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ABSTRACT 
 

Background: Nigella sativa (NS) has antioxidant and neuroprotective effects. Its concurrent use with AEDs could 

be a promising health strategy to prevent the damaging effect on neuronal cells during the episodes of seizures in 

addition to enhancing therapeutic effects and diminishing the adverse drug reactions of AEDs. Purpose: To 

provide the pragmatic perception of utilizing TQ as an adjuvant in antiepileptic therapies to potentiate their 

actions. Methods: The study utilizes systematic reviews on publications of previous studies obtained from 

scholarly journal databases including PubMed, Medline, Ebsco Host, Google Scholar, and Cochrane. The study 

utilizes secondary information obtained from health organizations using filters and keywords to sustain 

information relevancy. The use of search keywords and filters limits the study to relevant peer-reviewed journals. 

The study utilizes information retrieved from in vivo, in vitro and clinical studies captured in the peer-reviewed 

journals on “thymoquinone and epilepsy”, “thymoquinone and neuroprotection” “Nigella Sativa and epilepsy, 
“thymoquinone and AEDs” “model of epilepsy and thymoquinone”. Results: TQ was demonstrated to inhibit 

apoptosis and neuronal degeneration in the cerebral cortex. Furthermore, Nigella sativa oil and its active 

ingredient TQ protects brain tissue against radiation-induced nitrosative stress, TQ plays a crucial protective 

activity in the rat hippocampus and cortical neurons against Aββ1-42 and thus, it may be a promising agent for 

the treatment of Alzheimer’s disease. An interesting series of studies also reported that TQ has shown antiepileptic 

effects. Akhondian et al. reported that orally administered TQ reduces intractable pediatric seizures. Also, 

Hosseinzadeh et al., showed that TQ administered intracerebroventricularly, for epileptiform activity induced by 

using pentylenetetrazole (PTZ) in rats, prolonged the latency to first seizure, and decreased seizure count and the 

periods of tonic-clonic seizure in a dose-dependent manner. In another study, orally administered TQ prolonged 

the first seizure latency, decreased seizure count, and eliminated lethality in PTZ-induced epilepsy. TQ has a 

protective and inhibitory effect on a penicillin epilepsy model, as with the other experimental epilepsy models. 

Conclusion: The current approach to AED discovery is effective for identifying drugs that are useful for the 

symptomatic treatment of seizures. However, such an approach cannot be adequate to develop therapies for 

preventing and modifying the development of epilepsy in a susceptible person. Undoubtedly, TQ is demonstrated 

as an ideal adjuvant to antiepileptic therapies by potentiating their actions and retreating their adverse effects. 

 

Key words: Thymoquinone, Epilepsy, GABA, Nigella Sativa, Neuroprotection. 

INTRODUCTION 

Epilepsy is a common and heterogeneous neurological disorder arising from biochemical and molecular events 

that are incompletely understood. Pharmacotherapy of epilepsy comprises 24 different anti-epileptic drugs, 

(AEDs) yet the exact anticonvulsant mechanisms are not fully elucidated for most of them [1–3]. Initial work of 

Merrit and Putnam in the 1940s commenced with the discovery of antiepileptic drugs based on screening candidate 

drugs in predictive animal models without regard to mechanisms of drug action [4, 5].  
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Remarkably, AEDs often employed in clinical practice with the modest perception of their pharmacodynamic 

effects, their symptomatic benefit in the clinical practice is subsequently followed by an intensive exploration of 

potential molecular targets by which they principally act to confer protection against the seizures [6]. On the 

contrary, the last two decades revealed the buildup of numerous exclusively novel AEDs and their target, notably 

levetiracetam, gabapentin, pregabalin, and ezogabine (formerly, retigabine). This target-based drug discovery 

effort represents a new paradigm in antiepileptic drug discovery [7].  

Despite this additional stream of innovative AEDs, adequate seizure control in several patients is still not 

accomplished. 

This has led investigators to look for the approaches in which damage to the brain culminates in a chronic and 

long-lasting state of impulsive seizures, a process identified as epileptogenesis. Escalating shreds of evidence 

demonstrate that numerous epileptic episodes transpire as the phenomenon of epileptogenesis which comprises 

of the progressive configuration of fresh persistent excitatory circuits, for instance, mossy fiber sprouting [8, 9],  

the discriminatory and progressive loss of unambiguous and susceptible Gabaergic interneurons [10], whereas 

enhancement of glutaminergic activity becomes more obvious [11]. 

