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Abstract: Recent research underscores the pivotal role of oxidative stress in cerebral alterations, 

prompting investigations into strategies such as the utilization of natural substances derived 

from medicinal plants, including Nigella sativa L. (NS) for their therapeutic potential. NS is 

known for its bioactive compounds that play a significant role in disease prevention and 

treatment. This study employed Fourier Transform Infrared Spectroscopic (FT-IR) analysis to 

identify functional groups and compounds in NS seed and to examine its preventive effects on 

cerebral oxidative changes induced by a high-fat diet (HFD) supplemented with iron in NMRI 

mice. The focus was on lipid oxidation, Ferric Reducing Antioxidant Power (FRAP), thiol 

groups, catalase activity, and Reduced Glutathione (GSH) levels. Mice were randomly assigned 

to four experimental groups (six mice per group): control (ST), control + NS seed powder 

(ST+NSP), high-fat diet with FeCl₃ (HFD/Fe
3+

), and HFD/Fe
3+

 + NSP. Following an 11-week 

experimental period, lipid oxidation, FRAP, thiol groups, and CAT activity were measured in 

plasma and brain, while GSH levels were assessed exclusively in the brain. NS significantly 

reduced lipid peroxidation in HFD/Fe
3+

 mice and restored FRAP, thiol groups, CAT activity, 

and GSH levels, which were markedly reduced in HFD/Fe
3+

 mice compared to the ST group. 

The HFD/Fe
3+

 regimen increased lipid peroxidation products relative to the ST group. These 

findings suggest that NSP supplementation mitigates cerebral oxidative stress and enhances 

antioxidant enzyme activity. 

Key words: black cumin, lipid oxidation, oxidative stress, hyperlipidic diet, FeCl3, brain 

alterations 

 

 

INTRODUCTION 

The emergence of oxidative stress as a me-

tabolic disorder is attributed to changes in 

lifestyle, social and economic conditions, and 

increased exposure to environmental pollutants 

and toxins. This chronic, multifactorial, and 

complex phenomenon involves both genetic 

and environmental influences. Oxidative stress 

is associated with numerous health conditions, 

including diabetes, hypertension, cardiovas-

cular diseases, kidney disease, cancer, and 

neurodegenerative disorders (Mamun et al., 

2019). It is characterized by an overproduction 
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of reactive oxygen species (ROS), which are 

toxic due to their potential to damage vital cel-

lular components such as lipids, proteins, and 

DNA, ultimately leading to cell death (Bon-

nefont-Rousselot, 2014). Neurons are parti-

cularly susceptible to oxidative stress because 

of their high oxidative metabolism, rich lipid 

content, and dependence on astrocytes for an-

tioxidant support (Ré, Nafia, Nieoullon, Le 

Goff & Had-Aissouni, 2005; Chen, Guo & 

Kong, 2012). Oxidative stress can lead to neu-

ronal death in degenerative diseases -both 

acute (ischemia, trauma) and chronic (inclu-

ding amyotrophic lateral sclerosis, Alzhei-

mer's disease, Parkinson's disease, and Hun-

tington's disease) (Ré et al., 2005).  

The brain’s high oxidative metabolism results 

in substantial ROS production (Juurlink & Pa-

terson, 1998).  Additionally, the brain contains 

large amounts of iron, which can catalyse ROS 

production (Ré et al., 2005). The brain is also 

abundant in polyunsaturated fatty acids, ma-

king it susceptible to lipid peroxidation. Fu-

rthermore, antioxidant enzyme activity in the 

brain is significantly lower than in the liver or 

kidneys (Ré et al., 2005). In the brain, GSH is 

the primary defence against ROS. However, 

GSH synthesis in neurons is heavily reliant on 

metabolic exchanges with astrocytes, and any 

disruption in the supply of GSH precursors 

from glial cells could compromise the neurons' 

antioxidant defences. Moreover, as neurons are 

post-mitotic cells, they are generally irrepla-

ceable if they suffer irreversible damage (Ré et 

al., 2005). 

A commonly accepted definition of this ce-

rebral alteration involves the progressive de-

generation of neurons, typically affecting a 

specific subset of nerve cells. This pheno-

menon can arise from various factors, inclu-

ding genetic, environmental, biological, auto-

immunity, and ageing (Gaeta & Hider, 2005). 

Recent evidence indicates a significant asso-

ciation between a high-fat diet and oxidative 

stress in brain alteration. In experimental mo-

dels, an HFD is frequently employed to induce 

dietary-related oxidative stress (OS). HFD not 

only impact the immune system by altering in-

flammatory responses but also promotes adi-

posity (Gil-Cardoso et al., 2017). Furthermore, 

HFD has been demonstrated to induce changes 

in gut microbiota composition, increase intes-

tinal permeability and impair mucosal barrier 

function (Custers & Kiliaan, 2022). Prolonged 

consumption of a diet high in saturated fats is 

recommended as a model for inducing OS, as 

it significantly reduces hepatic antioxidant en-

zyme activity and elevates lipid peroxidation 

(LPO) levels (Chung, Gurtu, Chakravarthi, 

Moorthy & Palaniasamy, 2018). Moreover, 

HFD can directly affect the brain by increasing 

the permeability of the blood-brain barrier 

(BBB), allowing dietary lipids and inflame-

matory molecules to penetrate the central ner-

vous system (Custers & Kiliaan, 2022). This 

promotes the infiltration of free fatty acids and 

lipopolysaccharides (LPS) into the brain, 

which subsequently triggers neuroinflam-

mation and oxidative stress (Chianese et al., 

2018; Melo, Santos & Ferreira, 2019). Once 

inside, dietary lipids, particularly saturated and 

trans fats, integrate into neuronal membranes, 

altering their composition and fluidity (Custers 

& Kiliaan, 2022). These alterations can disrupt 

membrane-bound receptor function, impair sy-

naptic signalling, and modify lipid raft organi-

zation, all of which are crucial for neurotrans-

mission and cognitive processes. Conse-

quently, HFD-induced modifications to the 

BBB and neuronal membrane composition 

contribute to neurodegenerative mechanisms 

and cognitive decline (Custers & Kiliaan, 

2022; Melo et al., 2019).   

In addition to high-fat consumption, excessive 

dietary iron intake, often linked to over-

consumption of meat, may also enhance pro-

oxidant effects (Hininger-Favier, Osman, 

Roussel, Intes & Montanari, 2016). Transition 

metal ions, including iron, are recognized as 

crucial catalysts in the initial production of free 

radicals (Hininger-Favier et al., 2016). Concer-

ning this potential prooxidant effect, high iron 

levels have been associated with an increased 

risk of type 2 diabetes, cardiovascular disease, 

and brain alterations (Berg &Youdim, 2006; 

Chen, Kung & Gnana-Prakasam, 2022).   

Iron is indispensable for life and essential for 

brain function, serving as a key cofactor in 

vital biological reactions. However, the same 

electron transfer properties that render iron 

indispensable can also lead to toxicity when 

moderated by OS (Berg &Youdim, 2006). This 

dual capability of iron to accept and donate 

electrons facilitates the formation of ROS 

through Fenton and Haber-Weiss reactions. 

