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Abstract: Thymoquinone (TQ) possesses anticonvulsant, antianxiety, antidepressant, and antipsy-
chotic properties. It could be utilized to treat drug misuse or dependence, and those with memory
and cognitive impairment. TQ protects brain cells from oxidative stress, which is especially pro-
nounced in memory-related regions. TQ exhibits antineurotoxin characteristics, implying its role in
preventing neurodegenerative disorders such as Alzheimer’s disease and Parkinson’s disease. TQ’s
antioxidant and anti-inflammatory properties protect brain cells from damage and inflammation.
Glutamate can trigger cell death by causing mitochondrial malfunction and the formation of reactive
oxygen species (ROS). Reduction in ROS production can explain TQ effects in neuroinflammation. TQ
can help prevent glutamate-induced apoptosis by suppressing mitochondrial malfunction. Several
studies have demonstrated TQ’s role in inhibiting Toll-like receptors (TLRs) and some inflammatory
mediators, leading to reduced inflammation and neurotoxicity. Several studies did not show any
signs of dopaminergic neuron loss after TQ treatment in various animals. TQ has been shown in
clinical studies to block acetylcholinesterase (AChE) activity, which increases acetylcholine (ACh). As
a result, fresh memories are programmed to preserve the effects. Treatment with TQ has been linked
to better outcomes and decreased side effects than other drugs.

Keywords: thymoquinone; anti-inflammation; Alzheimer’s disease; neuroinflammation; Parkinson’s
disease; epilepsy; mitochondrial dysfunction

1. Introduction

Nigella sativa (fennel flower, black seed) had been used as natural medicine traditionally
in the Middle East and referred to as a remedy for many diseases and Habat Elbaraka: “the
Blessed Seed” [1–5]. For many centuries in the Middle East, India, and North Africa, they were
used for diverse ailments such as asthma, bronchitis, inflammatory conditions, hypertensive
disease, diabetes mellitus, headache, fever, seizures, GI disturbances, and microbial infections.
It is also used to stimulate appetite and increase breastfeeding mothers’ milk [6–9]. Nigella
sativa contains 36 to 38% oil, proteins, alkaloids, saponins, and 0.4 to 0.45% volatile oil. TQ
is the primary active substance found in the Nigella sativa seeds, which possesses several
therapeutic benefits with minimal chances of toxicity or side effects [4,6,7,10]. TQ (Figure 1) is
a monoterpene diketone with a molecular weight of 164.204 g/mol, and it is a lipophilic com-
pound. With those characteristics of low molecular weight and being a lipophilic substance, it
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poses the ability to cross the blood-brain barrier. Thus, it is considered a potential substance
targeting the central nervous system. Oxidation of quinone through heat will produce thymol,
converted to Thymohydroquinone through controlled heating. Furthermore, the continuation
of the heating process will result in the production of TQ [8,11].
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Thymoquinone’s pharmacokinetic behaviors have been reported in different stud-
ies [12,13]. Animal models were used to investigate its pharmacokinetics following intra-
venous (5 mg/kg) and oral administration (20 mg/kg). Blood sample concentration of
thymoquinone was measured using high-performance liquid chromatography, which was
much higher following intravenous administration than oral administration (7.49 ± 0.24 vs.
3.48 ± 0.12 µg/mL), respectively [14]. Following intravenous administration, the clearance
was 7.19 ± 0.83 mL/kg/min, and the volume of distribution was 700.90 ± 55.01 mL/kg [14].
While following oral administration, the clearance was 12.30 ± 0.30 mL/min/kg, and the
volume of distribution was 5109.46 ± 196.08 mL/kg [14]. The calculated half-life (T1/2)
following intravenous and oral administration were 63.43 ± 10.69 and 276.61 ± 8.48 min,
respectively—the estimated thymoquinone bioavailability was ~58% [14].

TQ has several therapeutic effects on neurological disease, with the anticonvulsant, an-
tianxiety development, antidepressant, antipsychotic action. Furthermore, it could be used
in memory and cognitive disorders cases to treat drug abuse and dependence [8,15–17]. The
variation in strokes among people regarding the degree of ischemia, localization, duration,
and causes makes it one of the most challenging central nervous system (CNS) diseases [18].
The injury caused by ischemia-reperfusion in the brain is responsible for producing a con-
siderable amount of ROS (hydroxyl radical, superoxide, and hydrogen peroxide) that leads
to oxidative stress, and brain tissues are the most vulnerable to oxidative damage [19–21].
TQ, as an antioxidant, acts as a free radical scavenger or trapping agent and diminishes
ROS-mediated reactions [4,7,19]. TQ has beneficial effects in preventing oxidative stress in-
jury to brain cells, more prominent in the regions responsible for memory function [22]. TQ
is also active on the CNS as antiepileptic. In AD, TQ mitigates stress-associated inflamma-
tion and is reported with a protective effect on neurons against Aβ-induced injury in PC12
cells [6,23,24]. TQ has protective effects against neurotoxin agents, which give the pharma-
cological properties of TQ and its implication in the protection against neurodegenerative
diseases. It works to reverse the neurotoxicity produced by chemical agents such as lead,
ethanol, toluene, glutamate, acrylamide, lipopolysaccharide, and streptozotocin [23,24].
TQ is also reported to protect from certain drugs such as morphine and pentylenetetrazol,
which can produce toxicity, mainly in large doses. The previously mentioned agents are
risk factors for causing CNS-related disorders that are considered neurodegenerative, such
as AD, PD, dementia, epilepsy, etc. [24–26].

2. Effect of Thymoquinone on Neuroinflammation

The main etiologic factor responsible for the pathophysiology of AD and PD is neuroin-
flammation. It can be initiated or enhanced by responding to stimuli such as brain injury and
infection. Enhancement of gene transcription can occur by nuclear factor Kappa-light-chain
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of activated B-cells, which act as a transcription factor that chains with DNA. Consequently,
this enhancement of NF-κB induces inflammation in CNS, especially in microglia, by re-
leasing inflammatory mediators such as COX2 and iNOS and increasing the synthesis of
Prostaglandins [27]. Furthermore, inflammation raises the cellular production of ROS. In
this regard, TQ protects brain cells from different injuries and inflammation because it con-
tains antioxidants and anti-inflammatory effects [28]. TQ treatment inhibits releasing TNF-a,
mRNA, leukotrienes, including IL-6, IL-1b, and Prostaglandin’s synthesis. Essentially, TQ can
inhibit the enzyme nitric oxide synthase (iNOS); as a result, it will reduce the nitrite (NO2

−),
which is evident by reducing the iNOS protein expression. Therefore, iNOS protein expression
reduction can effectively alleviate inflammatory and autoimmune diseases.