 Furthermore, excitatory axons undergoing mossy fiber sprouting accompanied by the organization of novel 

synaptic connectivity is recognized as an omnipresent epileptogenic reaction to hippocampal or neocortical injury 

[12].  

Accumulating shreds of evidence suggest that excitotoxic, necrotic, and programmed (apoptotic) cell deaths are 

being analyzed in brain tissue from identified human focal epilepsy cases. Moreover, the molecular, structural, 

and physiologic plasticity of neural circuits in both human epilepsy and experimental models also remains under 

intense scrutiny, seemingly this area perhaps continues to provide essential information on the mechanisms 

underlying reorganization and synaptogenesis [4]. 

It is noteworthy that reactive astrocytosis leads to the expression of neuronal N-methyl-D-aspartate (NMDA) 

receptors and the release of glutamate [13]. Despite the varied primary pathology of epileptic seizures, the 

mechanisms involved in generating and spreading epileptic discharges converge on a common cellular pathology 

in which the excitatory glutamatergic system plays a key role. Compelling neurophysiologic, pharmacologic, 

biochemical, and anatomical evidence has been accumulated over the last several decades firmly implicating 

ionotropic N-methyl-D-aspartate (NMDA), 2 and a-amino-3-hydroxy-5-methyl-isoxazole-4-propionic acid 

(AMPA)/ kainate and metabotropic glutamate receptor-mediated mechanisms in epileptic seizures. Excitatory 

glutamatergic mechanisms are involved during both acute, transient, evoked transient, evoked and long-term [14]. 

On the other hand with keeping in mind that the release of excitatory neurotransmitters such as glutamate and 

aspartate has important roles in the brain tissue damage. Also, the rats which had experienced recurrent seizures 

showed damages to the parts of the brain such as the hippocampus and other parts of the limbic system. PTZ 

induced repeated seizures damaged to hippocampal neurons of the rats were significantly prevented by NS extract 

[15, 16].  

In general, these findings provide novel perspectives in regards to using TQ as an adjuvant in antiepileptic 

therapies either to potentiate their actions, this may further worth investigating with contemporary AEDs. The 

basic essence of integration of TQ as adjuvants with AEDs is directed towards reducing their essential doses 

which in turn plays an eminent role to circumvent and diminish their inherent adverse effects with overall 

potentiation of their therapeutic activities. Given widely accepted insight of epilepsy that the epilepsy is frequently 

associated with oxidative stress [17], it becomes plausible to utilize safely-applicable anti-oxidants concomitant 

with AEDs to alleviate the overall burden of the disease and to minimize drug-related adverse effects. 

 

Nigella Sativa 

• Characteristics of the plant, seeds, and powder 

Nigella sativa (N. sativa) is an annual plant commonly named as “black seed” or “black cumin”. It is in the family 
Ranunculaceae and is generally native to North Africa, Southern Europe, and Southwest Asia. Its cultivation is 

common in the Middle East (including Syria and Saudi Arabia), South Europe (Turkey), India, and Pakistan [18].  

N. sativa can grow to 20-90 cm tall. The flowers include 5-10 petals and their common colors are yellow, white, 

and pink. The leaves are finely divided with narrow and linear leaf segments. The plant has a large fruit containing 

3-7 united follicles with multiple seeds within each one [19, 20]. Plant seeds are small and angular with an outer 

black and inner white color. Their taste is bitter and the odor is slightly aromatic. The seeds are stored as planting 

material as well as a spice for one year with minimal exposure to the air to avoid loss of aroma [21]. 
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Microscopically, epidermis layers are shown on the transverse sections of seeds, whereby the cells appear 

elliptical and thick-walled. The seed powder is brownish-black with oil globules and parenchymatous cells as 

seen under a microscope [19]. 

• Chemical composition of the seeds 

The fixed oils, proteins, saponin, and alkaloids represent 36%-38% of the seed with 0.4%-2.5% essential oils. The 

predominant constituents of fixed oils are unsaturated fatty acids, such as eicosadienoic and arachidic acids [22]. 