Specifically, Fe³⁺ and Fe²⁺ ions react with su-

peroxide and hydrogen peroxide (H₂O₂), gene-
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rating hydroxyl free radicals. These highly 

reactive radicals play a significant role in the 

pathogenesis of neurodegenerative diseases 

(Berg &Youdim, 2006). In this context, the 

human diet is crucial in mitigating the onset of 

OS. Recent trends highlight the integration of 

natural products into daily nutrition. Notably, 

nutraceuticals derived from botanical sources 

have attracted considerable interest as dietary 

supplements, offering potential benefits for the 

prevention of chronic diseases (Alu’datt et al., 

2024) with minimal side effects. Consequently, 

numerous studies have focused on introducing 

natural products with antioxidant and free ra-

dical-scavenging properties. Among these, Ni-

gella sativa L. is acknowledged in traditional 

medicine as an adaptogenic herb with disease-

preventing benefits (Gholamnezhad,  Keyhan-

mznesh & Boskabady, 2015). Furthermore, 

researchers have identified NS and its com-

pounds as promising candidates for addressing 

both physiological and neurological disorders 

(Cascella et al., 2018). NS, commonly known 

as black cumin, belongs to the Ranunculaceae 

family and has a long-standing history in both 

medicine and religion. Its seeds often referred 

to as black seeds, have been investigated for 

their therapeutic properties (Balbaa, El-

Zeftawy, Ghareeb, Taha & Mandour, 2016). 

Clinical and animal studies have demonstrated 

that NS provides a wide range of benefits, 

including bronchodilation, immunomodula-

tion, antibacterial effects, hypotension re-

duction, antidiabetic activity, hepatoprotection, 

gastroprotection, antihistaminic effects, as well 

as antioxidative and neuroprotective properties 

(Desai, Saheb, Das & Haseena, 2015; Tavak-

koli & Hosseinzadeh, 2020; Jarmakiewicz-

Czaja, Zielińska, Helma, Sokal & Filip, 2023). 

In this study, an HFD enriched with iron was 

used as an original animal model to induce OS, 

stimulating certain aspects of deleterious die-

tary habits and serving as an in vivo inducer of 

oxidative stress. This approach is grounded in 

the well-established relationship between 

HFD, iron overload, and OS. To the best of the 

authors’ knowledge, no prior study has ex-

plored the potent neuroprotective effect of N. 

sativa seed powder (NSP) in oxidative stress 

induced by an HFD enriched with iron. In this 

regard, the objective of the present study was 

to elucidate the antioxidant and neuro-

protective effects of NSP in OS by incorpo-

rating it into an HFD enriched with FeCl₃. 

MATERIALS AND METHODS 

Chemicals 

To conduct this study, tripyridyl-s-triazine 

(TPTZ), N-acetylcysteine (NAC), 2,6-Di-tert-

butyl-4-methylphenol (BHT), 5,5′-Dithiobis 

(2-nitrobenzoic acid) (DTNB), thiobarbituric 

acid (TBA), 1,1, 3, 3-tetraethoxypropane 

(TEP) and trichloroacetic acid (TCA), were 

procured from SigmaAldrich Company, St. 

Louis, MO, USA. All other chemicals used in 

this study were of high quality. 

Plant materials 

N. sativa seeds were purchased from a local 

herb store in Tiaret, Algeria. The seeds were 

subsequently ground into a fine powder (NSP) 

using an electric grinder (Fritsch, Germany). 

The NSP was used as a supplement in the ex-

perimental diet and for Fourier Transform 

Infrared Spectroscopic (FT-IR) analysis. 

N. sativa seed powder (NSP) concentration 

NSP was incorporated into the HFD at a con-

centration of 4 g per 100 g of feed, based on a 

preliminary meta-analysis which included the 

study by Kehili, Saka and Aouacheri (2018) 

that investigated the effects of an experimental 

diet with 5% of N. sativa powder on oxidative 

stress induced by cadmium chloride. 

FeCl3 concentration  

The integration of FeCl₃ into the HFD aims is 

to expedite the onset of OS. This compound 

was incorporated at a concentration of 32 mg 

per 100 g of the diet, as documented by Hi-

ninger-Favier et al. (2016). 

Animals, housing conditions and diets 

This study involved twenty-four healthy adult 

male NMRI mice, aged 6 to 8 weeks and 

weighing between 25 and 30 g, sourced from 

the Pasteur Institute of Algiers, Algeria. Upon 

arrival, the mice were randomly allocated into 

four groups, each comprising six mice, and 

housed individually in cages within the animal 

room of the Clinical Autopsy Laboratory at the 

Institute of Veterinary Sciences, University of 

Tiaret, Tiaret, Algeria. The environmental con-

ditions were meticulously controlled, main-

taining a temperature of 24 ± 2 °C, a 12-hour 

light/dark cycle, and a relative humidity of 60 

± 10%. During a 2-week acclimatization pe-

riod, the mice had ad libitum access to food 
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and water. Following this period, to investigate 

the effects of NSP supplementation in the 

high-fat FeCl₃ diet, the mice were divided into 

four groups (six mice per group) as follows: 

G1 (ST): Animals in this group received a 

standard diet (Tab. 1). 

G2 (ST+NSP): Animals in this group received 

a standard diet supplemented with 4% of 

Nigella sativa powder (Table 1). 

G3 (HFD/Fe
3+

): Animals in this group were 

fed an HFD consisting of 48% animal fat de-

rived from ovine sources, supplemented with 

0.032% FeCl₃ (Table 1). 

G4 (HFD/Fe
3+

+NSP): Animals in this group 

were fed an HFD consisting of 48% animal fat 

of ovine origin, supplemented with 0.032 % 

FeCl₃ and 4% of NSP (Tab. 1). 

The mice were housed in polyethylene cages 

with wood shavings as bedding, which were 

replaced weekly throughout the study. After 11 

weeks, the mice underwent an overnight fas-

ting period before being sacrificed. On the day 

of sacrifice, all four groups were humanely 

euthanized using an anaesthetic overdose. 

Blood samples and specific organs, including 

the brain, were collected and stored at -20 °C 

until analysis.  

Throughout the study, all animals received 

specialized veterinary care in accordance with 

the internationally accepted guidelines of the 

European Union on Animal Care (CEE 

Council 86/609 (CEC, 1986) and Directive 

63/2010 on the protection of animals used for 

scientific purposes) (European Union, 2010). 

The experimental procedures were carried out 

in the animal house of the Veterinary Institute 

in Tiaret, Tiaret, Algeria, under the supervision 

of veterinarians. The authors are affiliated with 

the Algerian Association of Sciences in Ani-

mal Experimentation (AASEA) (Agreement 

Number: 45/DGLPAG/DVA.SDA.14). 