Furthermore, in the case of activated microglia, TQ was found to reduce the pro-
inflammatory cytokines and chemokines such as (IL-) 6, IL12p40/70, and granulocyte
colony-stimulating factor [8,29]. TQ inhibits the enhancement of NF-KP activation and its
binding with DNA, consequently inhibiting neuroinflammation. Moreover, the binding of
nuclear factor erythroid-derived 2-like 2 (NFE2L2 or Nrf2) to the antioxidant responsive el-
ement (ARE) is enhanced by TQ treatment that inhibits the inflammation that NF-κB causes
microglia. LPS-induced inflammation of microglia is inhibited by TQ, which interferes with
phosphoinositide 3-kinase (PI3K)/protein kinase B or NF-κB signaling pathways [30,31].
Another neuroinflammatory pathway that TQ is reported to target is the AMP-activated
protein kinase (AMPK) and nicotinamide adenine dinucleotide (oxidized)/sirtuin 1 (SIRT1)
pathways [17]. TQ will activate the AMPK, which has several anti-inflammatory effects;
one mechanism is increased expression of genes that have antioxidant effects. An ad-
ditional mechanism is increasing the level of NAD+, which will activate SIRT1, which
will deacetylate p65 and reduce NF-κB. Moreover, it will increase the accumulation of
Nrf2, which is known as an antioxidant transcription factor. Another reported mechanism
will reduce the LPS-induced ROS generation [17,32]. In experimental allergic encephalitis
(EAE) rates, TQ eliminated the symptoms of the disease with no evidence of inflammation
compared to rates not treated by TQ [17]. The primary mechanism that TQ mediates its
anti-inflammatory properties is the significant decrease in NF-B and TNF production.

3. Effect of Thymoquinone on Neurological Diseases
3.1. Alzheimer’s Disease

AD is the most common neurodegenerative disorder manifested by reduced memory
and other cognitive functions. The symptoms begin in the temporal and frontal lobes of
the brain. AD usually affects patients above 60 years of age but sometimes those who
are significantly younger. The primary mechanism for neural damage in AD is activating
glial cells caused by the inflammation and releasing the proinflammatory cytokines in
the hippocampus that can suppress memory and learning [33–35]. ACh is the principal
neurotransmitter, and its declined release and subsequent hydroxylation with AChE and
butyrylcholinesterase (BChE) decrease ACh rapidly, resulting in learning deficits [15].
Pathophysiology of AD is related to the poisoned consequence of beta-amyloid (Aβ), a
dysfunctional amyloid precursor protein leading to the accumulation of amyloid plaques
in the brain, resulting in damage to the signaling activity of the nerves [2,36,37]. Beta-
amyloid (Aβ) peptides lead to neuronal damage through a complex cascade by releasing
different types of proinflammatory molecules, such as ROS, TNF, and interleukin (IL-1b,
IL-6), which cause mitochondrial damage and finally lead to apoptosis. Additionally,
ROS can lead to macromolecules, e.g., lipids or proteins destruction and dysfunction
in neuronal plasticity [33,38]. The complications of AD in the older population have
resulted from the absence of cholinergic neurons in the basal forebrain and hippocampus
regions. The duration of the symptoms is around 10 years [39]. TQ has a significant
impact on retarding and preventing the progression of AD due to its anti-inflammatory and
antioxidant properties. Reducing the effects of IL-6, TNF-α, NF-k, L, and the suppression of
cytokine production can reverse the inflammatory effects of the hippocampus [33,40]. TQ
can induce protection from Beta-amyloid (Aβ) peptides which cause neurotoxicity.
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TQ ameliorates and prevents Aβ-induced neurotoxicity and mitochondrial membrane
depolarization by inhibiting ROS formation and reducing oxidative stress by antioxidant
properties. TQ improves synaptic vesicle recycling and inhibits Aβ 1–42 aggregation.
Pretreatment with TQ can inhibit apoptosis and free radicals’ production, causing cell
regeneration. In this regard, in vitro studies of anti-Alzheimer impacts of TQ demonstrate
that TQ acting on signal pathways that TNF-a mediates leads to the inhibition of oxidation
of Beta-amyloid (Ab). These happen through downregulation and upregulation effects
on nitric oxide (NO) and glutathione (GSH) [41]. TQ has an antioxidant impact on BV-2
murine microglial cells, affecting ROS and proinflammatory cytokines whose expression is
very high and significant in several neurodegenerative disorders. Moreover, the remedy
with TQ of the lipopolysaccharide/interferon-gamma interacts with the expression of genes
that participated in the oxidation process. In vivo studies show that pretreatment with
TQ has significantly decreased the lack of hippocampal neurons. This effect is due to
the antioxidant activity of TQ on the levels of the superoxide dismutase (SOD) and GSH
activities. TQ has an essential role in the neuroprotective impact on hippocampal cells after
cerebral ischemia through the inhibition of lipid peroxidation [42,43].

It has been demonstrated that in cases of overactivation of NMDA receptors and the
release of the glutamine—which is also known to contribute to neuronal death and the
progression of the disease by increasing the accumulation of Aβ 1–42 aggregates—TQ
can reverse the effect of glutaminergic activation on neuronal cells by the inhibition of the
apoptosis of neuronal cells in the hippocampus [44].

TLRs are receptors found in several immune cells, including astrocytes. It is a trans-
membrane protein with an extracellular leucine-rich repeat domain and an intracellular
Toll–interleukin-1 receptor. The activation of TLR receptors will result in the activation of
(NF-B) and subsequent release of other inflammatory mediators. TQ inhibits the TLR recep-
tors signaling and, accordingly, inhibits the release of the inflammatory mediators [2,45].
Another proposed mechanism is the upregulation of the following four proteins: biliverdin
reductase A (BVR-A), glutaredoxin-3 (Grx-3), 3-mercaptopyruvate sulfotransferase (3-MST),
and mitochondrial Lon protease (LONM), which have been found to have a neuroprotective
and antioxidant effect [46]. A summary of several animal-model studies on the effect of TQ
on AD is illustrated in Table 1.

Table 1. Studies on animal models for the effect of Thymoquinone on AD.

Disease Animal Model Treatment Tissue Sample Result References

AD 48 male albino rats

Lipopolysaccharide with a dose of 0.8 mg/kg was
given as an injection into the peritoneum for one
dose. Group III was treated by a TQ 10 mg/kg

injection into the peritoneum. Group IV was treated
by PNU-120596 1 mg/kg injection into the

peritoneum.

frontal lobe More effective using TQ or α7
nAChR agonist and PAM. [1]

AD Male rats

D-gal dose of (60 mg/kg day) and AlCl3 dose of
(10 mg/kg day) administered through the

peritoneum (i.p.) once daily for 42 days, and after
4 weeks, TQ was administered intragastrically (i.g.)
as a dose of (20 mg/kg/day) once daily for 14 days.

whole brain Increased potential protective
effect of TQ. [2]

AD Twelve-week-old male
Wistar rats

Group (1) is the Control group received (saline).
group (2) received LPS (1 mg/kg i.p.), groups (3–5)

received 2, 5, or 10 mg/kg TQ treatment.

hippocampal and
cortical tissues

Improved the impairment of
learning and memory. [33]

AD Amyloid beta- (Aβ-)
induced neurotoxicity

The intervention group received Aβ1–42 and TQ as
a treatment simultaneously for 72 h.

hippocampal and
cortical neurons

Efficient attenuation of
Aβ1–42-induced neurotoxicity [47]

AD
Adult female rats

injected by
STZ (3 mg/kg)

TQ dose of 20 mg/kg/day was given to rats for
15 days; on the 15th day, STZ injection was given. hippocampus

Noticeable decrease in
STZ-induced

neurodegeneration.
[48]

AD
Thirty adult male

Sprague Dawley albino
rats

(Control group, Group 2 is people with AD):
induced by oral AlCl3 (17 mg/kg/day) for 4 weeks.

