacol. 2018, 50, 309. [CrossRef]

68. Durg, S.; Kumar, N.; Vandal, R.; Dhadde, S.B.; Thippeswamy, B.; Veerapur, V.P.; Badami, S. Antipsychotic activity of embelin
isolated from Embelia ribes: A preliminary study. Biomed. Pharmacother. 2017, 90, 328–331. [CrossRef]

69. Shaikh, A.; Dhadde, S.B.; Durg, S.; Veerapur, V.; Badami, S.; Thippeswamy, B.; Patil, J.S. Effect of Embelin Against
Lipopolysaccharide-induced Sickness Behaviour in Mice. Phytother. Res. 2016, 30, 815–822. [CrossRef]

70. Ellman, G. Tissue sulfhvdrvl sroups. Arch. Biochem. Biophvs 1959, 82, 72–77. [CrossRef]
71. Misra, H.P.; Fridovich, I. The role of superoxide anion in the autoxidation of epinephrine and a simple assay for superoxide

dismutase. J. Biol. Chem. 1972, 247, 3170–3175. [CrossRef]
72. Aebi, H.; Wyss, S.R.; Scherz, B.; Skvaril, F. Heterogeneity of erythrocyte catalase II: Isolation and characterization of normal and

variant erythrocyte catalase and their subunits. Eur. J. Biochem. 1974, 48, 137–145. [CrossRef] [PubMed]
73. Ohkawa, H.; Ohishi, N.; Yagi, K. Assay for lipid peroxides in animal tissues by thiobarbituric acid reaction. Anal. Biochem. 1979,

95, 351–358. [CrossRef]
74. Farias, J.G.; Puebla, M.; Acevedo, A.; Tapia, P.J.; Gutierrez, E.; Zepeda, A.; Calaf, G.; Juantok, C.; Reyes, J.G. Oxidative stress in rat

testis and epididymis under intermittent hypobaric hypoxia: Protective role of ascorbate supplementation. J. Androl. 2010, 31,
314–321. [CrossRef] [PubMed]

75. Lawrence, R.A.; Burk, R.F. Glutathione peroxidase activity in selenium-deficient rat liver. Biochem. Biophys. Res. Commun. 1976,
71, 952–958. [CrossRef] [PubMed]

76. Pagel, P.; Blome, J.; Wolf, H.U. High-performance liquid chromatographic separation and measurement of various biogenic
compounds possibly involved in the pathomechanism of Parkinson’s disease. J. Chromatogr. B Biomed. Sci. Appl. 2000, 746,
297–304. [CrossRef]

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 MDPI and/or the editor(s). MDPI 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.

http://doi.org/10.3233/JHD-160205
http://www.ncbi.nlm.nih.gov/pubmed/27662334
http://doi.org/10.1016/j.biopha.2016.11.111
http://www.ncbi.nlm.nih.gov/pubmed/27939523
http://doi.org/10.1016/j.cell.2004.06.018
http://doi.org/10.1038/s41598-018-34883-w
http://doi.org/10.1111/jnc.14723
http://doi.org/10.1016/j.fct.2018.05.022
http://doi.org/10.1016/j.pneurobio.2007.01.003
http://doi.org/10.1007/s00441-018-02980-x
http://doi.org/10.1016/j.neuroscience.2014.12.018
http://doi.org/10.3389/fnmol.2019.00258
http://www.ncbi.nlm.nih.gov/pubmed/31708741
http://doi.org/10.3390/pr10071396
http://doi.org/10.3390/biom12081023
http://www.ncbi.nlm.nih.gov/pubmed/35892333
http://doi.org/10.1007/s12640-021-00462-7
http://www.ncbi.nlm.nih.gov/pubmed/34982357
http://doi.org/10.4103/ijp.IJP_11_18
http://doi.org/10.1016/j.biopha.2017.03.085
http://doi.org/10.1002/ptr.5585
http://doi.org/10.1016/0003-9861(59)90090-6
http://doi.org/10.1016/S0021-9258(19)45228-9
http://doi.org/10.1111/j.1432-1033.1974.tb03751.x
http://www.ncbi.nlm.nih.gov/pubmed/4141308
http://doi.org/10.1016/0003-2697(79)90738-3
http://doi.org/10.2164/jandrol.108.007054
http://www.ncbi.nlm.nih.gov/pubmed/20378932
http://doi.org/10.1016/0006-291X(76)90747-6
http://www.ncbi.nlm.nih.gov/pubmed/971321
http://doi.org/10.1016/S0378-4347(00)00348-0

	Introduction 
	Results 
	Acute Toxicity Assessment 
	Mean Body Weight 
	Oxidative Stress Parameters 
	Monoamine Metabolites and Caspase 3 Biomarkers Estimation 
	Estimation of Inflammatory Biomarkers 
	Estimation of BDNF Activity 

	Discussion 
	Methodology 
	Animals 
	Chemicals 
	Acute Toxicity Studies 
	Experimental Design 
	Body Weights 
	Biological Assessment 
	Brain Tissue Homogenate 
	Brain Biochemical Parameters 
	Estimation of Brain-Derived Neurotrophic Factor (BDNF) Activity 
	Estimation of GPx Activity 
	Assessment of Monoamines and Caspase 3 Biomarkers 

	Statistical Analysis 

	Conclusions 
	References