For the essential oils, the main components are thymoquinone (TQ, 28%–57%, Figure A), carvacrol (6%–12%), 

ρ-cymene (7%–16%), t-anethole (0.25%–2.3%) and longifolene (1%–8%) [23]. In general, the seeds contain four 

alkaloids. An indazole nucleus is integrated into the chemical structure of nigellicine (Figure B) and nigellidine 

(Figure C), while the remaining alkaloids are regarded as isoquinolines (nigellimine and nigellimine N-oxide in 

Figure D and Figure E, respectively) [24–26]. Kumara and Huat (2001) have isolated an additional constituent N. 

sativa seeds (alpha-hederin), which expressed an anti-tumor activity [27]. 

 
Figure 1: The chemical structure of some major constituents of N. sativa seeds. (A) thymoquinone; (B) 

nigellicine; (C) nigellidine; (D) nigellimine; (E) nigellimine N-oxide; (F) α-hederin. Adapted from Ali and 

Blunden [23] 

 

N. sativa seeds contain 26.7% protein, 24.9% carbohydrates, 8.4% crude fiber, and 4.8% total ash. Minerals, such 

as copper, zinc, and iron are also abundant. There is a considerable amount of carotene, which could be converted 

into vitamin A [28]. The most abundant quinine constituent (TQ) produces dithymoquinone and high condensation 

products on storage. It is the major impactful substance for the pharmacological properties of black seeds.  

• Therapeutic uses 

Infectious diseases have always constituted the most serious health issue in the world, at least until the beginning 

of the 20th century when chronic degenerative diseases started to develop in developed countries [29]. 

Traditionally, N. sativa seeds and oils were used in the Middle East and Southeast Asia for multiple diseases and 

conditions, such as asthma, bronchitis, and rheumatic diseases. Seed-based tinctures were also utilized for the 

treatment of diarrhea, indigestion, loss of appetite, and worms. Topically, black seed oil was regarded as a local 

anesthetic and antiseptic [30–32].  
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Based on such traditional evidence, the biological activities of N. sativa have been extensively investigated, 

revealing a wide spectrum of therapeutic applications (Table ).  

Table 1: Summary of the main therapeutic effects of N. sativa. 

N. sativa 

Component 
Subjects 

Method of 

administration/quantification 
Therapeutic effect Reference 

Antibacterial Effects 

Ground black 

seeds 

In-vitro 

investigation 
Modified paper disc diffusion Inhibition of S. aureus growth [33] 

Crude alkaloid 

and water 

extracts 

In-vitro 

investigation 
N/A 

Inhibition of selected G-ve 

bacteria 
[34] 

Ethanolic 

extract 

In-vitro 

investigation 

Disc diffusion and in-agar 

dilution methods 
MRSA strains were sensitive [35] 

Seeds 

Adult patients 

positive for H. 

pylori 

Oral Inhibited H. pylori activity [36] 

Antifungal 

Aqueous 

extract 
BALB/C mice I.P Inhibit C. albicans [37] 

Ether extract 
In-vitro 

investigation 
Agar diffusion method Antidermatophyte activity [38] 

Anti-schistosomiasis 

Oil Mice Oral 

Lowering the number of 

Schistosoma mansoni worms 

in the liver when compared to 

praziquantel 

[39] 

Seeds  

In-vitro incubation of crushed 

seeds with the different stages 

of S. mansoni 

Inhibition of all parasitic 

stages of S. mansoni 
[40] 

Anti-oxidant 

Methanol 

extracts 
Cancer cell lines 

Oxygen radical absorbance 

capacity method and a cell-

based assay 

Antioxidant [41] 

Seed powder 
Swiss Albino 

rats 
Oral Antioxidant [42] 

Seeds Broiler chicks Oral 
Prevent oxidative stress in the 

liver 
[43] 

Antidiabetic 

Aqueous 

extract 

STZ-induced 

diabetic rats 
I.P injection Hypoglycemic [44] 

N. sativa 

extract and oil 

STZ-induced 

diabetic rats 
I.P injection 

Reduction of tissue MDA and 

serum glucose 

Increased tissue SOD and 

serum insulin 

[45] 

Volatile oil 
STZ-induced 

diabetic rats 
Oral 

Minimizing the morphological 

changes of pancreatic β-cells 

and preserving their integrity 

[46] 

Anti-inflammatory and anti-allergic 

Oil in capsules 
Patients with 

allergic rhinitis 
Oral 

Reduce nasal congestion, 

sneezing, and runny nose 
[47] 

Immunomodulation 

Aqueous 

extract 

In-vitro 

investigations 

[(3)H]-thymidine incorporation 

and Griess assay, 

Enhance splenocyte 

proliferation 

Suppress the secretion of IL-6, 

TNF-alpha, and NO by 

macrophages (anti-

inflammatory) 