Group 3 (TQ/AD): treated with oral TQ
(10 mg/kg/day) and AlCl3 (17 mg/kg/day) for

period of 4 weeks.

hippocampus Protective effects against
neurodegeneration. [49]

AD
Adult female rats

injected with
aggregated Aβ1–42

TQ dosage of (10 mg/kg) was given. The other
group received a TQ dose of 20 mg/kg) for 15 days. hippocampal tissue

Reduced neurotoxicity by
removing Aβ plaques and
restoring neuron viability.

[50]
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3.2. Parkinson’s Disease

PD is a multi-centric neurodegenerative disease distinguished by degeneration of
the dopaminergic system in the pars compacta, the portion of the substantia nigra. The
pathophysiology of PD is mainly related to oxidative stress and inflammation. The major
manifestations of PD are bradykinesia, rigidity, numbness, limpness, and resting tremors,
and are reduced with dopamine replacement therapies [51,52]. Excessive and continuous
muscle contraction causes the rigidity that characterizes resistance to movement. Further-
more, the progression of the disease may lead specifically to dyskinesia. Other symptoms
in the advanced stage of PD such as dementia, depression, autonomic failure, and sleep
abnormality are also evident. Previous clinical therapy of patients includes observing
several factors such as signs and symptoms, disease stage, age, and level of functional
disability. Some medicinal herbs such as Nigella sativa improve PD symptoms and pre-
vent the deterioration of motor symptoms [53–55]. Rotenone, an insecticide and pesticide,
can cause movement failure or Parkinson’s symptoms such as incoordination, muscle
tremor, or rigidity. Cotreatment of rotenone and TQ prevented PD symptoms induced
by rotenone [56–58]. TQ prevents free radicals’ formation; as a result, cell damage due to
oxidative agents is diminished.

The mitochondrial function must be preserved because it mediates apoptotic cell death
in case of dysfunction. This preservation is reported with TQ. It also has a protective effect
against MPTP which induces cell death of dopaminergic cells. MPTP and rotenone exert
their neurotoxic influence through their oxidation injury, and the antioxidant activity of TQ
can oppose the effects of those neurotoxic substances [46,59,60]. Table 2 shows the different
animal studies that addressed the impact of TQ on PD.

Table 2. Animal studies on the effect of Thymoquinone on PD.

Disease Animal Model Treatment Tissue Sample Result References

PD PD mouse model. TQ (10 mg/kg was given for 1 week before
administration of MPTP (25 mg/kg). Striatal region

Inhibition effect against
α-synuclein aggregation and

cellular death.
[3]

PD Primary dopaminergic
cell culture neurons.

dopaminergic neurons tissue was received TQ (0.01,
0.1, 1, and 10 µM) on day 6 i.v. for 6 days. NA Protective effects against MPP+

and rotenone. [56]

PD
Embryonic mouse
mesencephala at
gestation day 14.

Four groups: group 1 control group, group 2
received TQ on the 8th day for 4 days, group 3:

received 1-methyl-4-phenylpyridinium (MPP+) on
the 10th for 48 h, group 4:co-treated with TQ and

MPP+.

NA
Protective effects on the

dopaminergic neurons and
inhibition of their apoptosis.

[61]

PD
6-hydroxydopamine
(6-OHDA)-lesioned

rats.

Oral TQ at different doses of 5 and/or 10 mg/kg
administered 3 times daily for 1 week.

Substantia nigra
pars compacta
and midbrain

Protective effect against
6-OHDA neurotoxicity. [62]

PD
Male Wistar rats

(8–10 months) received
rotenone.

TQ (7.5 and 15 mg/kg/day, po) given as
pretreatment for one hour before administration of

rotenone injection.

Substantia nigra
(SN) and striatum

(ST)

Protection and antioxidant
effects against rotenone. [63]

PD

Adult Wistar rats of
either sex, CPZ dosing
for 21 days to induce

Parkinson’s.

Extracts of Nigella sativa at 200 and 400 mg/kg
doses were given orally. Whole-brain Increased anti-Parkinson’s

activity [64]

A-SN oligomers are also related to the pathophysiology of PD. TQ protects rats’
hippocampus from a-SN-oligomers-induced synaptic toxicity [30]. TQ has the effect of
restoring the synaptic vesicle recycling activity after exposure to A-SN [30]. The antipsy-
chotic property of Haloperidol can cause extrapyramidal effects. These neuroleptic effects
evoke the metabolism of dopaminergic neurons, leading to EPS through ROS production.
Haloperidol also induces bilateral neuronal degeneration and astrogliosis. This degenera-
tion is inhibited by NS containing TQ by decreasing ROS production and controlling the
free radical formation [30]. Treatment with TQ results in a noticeable reduction in GFAP
immunoreactive astrocytes. When GFAP is deceased with less astrocytic stimulation, it
reduces striatal gliosis. Consequently, no symptoms indicated the loss of dopaminergic
neurons in the treated group of animals with TQ. The effect can be attributed to the an-
tioxidative property of TQ, which exhibits a neuroprotective effect through inhibition of
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astroglia-induced toxicity in neurons [30]. EPS of Haloperidol was not seen in rats who
received TQ [65]. Catalepsy is induced by chlorpromazine, which increases oxidative stress
and lipid peroxidation. After administration to the rats, there was an increase in catalepsy
and a decrease in body weight and mobilization. Two significant factors were disturbed
after Chlorpromazine administration. Firstly, it increases the level of thiobarbituric acid,
responsible for lipid peroxidation, and increases nitrite. Secondly, it decrees the level of
glutathione “GSH,” which naturally has antioxidant properties. Cotreatment with TQ,
which has anticataleptic effects in chlorpromazine-treated rats, can decrease TBARS and
nitrite levels. Additionally, the availability of GSH against oxidative stress is increased,
demonstrating that TQ has antioxidant properties, showing a reduction in free radicals’
formation [64].

3.3. Epilepsy

Epilepsy is one of the most heterogeneous neurological disorders caused by a simulta-
neous electrical release of neurons in the brain and is considered a biochemical phenomenon
that is not completely understood. It is characterized by persistent neuronal activity and
repeated spontaneous seizures. Epilepsy is considered an asymptomatic occurrence instead
of a disease arising from traumatic brain injury and genetic factors [66,67]. As a result of
an increased escape of glutamate neurotransmitters, it leads to binding with glutamater-
gic neurons, giving rise to high liberation of calcium in the postsynaptic neuronal cells.
Epilepsy has different categories that depend on age, type of seizures, deterioration of
the condition, and therapy [68]. Cognitive and affective disorders have some drawbacks,
such as impaired emotional learning and spatial memory deficit. Studies have shown
that epilepsy destroys some brain structures, such as the hippocampus and limbic sys-
tem [69,70]. TQ offers protection from glutamate-induced cellular toxicity in SH-SY5Y
neurons. Glutamate has several toxic effects as it can cause loss of viability, the generation
of ROS, dysfunction of the mitochondria that will lead to apoptosis through the decreased
Bax/Bcl-2 ratio, and increased expression of caspase 9. TQ can also protect from the effects
of glutamate by reducing ROS production by inhibiting mitochondria dysfunction, hence
inhibiting apoptosis [69,71].