Fourier Transform Infrared Spectroscopic 

(FT-IR) analysis  

An ALPHA-p BRUKER FT-IR spectrometer 

was employed for the analysis. To prepare the 

samples, 100 mg of dispersive KBr (potassium 

bromide) was mixed with 0.5 to 2 mg of the 

material to create the finished pellets, which 

were then placed in the sample holder. During 

the measurement, FT-IR spectra were obtained 

in the frequency range of 400–4000 cm. 

Assessment of oxidative stress markers in 

plasma and brain 

Brain tissue samples (0.2 g) were homogenized 

in 2 mL of 1X PBS buffer (pH 7.4) using an 

UltraTurrax T25 (Janke & Kunkel GmbH & 

Co. KG, IKA Labortechnik, Staufen, Ger-

many). The homogenate was then centrifuged 

at 3.000 rpm for 10 minutes at 4 °C. The su-

pernatant was collected, incubated on ice for 1 

hour, and subsequently stored at −20 °C until 

further analysis. These samples were used to 

assess oxidative stress markers as outlined 

below.  

Determination of total antioxidant power 

using the FRAP technique 

The assessment of ferric reducing antioxidant 

power in plasma and brain homogenates was 

conducted using the method outlined by 

Benzie and Strain (1996). The FRAP assay is a 

colorimetric method that measures the change 

in absorbance at 593 nm, which occurs due to 

the reduction of Fe³⁺ to Fe²⁺, forming a blue 

Fe²⁺-tripyridyltriazine complex. This reduction 

is facilitated by antioxidants that donate elec-

trons. The procedure involves the use of the 

TPTZ reagent (Sigma Aldrich, Germany). 

Table 1.  

Composition (g/100g diet) of the mice diets used in this study 

Type of diets 

Diet composition 

(g/100g diet) 

Standard diet 

(ST) 

Standard diet 

+NSP 

High-fat diet 

(HFD) 

High-fat diet 

+ NSP 

Fat 8.05 8.05 48.00 48.00 

Carbohydrates 45.36 45.36 6.10 6.10 

Proteins 19.07 19.07 20.00 20.00 

FeCl3  / / 0.032 0.032 

NSP / 4.00 / 4.00 

Energy value 

(kcal/100g diet) 
330.2 330.2 591.9 591.9 

NSP-N. sativa powder 
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A standard curve was obtained from a stock 

solution of FeSO4, 7H2O at 1 mM. Sub-

sequently, 100 μL of the sample solution was 

mixed with 900 μL of FRAP solution. Ab-

sorbance readings were taken using a UV/VIS 

Spectrophotometer (Shimadzu, UV -1202, 

Japan) at 593 nm, following 30-minute in-

cubation at 37°C. 

Determination of thiol groups 

The quantification of thiol groups, which 

serves as an indicator of protein oxidation in 

plasma and brain homogenates, was performed 

using the method described by Ellman (1959). 

In the presence of thiol groups, Ellman’s 

reagent (5,5'-dithiobis (2-nitrobenzoic acid)) is 

reduced, resulting in the formation of colored 

aromatic thiol derivatives (5-thio-2-nitroben-

zoic acid) with absorbance between 412 and 

415 nm. A standard curve was prepared using 

a solution of NAC (1 mM). A sample of 250 

μL was combined with 750 μL of phosphate 

buffer (pH=8) and 250 μL of DTNB (Sigma 

Aldrich, Germany). The mixture was incubated 

in the dark for 15 minutes and the absorbance 

was measured at 412 nm using a Shimadzu 

spectrometer. 

Determination of reduced glutathione 

(GSH) concentration 

The concentration of reduced glutathione 

(GSH) in brain tissue homogenates was 

determined using the colorimetric method 

described by Ellman (1959). GSH reacts with 

DTNB (5,5'-dithiobis (2-nitrobenzoic acid)) to 

form TNB⁻, a yellow chromophore. The rate of 

TNB⁻ formation is measured spectropho-

tometrically at a wavelength of 412 nm. A 

standard curve was generated using a solution 

of reduced GSH (1 mM). Subsequently, a 

sample of 250 μL was added to 750 μL of 

phosphate buffer (pH=8) and 250 μL of DTNB 

(Sigma Aldrich, Germany). The mixture was 

incubated in the dark for 15 minutes, and the 

absorbance was recorded at 412 nm using a 

Shimadzu spectrometer. 

Determination of MDA levels 

The quantification of malondialdehyde (MDA) 

levels was conducted in both plasma and brain 

homogenates. This method employs an indirect 

strategy to assess the effects of free radicals by 

measuring substances formed from lipid 

peroxidation, which react with TBA. The mea-

surement of MDA serves as an indicator of 

lipid peroxidation and oxidative stress. This 

assay followed the protocol established by 

Yagi (1976).  Specifically, 800 μL of a mixture 

containing TBA at 0.375% (w/v), TCA at 

20%, BHT at 0.01% and hydrogen chloride 

(HCl) 1N were added to 200 μL of the sample 

solution.  

After stirring for 2 minutes, the mixture was 

incubated in a water bath at 100 °C for 15 

minutes. To terminate the reaction, the tubes 

were placed in ice, and the resulting complex 

was extracted with butanol for 2 minutes. 

Following centrifugation at 4000 rpm for 10 

minutes at 4 °C (Sigma, 3K10, Laborzen-

trifugen, Germany), the supernatant was col-

lected, and the absorbance of the pink chro-

mogen was measured at 532 nm using a 

UV/visible light spectrophotometer (Shimadzu 

1202, Japan). Additionally, the plasma and 

brain MDA concentrations were calculated 

using a standard curve of TEP. 

Estimation of catalase activity (CAT) 

Catalase activity was assessed using the me-

thod described by Aebi (1984), with minor 

modifications. For this assay, 20 µl of haemo-

lysate or homogenate was added to 1255µl of 

phosphate buffer, and the reaction was initiated 

by the addition of 725 µl of H2O2 at 54 mM. 

The blank contained 20µl of haemolysate and 

1980 µl of phosphate buffer (50 mM, pH 7.0).  

One unit CAT activity is defined as the amount 

of enzyme required to decompose 1 µmol of 

H₂O₂ per minute. The rate of H₂O₂ decom-

position was measured spectrophotometrically 

at 240 nm and 25 °C. Catalase activity was 

expressed as µmoles of H₂O₂ consumed per 

minute per millilitre of erythrocyte and as 

µmoles per minute per gram of tissue in brain 

homogenate. 

Statistical analysis  

The results are presented as the mean ± 

standard error of the mean (SEM). Statistical 

analyses were performed using STATISTICA 

software version 6.1 (StatSoft, Tulsa, OK). 