[48] 

Methanolic 

extract 
Balb/c mice I.P 

Enhance WBC count and 

increase bone marrow 

cellularity 

[49] 

MRSA: methicillin-resistant Staphylococcus aureus; G-ve: gram-negative; I.P intraperitoneal; MDA: pancreatic tissue malondialdehyde; 

SOD: superoxide dismutase; STZ: Streptozotocin; IL-6: Interleukin 6; TNF: tumor necrosis factor; NO: nitric oxide; WBC: white blood 

cells;  
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• The toxicological profile 

Generally, black seeds have a low-level of toxicity. The hepatic and renal functions in rats were not affected 

following an intraperitoneal (IP) injection of N. sativa extract at high doses (50 mg/d) for 5 days  [50]. Likewise, 

no toxic effects were reported in mice given fixed oils at a dose of 10 mL/kg for 3 months orally with normal 

histopathological findings [51]. In humans, the topical application of pure N. sativa oil caused allergic contact 

dermatitis in two cases [52]. 

Thymoquinone 

The chemical structure of the monoterpene molecule, TQ, is 2-methyl-5-isopropyl-1, 4-benzoquinone (Figure A). 

TQ is regarded as the most bioactive constituent of the volatile oil of N. sativa. It was first extracted in 1963 from 

the essential oil by El–Dakhakhny [53]. In addition to N. sativa, other sources of TQ include some plants of the 

genera Lamiaceae [54, 55] (such as Coridothymus, Agastache, Monarda, and Origanum), Tetraclinis, 

Cupressaceae, and to a less extent in the seeds of Nigella arvensis [56]. TQ extraction from essential oil could be 

attained by supercritical fluid extraction. This can be performed using food-grade liquid carbon dioxide in high-

pressure cylinders [57]. Hydro-distillation could be also performed using a Clevenger-type apparatus [58]. 

• Thymoquinone Pharmacokinetics 

The pharmacokinetic properties of TQ have been investigated in animals following its 

administration via IV, oral, intragastric, or IP routes, showing promising clinical and pharmaceutical applicability. 

The most commonly reported doses of TQ were 5 mg/kg 

for intravenous injections and 20 mg/kg if given orally [59]. Pharmaceutical consultation is an integral part of the 

retail sale of drugs to the public [60, 61]. 

The mean calculated clearance was 7.19 ± 0.83 ml/kg/min and the volume of distribution at steady state was 

estimated to be 700.90±55.01 ml/kg after IV administration. Additionally, the estimated absorption half-life (t1/2) 

was approximately 217 min. and the elimination t1/2 was 63.43±10.69 min. for IV injection as well as 

274.61±8.48 min. for oral administration. Protein binding of TQ has been reported to be as high as 99% [59]. In 

sum, these results indicate a slow absorption and quick elimination of TQ following oral administration. 

• Pharmacological usages 

TQ has several pharmacological potentials against a set of diseases. Reports have shown a cardioprotective effect 

of TQ against myocardial lesions that mimic myocardial infarction induced by isoproterenol in rats [62]. In rabbits 

fed cholesterol-rich diets, TQ administration at a dose of 20 mg/kg/d caused favorable effects on serum glucose 

and insulin as well as liver enzymes [63]. Nader et al. (2010) suggested a role of TQ in reducing low-density 

lipoprotein (LDL) levels via modulation of LDL-cholesterol uptake through a specific gene-targeted mechanism 

[64]. 

For the antibacterial activity, it has been suggested that TQ enhances the potency of verified antibiotics and 

antiseptics by 4 times [65]. Furthermore, Halawani (Halawani 2009) revealed a promising synergism of TQ with 

cephalexin, gentamicin, and tetracycline against S. aureus [66]. Also, TQ showed an antifungal action by inducing 

a marked inhibition of eight species of dermatophytes compared to griseofulvin and an anti-parasitic activity 

against Giardia lamblia and Entamoeba histolytica [62]. When co-administered with curcumin, TQ synergistically 

elevated antibody levels and promoted cytokine gene countenance against the H9N2 strain of avian influenza 

virus in Turkeys [67]. 