The impairment in the inhibitory-excitatory balance has been viewed as an essen-
tial mechanism in the pathogenesis of epilepsy. It is explained by increased glutamate
function on the N-methyl-D-aspartate NMDA receptor and decreased GABA receptor
activity. Activation of GABA receptors will lead to the influx of Cl ions, which will result
in hyperpolarization and inhibition of neuronal activity. Picrotoxins and bicuculline are
known inhibitors of the GABA receptors, and several studies have shown that TQ’s anticon-
vulsant activity involved Picrotoxins-sensitive and bicuculline-sensitive GABA receptors.
In addition, TQ modulates its anxiolytic effects through nitric oxide-cyclic guanosine
monophosphate (NO-cGMP) and the GABA pathway [30,72].

Pentylenetetrazol (PTZ) can induce apoptotic neuronal cell death of hippocampal
rats leading to seizures with increased caspase 3 activity. PTZ also increases the number
of apoptotic neuronal cell death in the cerebral cortex, which indicates that PTZ causes
neuronal loss in that area. Apoptotic cell death is diminished by administering TQ mainly
through the antioxidative property. The release of Cytochrome-C and the oxidative stress
process are affected by the mitochondrial pathway, which impacts apoptosis. TQ might
prevent apoptosis via altering mitochondrial function and lowering Cytochrome-C and
Caspase-3. However, it increases the expression of Bcl-2, which preserves membrane
potential and blocks cytochrome-C release. The number of neurons that contain GABA-A is
elevated at the time of the TQ treatment [73,74]. Furthermore, it can ameliorate astrogliosis
neurons. The antiepileptic effect of TQ is explained by decreasing seizure activity and
oxidative degradation of lipids, hippocampal neuronal cell loss, and astrogliosis. There
are significant effects of TQ on myoclonic seizure in PTZ treated rats. The effects are both
the prolonged onset of a seizure and the decreasing of its duration [30]. TQ can increase
GABAergic transmission via opioid kappa receptors, which usually affect Ca2+ channels
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and blocks cellular Ca2+ influx. This result shows that the anticonvulsant effect of TQ is
produced via opioid kappa receptors. TQ prolongs the latency that shows the seizure onset
at 44.4 s to 265.7 s and decreases the duration from 12.2 s to 5.8 s [66].

4. Effect of Thymoquinone on Learning and Memory

Learning and memory are essential for developing the human brain, and impairment
is a significant cause of dementia. It can occur by aging, brain injuries, or neurodegenerative
disorders. Usually, impairment interferes with learning and memory function. The effects
of TQ on memory and cognition are related to spatial memory. This includes the ability of
the brain to recognize, store, and recover information [75]. ACh, a neurotransmitter in CNS,
plays an essential role in managing learning and memory. Memory diminishing could be
caused when the release of ACh decreases. AChE is an enzyme used for the degradation of
ACh. Clinical studies establish that TQ inhibits AChE activity, which increases ACh, thereby
preserving the effects by programming new memories. Another study reports that TQ
prevents memory deficit induced by scopolamine in rats, as the study showed a decrease in
the release of AChE activity in the cortex tissue and hippocampus. TQ has a similar effect
to donepezil, an inhibitor of AChE known to have a favorable impact on reducing brain
tumor necrosis factor-alpha (TNF-α) content and increasing glutathione brain contents [76].
TQ has a valuable ability that protects the brain against cellular damage due to oxidative
stress through free radical scavenging properties, which could help preserve memory loss.
One study shows that prolonged use of TQ increases the consolidation and recall capability
of information storing and spatial memory in diabetic animals [22].

5. Safety and Adverse Effects

The Nigella Sativa oil extracts appear to have a low toxicity level. The administration
of 50 mg/kg of oil to the rats for five days did not show any meaningful hepatic and renal
enzymes activity. When administrating doses up to 10 mL/kg in rats, there were no signs of
toxicity during the 48 h of observation. This indication was also shown when oral administra-
tion for 12 weeks reported the same result as the 48 h observation. There was not any change in
mortality or haptic enzyme. Acute administration of 2 g/kg or more, considered an extremely
high dose, could cause respiration problems. Clinically, high doses release an antioxidant
known as glutathione in the heart, kidney, and liver. Administration concentrations of up to
0.03% for 90 days of TQ in mice’s drinking water showed no toxicity. However, there was
a significant decrease in the fasting plasma glucose concentration [77,78]. Furthermore, a
concentration of 1 mM instantly caused cytotoxicity, as exhibited by nuclear shrinkage
and plasma membrane blebs. TQ lower concentrations such as 100 lM cause cell death
within a few hours after receiving the treatment. TQ concentrations of 50 lM and 25 lM
displayed acute cytotoxicity by high necrosis levels and nearly complete cell annihilation
at the time of collecting within two days. Lower concentrations inducing necrosis were less
toxic. Increasing the concentration of TQ up to 10 lM induces genotoxicity, a significant
increase in the reoccurrence of chromosomal aberrations. Furthermore, it shows cystic- and
genotoxic effects in a concentration-dependent manner. At 2.5 lM, the cytotoxic effect is
proven by an excessive increase in necrotic cells. At 20 lM, an antiproliferative effect is
supported by a significant decline of mitotic cells [79].

6. Conclusions

TQ is the primary active crude extract of Nigella sativa seeds and shows many thera-
peutic benefits, lowers chance of toxicity, and presents minimized side effects. Researchers
in different regions have studied the evolution of ancient uses of TQ to find an alternative
remedy to the current treatments, and they work to minimize the side effects of the use of
TQ. The previous studies showed many effects of TQ against neurological disorders, specif-
ically the neurodegenerative diseases AD and PD. In addition, with its anti-inflammatory
effects, TQ has neuroprotective effects in AD, epilepsy, and PD.



Pharmaceuticals 2022, 15, 408 8 of 11

Author Contributions: Conceptualization and design: F.H.P. and A.M.I.; writing—original draft
preparation: F.H.P., A.M.I., A.A. (Ali Alammar), R.A., M.A. (Mahdi Aleid), A.A. (Ali Alshehhi), M.A.
(Muruj Alshehri), S.M., and N.A.; writing—review and editing: F.H.P., A.M.I., A.A. (Ali Alammar),
R.A., M.A. (Mahdi Aleid), A.A. (Ali Alshehhi), M.A. (Muruj Alshehri), S.M., and N.A.; project
administration: F.H.P. and A.M.I.; All authors have read and agreed to the published version of the
manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data sharing is not applicable.