Comparisons between the different groups 

were conducted using a one-way analysis of 

variance (ANOVA). The least significant 

difference (LSD) test was used for post-hoc 

analysis. A p-value < 0.05 was considered 

statistically significant. 
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RESULTS AND DISCUSSION 

Bioactive compounds and antioxidants in N. 

sativa L. (NSP) 

FT-IR spectroscopy is recognized as a rapid 

and effective technique for identifying various 

functional groups within a sample (Nivetha & 

Prasanna, 2016; Bruce and al., 2021). This 

method is particularly beneficial due to its 

capacity to detect bands associated with 

organic molecules, such as acids and poly-

phenols (Nivetha & Prasanna, 2016; Bruce and 

al., 2021). In this study, FT-IR analysis was 

performed on NSP. The results, including FT-

IR peak values and their corresponding fun-

ctional groups, are depicted in Fig.1 and Table  

2. A peak at 3282 cm⁻¹ indicates the presence 

of a phenolic functional group. Peaks at 2917 

cm⁻¹ and 2849 cm⁻¹ are indicative of C-H 

stretching vibrations, suggesting the presence 

of alkane groups. The absorption peak at 1644 

cm⁻¹ is associated with C=C aromatic stre-

tching. The peak at 1030 cm⁻¹ suggests C-H 

bending, indicative of alcohol or acid groups. 

Furthermore the C-H bending observed at this 

frequency further supports the presence of an 

aromatic group. 

Effect of NSP supplementation on plasma 

reducing power (PRP) and cerebral 

reducing power (CRP) 

The antioxidant properties of N. sativa have 

been extensively studied, underscoring its 

significant role in mitigating oxidative stress.  

In this research, NSP supplementation inhi-

bited free radical formation in an HFD en-

riched with FeCl₃ and enhanced free radical 

scavenging in a normal diet.  

 

Figure 1. FT-IR spectra of NSP  
 

Table 2.  

The main peaks in the FT-IR spectrum of NSP 

# Characteristic absorption Identified functional groups Compound class 

1 

2 

3 

4 

5 

6 

3282 

2917 

2849 

1644 

1030 

697 

O-H stretching/H-bonded 

C-H stretching 

C-H stretching 

C=C aromatic stretching 

C-O stretching 

C-H bending 

phenol/alcohol 

alkan 

alkan 

aromatic 

alcohol/acid 

aromatic 

 
 

238



Halima Benabdallah et al., Preventive effect of Nigella sativa L. against cerebral oxidative alterations induced by a high-fat, iron-enriched  

diet in mice, 52 (2), 233-246, 2025 

 

These effects are attributed to the polyphenols 

and flavonoids in N. sativa, which act as potent 

natural antioxidants by scavenging free ra-

dicals through their multiple hydroxyl groups 

(Alu’datt et al., 2024).  

 

The results of the plasma-reducing power 

(PRP) and cerebral reducing power (CRP) 

(Table 3) reveal that the HFD/Fe
3+

 signify-

cantly impacts reducing power (PR) as mea-

sured by the FRAP technique. Mice receiving 

the HFD/Fe
3+

 exhibited a significantly lower 

reducing power compared to the ST (p < 0.05). 

 

Incorporating NSP into the standard diet signi-

ficantly enhanced antioxidant activity in both 

plasma and the brain. The ST+NSP group de-

monstrated a highly significant increase in an-

tioxidant activity compared to the HFD/Fe
3+

 

group (p < 0.001). Similarly, the addition of 

NSP to the HFD/Fe
3+

 significantly improved 

plasma-reducing power (PRP) (p < 0.05) and 

cerebral-reducing power (CRP) (p < 0.01), 

with notable enhancements, observed relative 

to the HFD/Fe
3+

 group. 

These findings align with prior research, which 

attributes the observed protective effects to the 

presence of phenolic antioxidants and a high 

concentration of phytochemicals in NS. These 

components are crucial in mitigating various 

degenerative diseases. Dietary polyphenols are 

recognized for their remarkable bioactivity, 

including their capacity to traverse the blood-

brain barrier and reach neuronal cells 

(Grabska-Kobyłecka et al., 2023).  

These com-pounds positively impact brain 

health by enhancing plasticity, improving 

cognitive functions, and modulating mood. 

Numerous studies have investigated the me-

chanism through which plant-derived poly-

phenols neutralize reactive oxygen species, 

support signal transduction, and promote 

neuronal plasticity. Furthermore, polyphenols 

enhance neuronal health by elevating levels of 

neurotransmitters such as dopamine, serotonin, 

and noradrenaline in brain tissue (Grabska- 

Kobyłecka et al., 2023).  

Additionally, polyphenols act as effective me-

tal chelators, providing neuroprotection against 

oxidative stress and neurotoxicity induced by 

iron and copper. This neuroprotective effect is 

facilitated by their metal-chelating properties, 

modulation of signal transduction, and reduc-

tion of oxidative stress (Bhullar & Rupasinghe, 

2013).  

Flavonoids, a subclass of polyphenols, exhibit 

additional pharmacological properties, inclu-

ding iron chelation and inhibition of lipid 

peroxidation, further supporting their role in 

maintaining neuronal health and protecting 

against oxidative damage (Juurlink & Pa-

terson, 1998). Dong et al. (2020) demonstrated 

in their study on NS seeds that the plant 

enhanced the total antioxidant capacity in mice 

subjected to a high-fat diet and developing 

type 2 diabetes. Meziti, Meziti, Boudiaf, Mus-

tapha and Bouriches (2012) reached a similar 

conclusion, suggesting that daily oral admini-

stration of the crude extract (500 and 800 

mg/kg/day) and the essential oil (2 and 4 

ml/kg/day) of NS for 21 days in Swiss albino 

mice significantly improved plasma antioxi-

dant capacity.  

Recent studies also emphasized the antioxidant 

properties of thymoquinone (TQ), a compound 

in NS that exhibits notable free radical sca-

venging activity, enhanced by its redox fea-

tures, ability to bypass biological barriers, and 

capacity to penetrate subcellular compart-

ments (Cascella et al., 2018). Ismail, Al-

Naqeep and Chan (2010) demonstrated that 

both the TQ-rich fraction and TQ significantly 

improved plasma antioxidant status by inhi-

biting hydroxyl radical formation.  

Furthermore, compounds isolated from N. 

sativa, including thymoquinone, carvacrol, 

anethole, and 4-terpineol have been shown to 

possess notable free radical scavenging 

properties (Hosseinian et al., 2018).  

Effect of NSP supplementation on protein 

oxidation (thiol group) and GSH concen-

tration 

The evaluation of protein oxidation in plasma 

and brain tissues (Fig. 2 and 3) indicated that 

the HFD/Fe
3+

 group exhibited significant alter-

ations in protein oxidation. This is evidenced 

by a highly significant reduction in thiol group 

content in the HFD/Fe
3+

 group compared to 

both the ST group and the ST+NSP group in 

the plasma (p < 0.001). Similarly, the brain 

results corroborate these findings, showing sig-

nificantly lower thiol group levels in the 

HFD/Fe
3+

 group compared to the ST group (p 

< 0.05) and the ST+NSP group (p < 0.001). 
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Table 3.  