In vivo studies in rats have shown high efficacy of TQ in the treatment of acute gastric ulcer [68], renal 

ischemia/reperfusion injury [69], rheumatoid arthritis (via inhibition of tumor necrosis factor “TNF-α” and 
interleukins “IL-1β”) [70], streptozotocin (STZ)-induced diabetes [71], diabetic neuropathy [46], acute respiratory 

distress syndrome [72], and hepatic toxicity [73]. Besides, it reduced the progression of pulmonary fibrosis [74] 

and ameliorated gentamicin-induced renal failure [75]. 

• Neuroprotective effects of TQ 

The neuroprotective effects of TQ have grabbed the attention of several researchers through enhancing the 

learning and memory aspects and preventing diabetes-induced cognitive impairment, possibly by reducing the 

oxidative stress [76]. Seemingly, TQ is the most effective neuroprotective constituent in N. sativa as it exhibited 

a 10-fold potency in inhibiting nonenzymatic peroxidation as compared to N. sativa oil [77]. Another 
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neuroprotective mechanism was reported in ischemia-reperfusion injury of the spinal cord as evidenced by 

reducing the oxidative products (such as nitric oxide), enhancement of antioxidant enzymes (glutathione-

peroxidase and superoxide dismutase (SOD), inhibition of motor neuronal apoptosis and decreasing the 

production of TNF-α and IL-1 [78]. 

For epilepsy, TQ was beneficial in alleviating seizures induced by either maximal electroshock (MES) or 

pentylenetetrazole (PTZ) when injected IP at doses of 40 and 80 mg/kg along with reducing mortality rates to 

71.4% and 100% for both doses, respectively [79]. Such neuroprotective effect was apparent as the myoclonic 

seizures have been significantly prolonged and their durations were greatly reduced in this epileptic model that 

mimics that of petit mal. Given that PTZ causes a reduction of the GABAergic tone, it is plausible that TQ caused 

an increase in the GABAergic tone [79]. An assumption that should be taken into consideration is that TQ causes 

indirect activation of κ-opioid receptors [80]. Indeed, such activation has been linked with an anticonvulsant 

activity due to blockade of Ca2+ channels [81]. A relatively similar mechanism has been proposed by Ullah et al. 

(2015) when they treated rats having PTZ-induced generalized epilepsy with TQ (oral, 40 mg/kg) and vitamin C 

(IP, 250 mg/kg). Rats pre-treated with either therapies or a combination therapy showed a significant attenuation 

of seizure activity and decreased neurodegeneration and mortality. Furthermore, the onset of seizures was 

prolonged and high-grade seizures were diminished. Both treatments or either of them reversed multiple 

pathogenic factors that have been formerly enhanced during seizures, such as reduction of the expression of 

GABAB receptors, inhibition of the phosphorylation of cAMP response element-binding protein (CREB), and 

reduction of calcium/calmodulin dependent protein kinase II (CaMKII) pathway [82]. 

In another epileptic rat model, Shao and co-workers investigated the role of TQ in reducing brain injury in SE. 

Seizures were induced by lithium and pilocarpine injection and a Racine scale and an electroencephalogram were 

utilized to quantify seizure severity [83]. TQ was administered IP (10 mg/kg) in a rat group and another group 31 

received normal saline as a control. The authors found that the total power of seizures, as well as seizure severity, 

was significantly lower in the TQ group. Consistent with the fact that SE would eventually lead to neuronal injury 

and death [84] via neurotoxicity, inflammation, and inducing oxidative stress, TQ offers protection through its 

potent antioxidant effects. This was confirmed by the increased expression of several antioxidants, including Nrf2 

and heme oxygenase-1 (HO-1) proteins as well as SOD [83] in the TQ-injected rats when compared to the control 

group. Another earlier evidence of TQ effects on SE using the same seizure-induced model has suggested another 

protective mechanism, which suggests that TQ follows an anti-inflammatory pathway to reduce seizure activity 

by inhibiting cytokine expression (TNF-α and cyclooxygenase-2 (COX-2) and inhibiting the inflammatory-

mediating NF-κB signaling [85]. TQ had also a significant effect on another type of intractable epilepsy, namely 

temporal lobe epilepsy (TLE), which is characterized by increased oxidative stress, neuronal loss, and increased 

astrogliosis [86–88]. Dariani and team have shown that TQ injection (10 mg/kg) in an intrahippocampal kainate 

rat model led to attenuation of multiple factors involved in the pathogenesis of increased seizure activity, including 

attenuation of malondialdehyde (MDA, an important indicator of oxidative stress) in the hippocampus, 

astrogliosis, hippocampal neuronal loss and mossy fiber sprouting intensity [89].  