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

References
1. Ibrahim AbdEl Fattah, L.; Zickri, M.B.; Aal, L.A.; Heikal, O.; Osama, E. The Effect of Thymoquinone, α7 Receptor Agonist and

α7 Receptor Allosteric Modulator on the Cerebral Cortex in Experimentally Induced Alzheimer’s Disease in Relation to MSCs
Activation. IJSC Int. J. Stem Cells 2016, 9, 230–238. [CrossRef] [PubMed]

2. Abulfadl, Y.; El-Maraghy, N.; Ahmed, A.E.; Nofal, S.; Abdel-Mottaleb, Y.; Badary, O. Thymoquinone alleviates the experimentally
induced Alzheimer’s disease inflammation by modulation of TLRs signaling. Hum. Exp. Toxicol. 2018, 37, 1092–1104. [CrossRef]
[PubMed]

3. Ardah, M.T.; Merghani, M.M.; Haque, M.E. Thymoquinone prevents neurodegeneration against MPTP in vivo and modulates
α-synuclein aggregation in vitro. Neurochem. Int. 2019, 128, 115–126. [CrossRef] [PubMed]

4. Badary, O.A.; Taha, R.A.; Gamal El-Din, A.M.; Abdel-Wahab, M.H. Thymoquinone Is a Potent Superoxide Anion Scavenger. Drug
Chem. Toxicol. 2003, 26, 87–98. [CrossRef]

5. Malik, S.; Singh, A.; Negi, P.; Kapoor, V.K. Thymoquinone: A small molecule from nature with high therapeutic potential. Drug
Discov. Today 2021, 26, 2716–2725. [CrossRef] [PubMed]

6. Akhondian, J.; Kianifar, H.; Raoofziaee, M.; Moayedpour, A.; Toosi, M.B.; Khajedaluee, M. The effect of thymoquinone on
intractable pediatric seizures (pilot study). Epilepsy Res. 2011, 93, 39–43. [CrossRef]

7. Hosseinzadeh, H.; Parvardeh, S.; Asl, M.N.; Sadeghnia, H.R.; Ziaee, T. Effect of thymoquinone and Nigella sativa seeds oil on
lipid peroxidation level during global cerebral ischemia-reperfusion injury in rat hippocampus. Phytomedicine 2007, 14, 621–627.
[CrossRef]

8. Jakaria Md Cho, D.-Y.; Ezazul Haque Md Karthivashan, G.; Kim, I.-S.; Ganesan, P.; Choi, D.-K. Neuropharmacological Potential
and Delivery Prospects of Thymoquinone for Neurological Disorders. Oxidative Med. Cell. Longev. 2018, 2018, 1209801.

9. Pal, R.R.; Rajpal, V.; Singh, P.; Saraf, S.A. Recent Findings on Thymoquinone and Its Applications as a Nanocarrier for the
Treatment of Cancer and Rheumatoid Arthritis. Pharmaceutics 2021, 13, 775. [CrossRef]

10. Kohandel, Z.; Farkhondeh, T.; Aschner, M.; Samarghandian, S. Anti-inflammatory effects of thymoquinone and its protective
effects against several diseases. Biomed. Pharmacother. 2021, 138, 111492. [CrossRef]

11. Sarkar, C.; Jamaddar, S.; Islam, T.; Mondal, M.; Islam, M.T.; Mubarak, M.S. Therapeutic perspectives of the black cumin component
thymoquinone: A review. Food Funct. 2021, 12, 6167–6213. [CrossRef] [PubMed]

12. Alkharfy, K.M.; Ahmad, A.; Khan, R.M.A.; Al-Asmari, M. High-Performance Liquid Chromatography of Thymoquinone in
Rabbit Plasma and Its Application to Pharmacokinetics. J. Liq. Chromatogr. Relat. Technol. 2013, 36, 2242–2250. [CrossRef]

13. Ahmad, A.; Khan, R.M.A.; Alkharfy, K.M.; Raish, M.; Al-Jenoobi, F.I.; Al-Mohizea, A.M. Effects of Thymoquinone on the
Pharmacokinetics and Pharmacodynamics of Glibenclamide in a Rat Model. Nat. Prod. Commun. 2015, 10, 1395–1398. [CrossRef]
[PubMed]

14. Alkharfy, K.M.; Ahmad, A.; Khan, R.M.A.; Al-Shagha, W.M. Pharmacokinetic plasma behaviors of intravenous and oral
bioavailability of thymoquinone in a rabbit model. Eur. J. Drug Metab. Pharmacokinet. 2015, 40, 319–323. [CrossRef]

15. Elmaci, I.; Altinoz, M.A. Thymoquinone: An edible redox-active quinone for the pharmacotherapy of neurodegenerative
conditions and glial brain tumors. A short review. Biomed. Pharmacother. 2016, 83, 635–640. [CrossRef]

16. Guler, E.M.; Sisman, B.H.; Kocyigit, A.; Hatiboglu, M.A. Investigation of cellular effects of thymoquinone on glioma cell. Toxicol.
Rep. 2021, 8, 162–170. [CrossRef]

17. Darakhshan, S.; Bidmeshki Pour, A.; Hosseinzadeh Colagar, A.; Sisakhtnezhad, S. Thymoquinone and its therapeutic potentials.
Pharmacol. Res. 2015, 95–96, 138–158. [CrossRef]

18. Landucci, E.; Mazzantini, C.; Buonvicino, D.; Pellegrini-Giampietro, D.E.; Bergonzi, M.C. Neuroprotective Effects of Thymo-
quinone by the Modulation of ER Stress and Apoptotic Pathway in In Vitro Model of Excitotoxicity. Molecules 2021, 26, 1592.
[CrossRef]

19. Xiao, X.-Y.; Zhu, Y.-X.; Bu, J.-Y.; Li, G.-W.; Zhou, J.-H.; Zhou, S.-P. Evaluation of Neuroprotective Effect of Thymoquinone
Nanoformulation in the Rodent Cerebral Ischemia-Reperfusion Model. BioMed Res. Int. 2016, 2016, 2571060. [CrossRef]

http://doi.org/10.15283/ijsc16021
http://www.ncbi.nlm.nih.gov/pubmed/27572711
http://doi.org/10.1177/0960327118755256
http://www.ncbi.nlm.nih.gov/pubmed/29405769
http://doi.org/10.1016/j.neuint.2019.04.014
http://www.ncbi.nlm.nih.gov/pubmed/31028778
http://doi.org/10.1081/DCT-120020404
http://doi.org/10.1016/j.drudis.2021.07.013
http://www.ncbi.nlm.nih.gov/pubmed/34303824
http://doi.org/10.1016/j.eplepsyres.2010.10.010
http://doi.org/10.1016/j.phymed.2006.12.005
http://doi.org/10.3390/pharmaceutics13060775
http://doi.org/10.1016/j.biopha.2021.111492
http://doi.org/10.1039/D1FO00401H
http://www.ncbi.nlm.nih.gov/pubmed/34085672
http://doi.org/10.1080/10826076.2012.717062
http://doi.org/10.1177/1934578X1501000821
http://www.ncbi.nlm.nih.gov/pubmed/26434126
http://doi.org/10.1007/s13318-014-0207-8
http://doi.org/10.1016/j.biopha.2016.07.018
http://doi.org/10.1016/j.toxrep.2020.12.026
http://doi.org/10.1016/j.phrs.2015.03.011
http://doi.org/10.3390/molecules26061592
http://doi.org/10.1155/2016/2571060


Pharmaceuticals 2022, 15, 408 9 of 11

20. Al-Majed, A.A.; Al-Omar, F.A.; Nagi, M.N. Neuroprotective effects of thymoquinone against transient forebrain ischemia in the
rat hippocampus. Eur. J. Pharmacol. 2006, 543, 40–47. [CrossRef]

21. Türkerï, Ö.N.; Tanyelï, A.; Kurt, N.; Bakan, N.; Akdemïr, F.N.E.; Mokhtare, B. Biochemical and Histopathological Evaluation of
the Protective Efficacy of Thymoquinone in Experimentally Ischemia Reperfusion Induced Rat Ovaries. New Trends Med. Sci.
2021, 2, 136–143.