Effect of NSP supplementation on plasma reducing power (µmol/l) and cerebral reducing power (µmol/g of 

tissue) in different groups of mice after 11 weeks 

  

FRAP  
Experimental groups 

G1 

(ST) 

G2 

(ST+N) 

G3 

(HFD/Fe
3+

)
 

G4 

(HFD/Fe
3+

+N) 

Plasma FRAP 1271.20± 86.94
#
 1633.74± 58.92

 
893.39± 101.66

* ### ¶ 
1266.90± 147.08

# 

Brain FRAP 727.05±49.01
 

924.70±139.82
 

498.82±35.52
* ### ¶¶ 

849.41 ±44.64
 

Values are means ± SEM (n = 6) * p < 0.05 versus ST group; ### p < 0.001 versus G2 (ST+NSP) group; # p < 0.05 versus G2 

(ST+NSP group); ¶ p < 0.05 versus G3 (HFD/Fe3++NSP); ¶¶ p <0.01 versus G3 (HFD/Fe3++NSP) 

 

The integration of NSP into the HFD exhibits a 

protective effect against protein oxidation, as 

demonstrated by a very significant increase of 

thiol group content in the HFD/Fe
3+

+NSP 

group compared to the HFD/Fe
3+

 group at both 

plasma (p < 0.01) and the brain levels (p < 

0.001). However, this protective effect is 

consistently less pronounced than that ob-

served in the ST and ST+NSP groups. No-

tably, both the ST and ST+NSP groups show a 

very significant increase in thiol content com-

pared to the HFD/Fe
3+

+NSP group at the 

plasma level (p < 0.01). A similar trend is ob-

served at the brain level, particularly in the 

ST+NSP group, although this increase does 

not reach statistical significance. 

GSH, the most abundant antioxidant in cellular 

compartments, is implicated in a feedback loop 

involving iron accumulation, reduced GSH 

levels, and oxidative stress (Yarjanli, Ghaedi, 

Esmaeili, Rahgozar & Zarrabi, 2017). In this 

study (Fig. 4), GSH levels were found to be 

depleted in the brain tissue of HFD/Fe
3+

-fed 

animals compared to the ST group (P < 0.01) 

and the ST+NSP group (p < 0.001). Sup-

plementation with NSP significantly restored 

the reduced GSH levels in HFD/Fe
3+

-fed ani-

mals (p < 0.001). 

Sulfhydryl (SH) groups, highly reactive com-

ponents of both protein and non-protein 

molecules, play a crucial role in scavenging 

oxygen free radicals (Hosseinian et al., 2018). 

In this study, HFD/Fe
3+

 promotes ROS gene-

ration by reducing the antioxidant enzyme ac-

tivity and depleting intracellular GSH con-

centrations in the brain.  NSP supplementation 

acts as a free radical scavenger, enhancing 

non-enzymatic GSH levels and total thiol 

groups in both plasma and brain. Indeed, small 

thiols like GSH may also play a direct role in 

scavenging strong oxidants and can inactivate 

the hydroxyl radical. 

Several studies underscore the role of NS in 

increasing the total thiol content of serum and 

tissues. For instance, Hosseinian et al. (2018) 

and Salama, Abd-El-Hameed, Abd-El-Ghaffar, 

Mohammed and Ghandour (2011) demons-

trated that administering NS extract at doses of 

100 and 200 mg/kg and 50 mg/kg (I.P.), 

respectively, significantly increased the total 

thiol content in the serum and tissues of 

Cisplatin-treated Wistar rats. Furthermore, 

daily oral administration of NS extract for two 

months in experimentally induced diabetic 

rabbits increased GSH levels (Meral, Yener, 

Kahraman & Mert, 2001). Additional research 

suggests that N. sativa powder, when ad-

ministered orally, can normalize glutathione 

(GSH) and nitric oxide (NO) levels in rats, 

indicating significant efficacy in mitigating 

oxidative stress (Javidi, Razavi & Hos-

seinzadeh, 2016). 

Effect of NSP supplementation on lipid 

peroxidation (MDA level) 

Lipid peroxidation represents a significant con-

sequence of hydroxyl radicals and other potent 

oxidants, leading to disruptions in brain fu-

nction by altering the fluidity and integrity of 

neuronal cell membranes (Juurlink &Paterson, 

1998). In this study, the HFD/Fe
3+

 group was 

used to induce lipid oxidation, as evidenced by 

MDA levels (Table 4).  A highly significant in-

crease in MDA concentration was observed in 

the HFD/Fe
3+

 group compared to the ST group 

(p < 0.01).  

Furthermore, MDA levels in the HFD/Fe
3+

 

group were significantly higher than those in 

the ST+NSP group (p < 0.001) at the plasma 

level. At the brain level, a similar highly sig-

nificant rise in MDA levels was noted in the 

HFD/Fe3+ group compared to both the ST 

group (p < 0.001) and the ST +NSP group (p < 

0.01). 
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Figure 2.    Effect of NSP supplementation on protein oxidation in plasma (thiol group) (µmol/L) in the different 

groups of mice after 11 weeks 
(n = 6 mice in each group). Data are presented as mean ± standard error. * P < 0.05; **p < 0.01; ***p < 0.001. 

 

Figure 3. Effect of NSP supplementation on protein oxidation in brain (µmol/g of tissue) in different groups of 

mice after 11 weeks (n = 6 mice in each group). Data are presented as mean ± standard error  

* P < 0.05; **p < 0.01; ***p < 0.001 

 

Figure 4.   Effect of NSP supplementation on cerebral GSH concentration (µmol/g of tissue) in different groups 

of mice after 11 weeks (n = 6 mice in each group). Data are presented as mean ± standard error  

* P < 0.05; **p < 0.01; ***p < 0.001 
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Table 4. 

Effect of NSP supplementation on plasma lipid peroxidation (µmol/l) and brain lipid peroxidation (µmol/g of 

tissue) in different groups of mice after 11 weeks 

MDA level 

Experimental groups 

G1 

(ST) 

G2 

(ST+N) 

G3 

(HFD/Fe
3+

)
 

G4 

(HFD/Fe
3+

+N) 

Plasma 

MDA 
4.92±0.43

** 
3.32±0.56

*** 
7.05±0.51 2.33±0.64

*** 

Brain MDA 16.15±1.00
*** 

20.13±2.21
** 

29.98±2.12 18.24±2.82
** 

Data are presented as means ± SEM (n = 6 mice); all ***p < 0.001; **p < 0.01, comparison between HFD/Fe3+ and the other 

groups 
 

The addition of NSP to the HFD/Fe
3+

 regimen 

significantly reduced the MDA levels induced 

by this diet. This reduction was evident in the 

HFD/Fe
3+

+NSP group compared to the 

HFD/Fe
3+

 group at the plasma level (p < 

0.001). A similar decrease in MDA levels was 

observed in the HFD/Fe
3+

+NSP group com-

pared to the HFD/Fe
3+

 group (p < 0.01) at the 

brain level.  

These results suggest that NSP confers a pro-

tective effect, particularly in the context of 

elevated MDA levels induced by the high-fat 

diet with iron, providing superior protection 

compared to the control groups at both the 

plasma and brain levels. 

This finding is corroborated by Balbaa, Ab-

dulmalek and Khalil (2017), who demonstrated 

that N. sativa reduces oxidative stress markers 

by decreasing TBARS in the brain tissue of 

HFD/STZ-induced rats.  