Consistent with the aforementioned findings, Beyazcicek et al. (2016) revealed a favorable impact of TQ in rats 

with penicillin-induced epilepsy. They utilized different doses of TQ (10, 50, and 100 mg/kg, IP) and compared 

their outcomes with other groups receiving a vehicle (dimethylsulfoxide), sham, or control. The results showed 

that TQ prolonged latency time and decreased the frequency and power of epileptic seizures as compared to the 

vehicle-receiving group [90]. However, the authors performed no additional tests to investigate the potential 

mechanisms involved in such antiepileptic effects.  

Overall, the most acceptable mechanisms of action of TQ were summarized in Table 2. 

 

Table 2: The supposed mechanisms of action of TQ in different epileptic models 

Epileptic model Potential mechanism of action of TQ 

Petit mal κ-opioid receptor-mediated augmentation of GABAergic tone 

Status epilepticus 
Activation of an antioxidant mechanism via increasing the expression of Nrf2 and HO-1 

proteins and SOD 

Status epilepticus Inhibition of NF-κB signaling which mediates inflammation 

Temporal lobe epilepsy 
Attenuation of malondialdehyde in the hippocampus, astrogliosis, hippocampal neuronal 

loss and mossy fiber sprouting intensity 

PTZ-induced generalized 

epilepsy 

Enhancing the expression of GABA B1 receptors and activation of CREB and CaMKII 

pathways 

CaMKII: calcium/calmodulin-dependent protein kinase II; CREB: cAMP response element-binding protein; GABA: γ-aminobutyric 

acid; HO-1: Heme oxygenase-1; NF: Nuclear Factor; SOD: Superoxide dismutase; TQ: Thymoquinone. 
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• TQ as an adjuvant to reduce drug toxicity 

The experimental investigations have shown a promising role of TQ when administered with AEDs. Raza et al. 

(2006) evaluated the combined effect of TQ with sodium valproate (SVP) in PTZ- and MES-induced seizure 

models in rats to reduce the potentially toxic adverse effects of SVP given in the drinking water at a dose of 1300-

1500mg/kg/day for 3 weeks [91]. Such toxic doses led to a marked elevation of liver enzymes and an increase in 

lipid peroxidation as well as the reduction of glutathione in hepatocytes [92]. A combination of TQ (5 mg/kg/d) 

and SVP caused normalization of hepatic enzymes and GSH recovery though the abnormal lipid peroxidation was 

not affected (Table 2). TQ caused a significant reduction of the median anticonvulsant effective doses (ED50) of 

SVP from 161 to 112 mg/kg against the PTZ-induced seizures and from 170.1 to 124.8 mg/kg in MES-induced 

epilepsy. Despite the lack of a potent impact on lipid peroxidation in the study of Raza et al. (2006), it seems that 

the hepatoprotective effect of TQ is initiated via an antioxidant mechanism, which has been indicated by an in-

vitro inhibition of non-enzymatic lipid peroxidation in liver homogenate [75, 91]. Indeed, these results suggest a 

considerable hepatoprotective effect of TQ [93, 94] that could induce a beneficial interaction with SVP to help 

reduce its dose and eliminate the expected hepatotoxic and teratogenic implications [95]. 

Another experimental study has employed a kindling model, which has been identified as attaining a progressive 

form of generalized tonic-clonic seizures via repetitive application of electrical stimulation of the brain or 

repetitive administration of sub-convulsive doses of PTZ [96]. Mostafa et al. (2012) have investigated the effects 

of concomitant administration of TQ and PB in PTZ-kindling in rats. A subgroup of rats was divided into five 

groups receiving either PTZ injection alone or followed by PB (30 mg/kg, IP), TQ (20 mg/kg, oral), or a 

combination of both as well as a control group injected with normal saline. Although using either treatments alone 

or in combination was associated with a significant reduction of seizure activity, the addition of TQ was 

insignificant seizure control when compared to PB administration. However, the use of combined TQ and PB was 

associated with a marked improvement of antioxidant parameters like GSH levels, MDA levels, and the activity 

of GSH-peroxidase GSH-reductase as compared to the PB-receiving group (Table 3). As such, it is plausible that 

TQ exerted an antioxidant action that increased the efficacy of PB in the kindled rats [97].  

 

Table 3: The potential effects of TQ to reduce the AED adverse effects. 