22. Sahak, M.K.A.; Mohamed, A.M.; Hashim, N.H.; Hasan Adli, D.S. Nigella sativa Oil Enhances the Spatial Working Memory
Performance of Rats on a Radial Arm Maze. Evid. Based Complement. Altern. Med. 2013, 2013, 180598. [CrossRef] [PubMed]

23. Farkhondeh, T.; Samarghandian, S.; Hozeifi, S.; Azimi-Nezhad, M. Therapeutic effects of thymoquinone for the treatment of
central nervous system tumors: A review. Biomed. Pharmacother. 2017, 96, 1440–1444. [CrossRef] [PubMed]

24. Khan, A.; Vaibhav, K.; Javed, H.; Khan, M.M.; Tabassum, R.; Ahmed, M.E.; Srivastava, P.; Khuwaja, G.; Islam, F.; Siddiqui, M.S.;
et al. Attenuation of Aβ-induced neurotoxicity by thymoquinone via inhibition of mitochondrial dysfunction and oxidative
stress. Mol. Cell. Biochem. 2012, 369, 55–65. [CrossRef]

25. Das, S.S.; Kannan, R.; George, S.; Chakrapani, B.P.S.; Maliakel, B.; Ittiyavirah, S.; Krishnakumar, I.M. Thymoquinone-rich black
cumin oil improves sleep quality, alleviates anxiety/stress on healthy subjects with sleep disturbances—A pilot polysomnography
study. J. Herb. Med. 2022, 32, 100507. [CrossRef]

26. Roohbakhsh, A.; Moshiri, M.; Salehi Kakhki, A.; Iranshahy, M.; Amin, F.; Etemad, L. Thymoquinone abrogates methamphetamine-
induced striatal neurotoxicity and hyperlocomotor activity in mice. Res. Pharm. Sci. 2021, 16, 391–399. [CrossRef]

27. Alhmied, F.; Alammar, A.; Alsultan, B.; Alshehri, M.; Pottoo, F.H. Molecular Mechanisms of Thymoquinone as Anticancer Agent.
Comb. Chem. High Throughput Screen. 2021, 24, 1644–1653. [CrossRef] [PubMed]

28. Bargi, R.; Hosseini, M.; Asgharzadeh, F.; Khazaei, M.; Shafei, M.N.; Beheshti, F. Protection against blood-brain barrier permeability
as a possible mechanism for protective effects of thymoquinone against sickness behaviors induced by lipopolysaccharide in rats.
Jundishapur J. Nat. Pharm. Prod. 2021, 16, e67765. [CrossRef]

29. Alshyarba, M.; Otifi, H.; Al Fayi, M.; ADera, A.; Rajagopalan, P. Thymoquinone inhibits IL-7-induced tumor progression and
metastatic invasion in prostate cancer cells by attenuating matrix metalloproteinase activity and Akt/NF-κB signaling. Biotechnol.
Appl. Biochem. 2021, 68, 1403–1411. [CrossRef]

30. Farkhondeh, T.; Samarghandian, S.; Shahri, A.M.P.; Samini, F. The Neuroprotective Effects of Thymoquinone: A Review.
Dose-Response 2018, 16, 155932581876145. [CrossRef]

31. Talebi, M.; Talebi, M.; Farkhondeh, T.; Samarghandian, S. Biological and therapeutic activities of thymoquinone: Focus on the
Nrf2 signaling pathway. Phytother. Res. 2021, 35, 1739–1753. [CrossRef] [PubMed]

32. Junaid Md Akter, Y.; Afrose, S.S.; Tania, M.; Khan, M.d.A. Biological Role of AKT and Regulation of AKT Signaling Pathway by
Thymoquinone: Perspectives in Cancer Therapeutics. Mini Rev. Med. Chem. 2021, 21, 288–301. [CrossRef] [PubMed]

33. Bargi, R.; Asgharzadeh, F.; Beheshti, F.; Hosseini, M.; Sadeghnia, H.R.; Khazaei, M. The effects of thymoquinone on hippocampal
cytokine level, brain oxidative stress status and memory deficits induced by lipopolysaccharide in rats. Cytokine 2017, 96, 173–184.
[CrossRef]

34. Yusuf, M.; Khan, M.; Alrobaian, M.M.; Alghamdi, S.A.; Warsi, M.H.; Sultana, S.; Khan, R.A. Brain targeted Polysorbate-80 coated
PLGA thymoquinone nanoparticles for the treatment of Alzheimer’s disease, with biomechanistic insights. J. Drug Deliv. Sci.
Technol. 2021, 61, 102214. [CrossRef]

35. Yu, T.-W.; Lane, H.-Y.; Lin, C.-H. Novel Therapeutic Approaches for Alzheimer’s Disease: An Updated Review. Int. J. Mol. Sci.
2021, 22, 8208. [CrossRef] [PubMed]

36. Ismail, N.; Ismail, M.; Latiff, L.A.; Mazlan, M.; Mariod, A.A. Black Cumin Seed (Nigella Sativa Linn.) Oil and Its Fractions Protect
Against Beta Amyloid Peptide-Induced Toxicity in Primary Cerebellar Granule Neurons: Neuroprotective Effect of N. Sativa Oil.
J. Food Lipids 2008, 15, 519–533. [CrossRef]

37. Nampoothiri, N.; Sundararajan, V.; Pallavi, D.; Venkatasubbu, G.D.; Mohideen, S.S. Thymoquinone as a potential therapeutic for
Alzheimer’s disease in transgenic Drosophila melanogaster model. BIOCELL 2021, 45, 1251–1262. [CrossRef]

38. Ozbolat, G.; Alizade, A. Investigation of the protective effect of thymoquinone of U87 cells induced by beta-amyloid. Bratisl. Lek.
Listy 2021, 122, 748–752. [CrossRef]

39. El-Marasy, S.A.; El-Shenawy, S.M.; El-Khatib, A.S.; El-Shabrawy, O.A.; Kenawy, S.A. Effect of Nigella sativa and wheat germ oils
on scopolamine-induced memory impairment in rats. Bull. Fac. Pharm. Cairo Univ. 2012, 50, 81–88. [CrossRef]