Additionally, N. sativa has been shown to 

decrease high MDA levels and enhance an-

tioxidant enzyme activity (Ismail et al., 2010). 

Kanter, Coskun, Kalayc, Buyukbas and Cagavi 

(2006) also investigated the effect of black 

seed on lipid peroxidation and the antioxidant 

defence system, finding that treatment with the 

volatile oil of N. sativa, reduced spinal cord 

tissue MDA levels following experimental spi-

nal cord injury in rats.  

A recent study also confirmed that NS seed 

powder (300 mg/kg BW) significantly de-

creased MDA levels in diabetic albino rats in-

duced by streptozotocin (Desai et al., 2015). 

Moreover, Mehri, Shahi, Razavi, Hassani and 

Hosseinzadeh (2014) demonstrated that TQ ex-

hibited a protective effect against acrylamide 

(ACR)-induced neurotoxicity in Wistar rats, 

primarily by reducing lipid peroxidation in the 

cerebral cortex. 

Effect of NSP supplementation on Catalase 

content in erythrocyte and brain 

This study explored the effects of HFD/Fe
3+

 

and NSP supplementation on enzymatic anti-

oxidants, specifically CAT activity in eryt-

hrocytes and brain tissues (Table 5). A highly 

significant decrease in CAT activity was ob-

served in the HFD/Fe
3+

 group compared to 

both the ST group (p < 0.001) and the ST+NSP 

group (p < 0.01) at the erythrocyte level. 

Although the supplementation of NS to the 

high-fat feeding group increased CAT activity, 

this increase was not statistically significant 

compared to the HFD/Fe
3+

 group.  

A highly significant reduction in CAT activity 

was observed in the HFD/Fe
3+

 group at the 

brain level in comparison to both the ST group 

(p < 0.05) and the ST+NSP group (p < 0.001). 

Furthermore, catalase activity was consistently 

higher in the control group treated with NS, as 

opposed to both the ST group (p < 0.05) and 

the HFD/Fe
3+

+N group (p < 0.05). At the ery-

throcyte level, a significant decrease in cata-

lase activity was detected in the HFD/Fe
3+

 

group compared to the HFD/Fe
3+

 group treated 

with NSP whereas no significant difference 

was evident at the brain level. Catalase is a 

crucial enzyme that catalyses the decompo-

sition of hydrogen peroxide into water and mo-

lecular oxygen, thereby serving as a vital de-

fence against oxidative stress (Juurilink & Pa-

terson, 1998).  In this study, the administration 

of NSP in a high-fat diet enriched with FeCl₃ 

was found to enhance catalase activity in both 

blood and brain tissues. This finding aligns 

with other studies on NS, particularly when 

combined with vitamin C, which demonstrated 

the ability to mitigate the inhibition of catalase 

activity following experimental spinal cord in-

jury in rats. Moreover, increased catalase ac-

tivity has been reported as an indicator of the 
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Table 5.  

Effect of NSP supplementation on catalase content in erythrocyte (µmol/min/ml) and brain (µmol/min/g of 

tissue) in different groups of mice after 11 weeks 

Catalase 

content 

Experimental groups 

G1: ST G2: ST+NSP G3: HFD/Fe
3+ 

G4: HFD/Fe
3+

 +N 

Eryth CAT 1244.38±44.52
 

895.75±145.79
 

416.78 ±104.66 
*** ## 

677.53±120.19
** 

Brain CAT 50383.02±203.14
# 

52887.61±1374.83
 

48423.54±383.80
*###

 49304.39±219.69
### 

Values are means ± SEM (n = 6); *** p < 0.001 versus group G1(ST); ** p < 0.01 versus group G (ST); * p < 0.05 versus  

group G1(ST); ### p < 0.001 versus group G2 (ST+NSP); ## p < 0.01 versus group G2 (ST+NSP); # p < 0.05 versus group G2 

(ST+NSP 
 

antioxidant properties of NS (Javidi et al., 

2016). 

The administration of TQ has also been shown 

to restore CAT activity in the rat brain to 

normal levels (Leong, Rais Mostafa & Jaarin, 

2013). The study by Rasoli et al. (2018), which 

involved adult female Wistar rats subjected to 

stress and treated with N. sativa extract, indi-

cates that N. sativa extract possesses the che-

mical properties necessary to enhance anti-

oxidant capacity, increase CAT activity, and 

reduce lipid peroxidation. 

CONCLUSIONS 

After 11 weeks of experimentation, the fin-

dings suggest that the inclusion of NSP in an 

HFD enriched with FeCl₃ enhances plasma and 

brain-reducing powers, thiol levels, catalase 

activity, and GSH content. Concurrently, NSP 

supplementation significantly reduces the 

MDA levels induced by the HFD/Fe3+. These 

results imply that N. sativa contains essential 

biomolecules capable of traversing the BBB 

and exerting a neuroprotective effect against 

oxidative imbalance and lipid peroxidation 

caused by an iron-enriched hyperlipidemic 

diet. However, further studies and more com-

prehensive investigations are necessary to va-

lidate these findings.  

Future research should focus on measuring 

iron concentration in the brain, characterizing 

the bioactive molecules likely to cross the 

BBB, and exploring the potential of NSP as an 

alternative treatment for mitigating brain da-

mage caused by oxidative stress. 

AUTHOR CONTRIBUTIONS 

Conceptualization, B.R.; Methodology, B.M. 

and H.H.; Investigation, formal analysis, vali-

dation, writing-original draft preparation, B.H.; 

Writing-review and editing, B.H.; Supervi-

sion, B.R. 

DATA AVAILABILITY STATEMENT 

Data contained within the article. 

АCKNOWLEDGEMENTS 

This research was highly supported by DGRST 

of the Algerian Ministry of Higher Education 

and Scientific Research. 

CONFLICT OF INTEREST 

The authors declare no conflict of interest. The 

funders had no role in the design of the study, 

in the collection, analyses, or interpretation of 

data, in the writing of the manuscript, or in the 

decision to publish the results. 

REFERENCES  

Aebi, H. (1984). Catalase in vitro. Methods in Enzymo-

logy, 105, 121-126. 

          https://doi.org/10.1016/S0076-6879(84)05016-3 

Alu'datt, M. H., Rababah, T., Al‐u'datt, D. A. G., 

Gammoh, S., Alkandari, S., Allafi, A., Alrosan, M., 

Kubow, S., & Al‐Rashdan, H. K. (2024). Designing 

novel industrial and functional foods using the 

bioactive compounds from Nigella sativa L. (black 

cumin): Biochemical and biological prospects 

toward health implications. Journal of Food 

Science, 89(4), 1865-1893.  

           https://doi.org/10.1111/1750-3841.16981 

Balbaa, M., Abdulmalek, S. A., & Khalil, S. (2017). 