Epileptic model 
Concomitant 

AED 
The potential mechanism Reference 

PTZ- and MES-

induced seizures 
SVP 

Normalization of liver enzymes, glutathione recovery and 

potential inhibition of lipid peroxidation 
[91] 

PTZ-induced 

kindling 
PB 

Neuroprotective actions via an antioxidant mechanism 

through the significant improvement of GSH levels, MDA 

levels, and the activity of GSH-peroxidase GSH-reductase 

[97] 

AED: Antiepileptic drug; GSH: Glutathione; MDA: Malondialdehyde; MES: Maximal electroshock; PB: Phenobarbital; PTZ: 

Pentylenetetrazole; SVP: Sodium valproate; TQ: Thymoquinone. 

 

Several studies have investigated the effects of TQ on epilepsy as an adjuvant to AEDs in humans. Akhondian et 

al. (2007) investigated the effects of the aqueous extract of black seed (40 mg/kg/8h) on refractory epilepsy in 

children in a crossover clinical trial. In this study, a group of water extract-receiving patients was compared to a 

placebo-receiving group concomitant with AEDs that have been administered for at least one-month prior 

allocation time. The authors found a significant reduction of seizure frequency in the group that received N. sativa 

water extract [98]. Using TQ exclusively, the same group subsequently conducted a double-blinded clinical trial 

on children having refractory epilepsy, where TQ was administered at a dose of 1 mg/kg (TQ was given orally as 

a syrup with a concentration of 25 mg/ml). Twenty-two patients were allocated to two groups, where they received 

either TQ or placebo for 4 weeks concomitant with the pre-existing AEDs, including clonazepam, CBZ, PHT, 

PB, lamotrigine, and valproate. After cross-over of treatments between placebo and TQ for an additional 4 weeks, 

a significant reduction of seizure frequency in the TQ group as compared to the placebo [99].  

However, another prospective crossover pilot clinical study has shown relatively contrasting outcomes Shawki 

and co-workers used black seed oil to assess the concomitant effects of TQ with the pre-existing AEDs versus 

placebo 35 in children with intractable epilepsy (n=30). The used AEDs were CBZ, valproate, or a polytherapy. 

The authors found no significant effect of TQ on seizure activity as compared to placebo even when the 

interventions were reversed among the groups [100]. Nonetheless, the patients showed a significant improvement 

in oxidative stress markers as shown by the significant reduction of total antioxidant capacity levels in the treated 
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groups when compared to healthy controls (n=5). The inability to reveal a significant difference in this study may 

be attributed to the lack of a double-blinded design, and inadequate epilepsy diary recording [100]. Overall, these 

findings may provide novel perspectives in regards to using TQ as an adjuvant in antiepileptic therapies either to 

potentiate their actions or to alleviate their expected adverse effects. This may further worth investigating with 

contemporary AEDs. We sought in the present study to investigate the effects of TQ combined use with CBZ, a 

widely used AED, and to reveal the potential mechanism of action of TQ to either potentiate the therapeutic 

activity or reduce the onset of adverse effects in an epileptic model in mice.  

 

CONCLUSION 

Awareness of the value of the development of new therapeutic approach beyond the symptomatic treatment of 

epilepsy to modify the progression, or dare we suggest, prevent the development of epilepsy in the susceptible 

patient should be relentlessly increased, adherence to this activity not only leads to the strengthening of the 

rationality of drug therapy but also enhances drug safety in epilepsy. The realization of such a possibility will 

necessitate a change in our current AED discovery approach. Significant progress in our understanding of the 

factors that contribute to human epileptogenesis has been made in recent years. These advances have in large part 

been made possible through the development and characterization of genetic insult, and age-specific animal 

models of epileptogenesis and secondary neuronal hyperexcitability. The true validation of a given model of 

epileptogenesis requires the development of an effective therapy that prevents or delays the development of 

epilepsy or secondary neuronal hyperexcitability in the human condition, and whose activity was predicted by 

preclinical testing. Other key factors in the development of effective medication in epilepsy necessitate a greater 

understanding of the pathophysiology of epilepsy at the molecular and genetic level  

It must be stressed that the principle prerequisite to unravel the basic aim to have a curative medication and to 

effectively control the resistant types of epilepsy, requires a precise and excellent assertive measure warranted to 

elucidate the mechanism of brain tissue glutamate reduction and enhancement of GABAergic mechanism in 

addition to modulation of vital ionic channels. 
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