40. Chen, X.; Drew, J.; Berney, W.; Lei, W. Neuroprotective Natural Products for Alzheimer’s Disease. Cells 2021, 10, 1309. [CrossRef]
41. Samad, N.; Manzoor, N.; Muneer, Z.; Bhatti, S.A.; Imran, I. Reserpine-induced altered neuro-behavioral, biochemical and

histopathological assessments prevent by enhanced antioxidant defence system of thymoquinone in mice. Metab. Brain Dis. 2021,
36, 2535–2552. [CrossRef] [PubMed]

42. Cascella, M.; Bimonte, S.; Barbieri, A.; Del Vecchio, V.; Muzio, M.R.; Vitale, A.; Benincasa, G.; Ferriello, A.B.; Azzariti, A.; Arra, C.;
et al. Dissecting the Potential Roles of Nigella sativa and Its Constituent Thymoquinone on the Prevention and on the Progression
of Alzheimer’s Disease. Front. Aging Neurosci. 2018, 10, 16. [CrossRef] [PubMed]

43. Ganguly, U.; Kaur, U.; Chakrabarti, S.S.; Sharma, P.; Agrawal, B.K.; Saso, L.; Chakrabarti, S. Oxidative Stress, Neuroinflammation,
and NADPH Oxidase: Implications in the Pathogenesis and Treatment of Alzheimer’s Disease. Oxid. Med. Cell. Longev. 2021,
2021, 7086512. [CrossRef] [PubMed]

http://doi.org/10.1016/j.ejphar.2006.05.046
http://doi.org/10.1155/2013/180598
http://www.ncbi.nlm.nih.gov/pubmed/24454487
http://doi.org/10.1016/j.biopha.2017.12.013
http://www.ncbi.nlm.nih.gov/pubmed/29223556
http://doi.org/10.1007/s11010-012-1368-x
http://doi.org/10.1016/j.hermed.2021.100507
http://doi.org/10.4103/1735-5362.319577
http://doi.org/10.2174/1386207323999201027225305
http://www.ncbi.nlm.nih.gov/pubmed/33115388
http://doi.org/10.5812/jjnpp.67765
http://doi.org/10.1002/bab.2062
http://doi.org/10.1177/1559325818761455
http://doi.org/10.1002/ptr.6905
http://www.ncbi.nlm.nih.gov/pubmed/33051921
http://doi.org/10.2174/1389557520666201005143818
http://www.ncbi.nlm.nih.gov/pubmed/33019927
http://doi.org/10.1016/j.cyto.2017.04.015
http://doi.org/10.1016/j.jddst.2020.102214
http://doi.org/10.3390/ijms22158208
http://www.ncbi.nlm.nih.gov/pubmed/34360973
http://doi.org/10.1111/j.1745-4522.2008.00137.x
http://doi.org/10.32604/biocell.2021.015090
http://doi.org/10.4149/BLL_2021_120
http://doi.org/10.1016/j.bfopcu.2012.05.001
http://doi.org/10.3390/cells10061309
http://doi.org/10.1007/s11011-021-00789-2
http://www.ncbi.nlm.nih.gov/pubmed/34309746
http://doi.org/10.3389/fnagi.2018.00016
http://www.ncbi.nlm.nih.gov/pubmed/29479315
http://doi.org/10.1155/2021/7086512
http://www.ncbi.nlm.nih.gov/pubmed/33953837


Pharmaceuticals 2022, 15, 408 10 of 11

44. Fouad, I.A.; Sharaf, N.M.; Abdelghany, R.M.; El Sayed, N.S.E.D. Neuromodulatory Effect of Thymoquinone in Attenuating
Glutamate-Mediated Neurotoxicity Targeting the Amyloidogenic and Apoptotic Pathways. Front. Neurol. 2018, 9, 236. [CrossRef]
[PubMed]

45. Ali, M.d.Y.; Akter, Z.; Mei, Z.; Zheng, M.; Tania, M.; Khan, M.d.A. Thymoquinone in autoimmune diseases: Therapeutic potential
and molecular mechanisms. Biomed. Pharmacother. 2021, 134, 111157. [CrossRef]

46. Cobourne-Duval, M.K.; Taka, E.; Mendonca, P.; Soliman, K.F.A. Thymoquinone increases the expression of neuroprotective
proteins while decreasing the expression of pro-inflammatory cytokines and the gene expression NFκB pathway signaling targets
in LPS/IFNγ -activated BV-2 microglia cells. J. Neuroimmunol. 2018, 320, 87–97. [CrossRef]

47. Alhebshi, A.H.; Gotoh, M.; Suzuki, I. Thymoquinone protects cultured rat primary neurons against amyloid β-induced neurotoxi-
city. Biochem. Biophys. Res. Commun. 2013, 433, 362–367. [CrossRef]

48. Poorgholam, P.; Yaghmaei, P.; Hajebrahimi, Z. Thymoquinone recovers learning function in a rat model of Alzheimer’s disease.
Avicenna J. Phytomed. 2018, 8, 188–197.

49. Fiasal Zaher, M.; Abdelfattah Bendary, M.; Saeed Abd El-Aziz, G.; Shaker Ali, A. Potential Protective Role of Thymoquinone on
Experimentally-induced Alzheimer Rats. JPRI J. Pharm. Res. Int. 2019, 31, 1–18. [CrossRef]

50. Elibol, B.; Beker, M.; Terzioglu-Usak, S.; Dalli, T.; Kilic, U. Thymoquinone administration ameliorates Alzheimer’s disease-like
phenotype by promoting cell survival in the hippocampus of amyloid beta1–42 infused rat model. Phytomedicine 2020, 79, 153324.
[CrossRef]

51. Song, J.-X.; Sze, S.C.-W.; Ng, T.-B.; Lee, C.K.-F.; Leung, G.P.H.; Shaw, P.-C.; Tong, Y.; Zhang, Y.B. Anti-Parkinsonian drug discovery
from herbal medicines: What have we got from neurotoxic models? J. Ethnopharmacol. 2012, 139, 698–711. [CrossRef] [PubMed]

52. Uddin, M.N.; Hoq, M.I.; Jahan, I.; Siddiqui, S.A.; Clinton, C.D.; Ibrahim, M.; Islam, M.S.; Jakaria, M. The Mechanistic Role
of Thymoquinone in Parkinson’s Disease: Focus on Neuroprotection in Pre-Clinical Studies. Curr. Mol. Pharmacol. 2021, 14,
1083–1092. [CrossRef] [PubMed]

53. Jahromy, M.H.; Jalili, M.; Mohajer, A.J.; Poor, F.K.; Dara, S.M. Effects of Nigella sativa Seed Extract on Perphenzine-Induced Muscle
Rigidity in Male Mice. WJNS 2014, 04, 313–318. [CrossRef]

54. Khalilullah, H. Anti-epileptic Action of Thymoquinone. In Molecular and Therapeutic Actions of Thymoquinone; Younus, H., Ed.;
Springer: Singapore, 2018; pp. 75–80. Available online: http://link.springer.com/10.1007/978-981-10-8800-1_7 (accessed on 13
March 2022).