Oxidative stress and expression of insulin signaling 

proteins in the brain of diabetic rats: Role of 

Nigella sativa oil and antidiabetic drugs. PLoS 

One, 12(5), e0172429.  

https://doi.org/10.1371/journal.pone.0172429 

Balbaa, M., El-Zeftawy, M., Ghareeb, D., Taha, N., & 

Mandour, A. W. (2016). Nigella sativa relieves the 

altered insulin receptor signaling in streptozo-

tocin‐induced diabetic rats fed with a high‐fat 

diet. Oxidative Medicine and Cellular Longe-

vity, 2016(1), 2492107.  

          https://doi.org/10.1155/2016/2492107 

Benzie, I. F., & Strain, J. J. (1996). The ferric reducing 

ability of plasma (FRAP) as a measure of “anti-

oxidant power”: the FRAP assay. Analytical Bio-

chemistry, 239(1), 70-76.  

          https://doi.org/10.1006/abio.1996.0292 

243

https://doi.org/10.1371/journal.pone.0172429
https://doi.org/10.1155/2016/2492107
https://doi.org/10.1006/abio.1996.0292


Halima Benabdallah et al., Preventive effect of Nigella sativa L. against cerebral oxidative alterations induced by a high-fat, iron-enriched  

diet in mice, 52 (2), 233-246, 2025 

 

Berg, D., & Youdim, M. B. (2006). Role of iron in neuro-

degenerative disorders. Topics in Magnetic Re-

sonance Imaging, 17(1), 5-17.  
          https://doi.org/10.1097/01.rmr.0000245461.90406.ad 

Bhullar,  K. S., & Rupasinghe, H. V. (2013). Polyphe-

nols: multipotent therapeutic agents in neuro-

degenerative diseases. Oxidative Medicine and Cel-

lular Longevity, 2013(1), 891748. 

          https://doi.org/10.1155/2013/891748 

Bonnefont-Rousselot, D. (2014). Obésité et stress 

oxydant. Obésité, 1(9), 8-13. 

           https://doi.org/10.1007/s11690-013-0408-3 

Bruce, S. O., Nwafor, O. I., Omoirri, M. A., Adione, N. 

M., Onyeka, I. P., & Ezeoru, V. C. (2021). GC-MS, 

FTIR and antiulcer screening of aqueous seed 

extract and oil of Nigella sativa in Wistar rats. 

Journal of Drug Delivery and Thera-peutics, 11(6), 

48-60. 

          https://doi.org/10.22270/jddt.v11i6.5036 

Cascella, M., Bimonte, S., Barbieri, A., Del Vecchio, V., 

Muzio, M. R., Vitale, A., Benincasa, G., Ferriello, 

A. B., Azzariti, A, Arra, C., & Cuomo, A. (2018). 

Dissecting the potential roles of Nigella sativa and 

its constituent thymoquinone on the prevention and 

on the progression of Alzheimer's Disease. Fron-

tiers in Aging Neuroscience, 10, 16.  

          https://doi.org/10.3389/fnagi.2018.00016 

Chen, W. J., Kung, G. P., & Gnana-Prakasam, J. P. 

(2022). Role of iron in aging related diseases. 

Antioxidants, 11(5), 865. 

https://doi.org/10.3390/antiox11050865 

Chen, X., Guo, C., & Kong, J. (2012). Oxidative stress in 

neurodegenerative diseases. Neural Regeneration 

Research, 7(5), 376-385.  
          https://doi.org/10.3969/j.issn.1673-5374.2012.05.009 

Chianese, R., Coccurello, R., Viggiano, A., Scafuro, M., 

Fiore, M., Coppola, G., Operto, F. F., Fasano, S., 

Laye, S., Pierantoni, R., & Meccariello, R. (2018). 

Impact of dietary fats on brain functions. Current 

Neuropharmacology, 16(7), 1059-1085.  
         https://doi.org/10.2174/1570159X15666171017102547 

(CEC) Council of the European Communities. (1986). 

Council Directive 86/609/EEC of 24 November 

1986 on the approximation of laws, regulations and 

administrative provisions of the Member States 

regarding the protection of animals used for 

experimental and other scientific purposes. Official 

Journal of the European Communities, L358/1. 
https://op.europa.eu/publication-detail/-

/publication/cc3a8ccb-5a30-4b6e-8da8-b13348caeb0c 

Chung, A. P. Y., Gurtu, S., Chakravarthi, S., Moorthy, M., 

& Palanisamy, U. D. (2018). Geraniin protects 

high-fat diet-induced oxidative stress in Sprague 

Dawley rats. Frontiers in Nutrition, 5, 17.  

          https://doi.org/10.3389/fnut.2018.00017 

Custers, E. M. E, & Kiliaan, A. J. (2022). Dietary lipids 

from body to brain. Progress in Lipid Research, 85, 

101144. 

https://doi.org/10.1016/j.plipres.2021.101144 

Desai, S. D., Saheb, S. H., Das, K. K., & Haseena, S. 

(2015). Effect of Nigella sativa seed powder on 

MDA and SOD levels in sterptozotocine induced 

diabetes albino rats. Journal of Pharmaceutical 

Sciences and Research, 7(4), 206.  

Dong, J., Liang, Q., Niu, Y., Jiang, S., Zhou, L. I., Wang, 

J., Ma, C., & Kang, W. (2020). Effects of Nigella 

sativa seed polysaccharides on type 2 diabetic mice 

and gut microbiota. International Journal of Bio-

logical Macromolecules, 159, 725-738. 

          https://doi.org/10.1016/j.ijbiomac.2020.05.042 

Ellman, G. L. (1959). Tissue sulfhydryl groups. Archives 

of Biochemistry and Biophysics, 82(1), 70-77.  

          https://doi.org/10.1016/0003-9861(59)90090-6 

European Union. (2010). Directive 2010/63/EU of the 

European Parliament and of the Council of 22 

September 2010 on the 

          protection of animals used for scientific purposes. 

Official Journal of the European Union, L276/33. 
https://eur-lex.europa.eu/eli/dir/2010/63/oj/eng 

Gaeta, A., & Hider, R. C. (2005). The crucial role of metal 

ions in neurodegeneration: the basis for a promising 

therapeutic strategy. British Journal of Pharma-

cology, 146(8), 1041-1059.  

          https://doi.org/10.1038/sj.bjp.0706416 

Gholamnezhad, Z., Keyhanmanesh, R., & Boskabady, M. 

H. (2015). Anti-inflammatory, antioxidant, and 

immunomodulatory aspects of Nigella sativa for its 

preventive and bronchodilatory effects on ob-

structive respiratory diseases: A review of basic 

and clinical evidence. Journal of Functional 

Foods, 17, 910-927.  

          https://doi.org/10.1016/j.jff.2015.06.032 

Gil-Cardoso, K., Ginés, I., Pinent, M., Ardévol, A., Terra, 

X., & Blay, M. (2017). A cafeteria diet triggers 

intestinal inflammation and oxidative stress in 

obese rats. British Journal of Nutrition, 117(2), 

218-229. 

https://doi.org/10.1017/S0007114516004608 

Grabska-Kobyłecka, I., Szpakowski, P., Król, A., 

Książek-Winiarek, D., Kobyłecki, A., Głąbiński, 

A., & Nowak, D. (2023). Polyphenols and their 

impact on the prevention of neurodegenerative 

diseases and development. Nutrients, 15(15), 3454. 

https://doi.org/10.3390/nu15153454 

Hininger-Favier, I., Osman, M., Roussel, A. M., Intes, L., 

& Montanari, B. (2016). Positive effects of an oral 

supplementation by Glisodin, a gliadin-combined 

SOD-rich melon extract, in an animal model of die-

tary-induced oxidative stress. Phytothérapie, 14(1), 

29-34.  

          https://doi.org/10.1007/s10298-015-0928-4  

Hosseinian, S., Roshan, N. M., Khazaei, M., Shahraki, S., 

Mohebbati, R., & Rad, A. K. (2018). Reno-

protective effect of Nigella sativa against cisplatin-

induced nephrotoxicity and oxidative stress in rat. 