55. Iranshahy, M.; Javadi, B.; Sahebkar, A. Protective effects of functional foods against Parkinson’s disease: A narrative review on
pharmacology, phytochemistry, and molecular mechanisms. Phytother. Res. 2022. [CrossRef] [PubMed]

56. Radad, K.; Moldzio, R.; Taha, M.; Rausch, W.-D. Thymoquinone protects dopaminergic neurons against MPP + and rotenone.
Phytother. Res. 2009, 23, 696–700. [CrossRef] [PubMed]

57. Butt, M.S.; Imran, M.; Imran, A.; Arshad, M.S.; Saeed, F.; Gondal, T.A.; Shariati, M.A.; Gilani, S.A.; Tufail, T.; Ahmad, I.; et al.
Therapeutic perspective of thymoquinone: A mechanistic treatise. Food Sci. Nutr. 2021, 9, 1792–1809. [CrossRef] [PubMed]

58. Al Mamun, A.; Matsuzaki, K.; Islam, R.; Hossain, S.; Hossain, M.E.; Katakura, M.; Arai, H.; Shido, O.; Hashimoto, M. Chronic
Administration of Thymoquinone Enhances Adult Hippocampal Neurogenesis and Improves Memory in Rats Via Regulating the
BDNF Signaling Pathway. Neurochem. Res. 2022, 47, 933–951. [CrossRef]

59. Liang, J.; Lian, L.; Wang, X.; Li, L. Thymoquinone, extract from Nigella sativa seeds, protects human skin keratinocytes against
UVA-irradiated oxidative stress, inflammation and mitochondrial dysfunction. Mol. Immunol. 2021, 135, 21–27. [CrossRef]

60. Alrafiah, A. Thymoquinone Protects Neurons in the Cerebellum of Rats through Mitigating Oxidative Stress and Inflammation
Following High-Fat Diet Supplementation. Biomolecules 2021, 11, 165. [CrossRef]

61. Radad, K.S.; Al-Shraim, M.M.; Moustafa, M.F.; Rausch, W.-D. Neuroprotective role of thymoquinone against 1-methyl-4-
phenylpyridinium-induced dopaminergic cell death in primary mesencephalic cell culture. Neurosciences 2015, 20, 10–16.

62. Sedaghat, R.; Roghani, M.; Khalili, M. Neuroprotective effect of thymoquinone, the nigella sativa bioactive compound, in
6-hydroxydopamine-induced hemi-parkinsonian rat model. Iran. J. Pharm. Res. 2014, 13, 227–234. [PubMed]

63. Ebrahimi, S.S.; Oryan, S.; Izadpanah, E.; Hassanzadeh, K. Thymoquinone exerts neuroprotective effect in animal model of
Parkinson’s disease. Toxicol. Lett. 2017, 276, 108–114. [CrossRef] [PubMed]

64. Sandhua, K.S.; Ranab, A.C. Evaluation of Anti Parkinson’s Activity of Nigella Sativa (Kalonji) Seeds in Chlorpromazine Induced
Experimental Animal Model. Int. J. Pharm. Pharm. Sci. 2013, 5, 884–888.

65. Malik, T.; Hasan, S.; Pervez, S.; Fatima, T.; Haleem, D.J. Nigella sativa Oil Reduces Extrapyramidal Symptoms (EPS)-Like Behavior
in Haloperidol-Treated Rats. Neurochem. Res. 2016, 41, 3386–3398. [CrossRef] [PubMed]

66. Beyazcicek, E.; Ankarali, S.; Beyazcicek, O.; Ankarali, H.; Demir, S.; Ozmerdivenli, R. Effects of thymoquinone, the major
constituent of Nigella sativa seeds, on penicillin-induced epileptiform activity in rats. NSJ 2016, 21, 131–137. [CrossRef]

67. Pottoo, F.H.; Salahuddin, M.; Khan, F.A.; Alomar, F.; Al Dhamen, M.A.; Alhashim, A.F.; Alqattan, H.H.; Gomaa, M.S.; Alomary,
M.N. Thymoquinone Potentiates the Effect of Phenytoin against Electroshock-Induced Convulsions in Rats by Reducing the
Hyperactivation of m-TOR Pathway and Neuroinflammation: Evidence from In Vivo, In Vitro and Computational Studies.
Pharmaceuticals 2021, 14, 1132. [CrossRef]

68. Ayaz, M.; Sadiq, A.; Junaid, M.; Ullah, F.; Subhan, F.; Ahmed, J. Neuroprotective and Anti-Aging Potentials of Essential Oils from
Aromatic and Medicinal Plants. Front. Aging Neurosci. 2017, 9, 168. [CrossRef]

http://doi.org/10.3389/fneur.2018.00236
http://www.ncbi.nlm.nih.gov/pubmed/29706929
http://doi.org/10.1016/j.biopha.2020.111157
http://doi.org/10.1016/j.jneuroim.2018.04.018
http://doi.org/10.1016/j.bbrc.2012.11.139
http://doi.org/10.9734/jpri/2019/v31i630358
http://doi.org/10.1016/j.phymed.2020.153324
http://doi.org/10.1016/j.jep.2011.12.030
http://www.ncbi.nlm.nih.gov/pubmed/22212501
http://doi.org/10.2174/1874467214666210105140944
http://www.ncbi.nlm.nih.gov/pubmed/33402092
http://doi.org/10.4236/wjns.2014.44035
http://link.springer.com/10.1007/978-981-10-8800-1_7
http://doi.org/10.1002/ptr.7425
http://www.ncbi.nlm.nih.gov/pubmed/35244296
http://doi.org/10.1002/ptr.2708
http://www.ncbi.nlm.nih.gov/pubmed/19089849
http://doi.org/10.1002/fsn3.2070
http://www.ncbi.nlm.nih.gov/pubmed/33747489
http://doi.org/10.1007/s11064-021-03495-8
http://doi.org/10.1016/j.molimm.2021.03.015
http://doi.org/10.3390/biom11020165
http://www.ncbi.nlm.nih.gov/pubmed/24734075
http://doi.org/10.1016/j.toxlet.2017.05.018
http://www.ncbi.nlm.nih.gov/pubmed/28526446
http://doi.org/10.1007/s11064-016-2073-z
http://www.ncbi.nlm.nih.gov/pubmed/27752803
http://doi.org/10.17712/nsj.2016.2.20150781
http://doi.org/10.3390/ph14111132
http://doi.org/10.3389/fnagi.2017.00168


Pharmaceuticals 2022, 15, 408 11 of 11

69. Seghatoleslam, M.; Alipour, F.; Shafieian, R.; Hassanzadeh, Z.; Edalatmanesh, M.A.; Sadeghnia, H.R.; Hosseini, M. The effects of
Nigella sativa on neural damage after pentylenetetrazole induced seizures in rats. J. Tradit. Complement. Med. 2016, 6, 262–268.
[CrossRef]

70. Hajipour, S.; Farbood, Y.; Dianat, M.; Rashno, M.; Khorsandi, L.S.; Sarkaki, A. Thymoquinone improves cognitive and hippocam-
pal long-term potentiation deficits due to hepatic encephalopathy in rats. Iran. J. Basic Med. Sci. 2021, 24, 881–891.
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