Saudi Journal of Kidney Diseases and Trans-

plantation, 29(1), 19-29. 

           https://doi.org/10.4103/1319-2442.225208. 

Ismail, M., Al-Naqeep, G., & Chan, K. W. (2010). Nigella 

sativa thymoquinone-rich fraction greatly improves 

plasma antioxidant capacity and expression of an-

tioxidant genes in hypercholesterolemic rats. Free 

Radical Biology and Medicine, 48(5), 664-672. 
https://doi.org/10.1016/j.freeradbiomed.2009.12.002 

Jarmakiewicz-Czaja, S., Zielińska, M., Helma, K., Sokal, 

A., & Filip, R. (2023). Effect of Nigella sativa on 

selected gastrointestinal diseases. Current Issues in 

Molecular Biology, 45(4), 3016-3034.  

          https://doi.org/10.3390/cimb45040198 

Javidi, S., Razavi, B. M., & Hosseinzadeh, H. (2016). A 

review of neuropharmacology effects of Nigella 

sativa and its main component, thymoqui-none. 

Phytotherapy Research, 30(8), 1219-1229. 

          https://doi.org/10.1002/ptr.5634 

244

https://doi.org/10.1097/01.rmr.0000245461.90406.ad
https://doi.org/10.1155/2013/891748
https://doi.org/10.1007/s11690-013-0408-3
https://doi.org/10.22270/jddt.v11i6.5036
https://doi.org/10.3389/fnagi.2018.00016
https://doi.org/10.2174/1570159X15666171017102547
https://doi.org/10.3389/fnut.2018.00017
https://doi.org/10.1016/j.plipres.2021.101144
https://doi.org/10.1016/j.ijbiomac.2020.05.042
https://doi.org/10.1016/0003-9861(59)90090-6
https://doi.org/10.1038/sj.bjp.0706416
https://doi.org/10.1016/j.jff.2015.06.032
https://doi.org/10.3390/nu15153454
https://doi.org/10.1007/s10298-015-0928-4
https://doi.org/10.1016/j.freeradbiomed.2009.12.002
https://doi.org/10.1002/ptr.5634


Halima Benabdallah et al., Preventive effect of Nigella sativa L. against cerebral oxidative alterations induced by a high-fat, iron-enriched  

diet in mice, 52 (2), 233-246, 2025 

 

Juurlink, B. H., & Paterson, P. G. (1998). Review of 

oxidative stress in brain and spinal cord injury: 

suggestions for pharmacological and nutritional 

management strategies. The Journal of Spinal Cord 

Medicine, 21(4), 309-334.  

          https://doi.org/10.1080/10790268.1998.11719540 

Kanter, M., Coskun, O., Kalayc, M., Buyukbas, S., & 

Cagavi, F. (2006). Neuroprotective effects of Ni-

gella sativa on experimental spinal cord injury in 

rats. Human & Experimental Toxicology, 25(3), 

127-133. 

https://doi.org/10.1191/0960327106ht608oa 

Kehili, N., Saka, S., & Aouacheri, O. (2018). L’effet 

phytoprotecteur de la nigelle (Nigella sativa) 

contre la toxicité induite par le cadmium chez les 

rats. Phytothérapie, 16(4), 194.  
         https://doi.org/10.3166/phyto-2018-0053 

Leong, X. F., Rais Mustafa, M., & Jaarin, K. (2013). 

Nigella sativa and its protective role in oxidative 

stress and hypertension. Evidence‐Based Comple-

mentary and Alternative Medicine, 2013(1), 

120732. https://doi.org/10.1155/2013/120732 

Mamun, M. A. A., Faruk, M., Rahman, M. M., Nahar, K., 

Kabir, F., Alam, M. A., & Subhan, N. (2019). High 

carbohydrate high fat diet induced hepatic steatosis 

and dyslipidemia were ameliorated by Psidium 

guajava leaf powder supplementation in rats. Evi-

dence‐Based Complementary and Alternative Medi-

cine, 2019(1), 1897237.  

           https://doi.org/10.1155/2019/1897237 

Mehri, S., Shahi, M., Razavi, B. M., Hassani, F. V., & 

Hosseinzadeh, H. (2014). Neuroprotective effect of 

thymoquinone in acrylamide-induced neurotoxicity 

in Wistar rats. Iranian Journal of Basic Medical 

Sciences, 17(12), 1007.   

Melo, H. M., Santos, L. E., & Ferreira, S. T. (2019). Diet-

derived fatty acids, brain inflammation, and mental 

health. Frontiers in Neuroscience, 13, 265.  
         https://doi.org/10.3389/fnins.2019.00265 

Meral, I., Yener, Z., Kahraman, T., & Mert, N. (2001). 

Effect of Nigella sativa on glucose concentration, 

lipid peroxidation, antioxidant defence system and 

liver damage in experimentally‐induced diabetic 

rabbits. Journal of Veterinary Medicine Series A, 

48(10), 593-599. https://doi.org/10.1046/j.1439-

0442.2001.00393.x 

Meziti, A., Meziti, H., Boudiaf, K., Mustapha, B., & 

Bouriche, H. (2012). Polyphenolic profile and anti-

oxidant activities of Nigella sativa seed extracts in 

vitro and in vivo. International Journal of Bio-

technology and Bioengineering, 6(4), 109-117. 

Nivetha, K., & Prasanna, G. (2016). GC-MS and FT-IR 

analysis of Nigella sativa L. seeds. International 

Journal of Advanced Research in Biological 

Sciences, 3(6), 45-54. 

           http://www.ijarbs.com/pdfcopy/june2016/ijarbs7 

Rasoli, M. S., Khalili, M., Mohammadi, R., Soleimani, A., 

Kohzadi, R., Ilkhanipour, M., Heidari, R., & Gol-

kari, S. (2018). The chemical composition of 

Nigella sativa L. and its extract effects on lipid 

peroxidation levels, total antioxidant capacity and 

catalase activity of the liver and kidney in rats 

under stress. Gene, Cell and Tissue, 5(1), e61323. 

https://doi.org/10.5812/gct.61323 

Ré, D. B., Nafia, I., Nieoullon, A., Le Goff, L. K., & Had-

Aissouni, L. (2005). Stress oxydatif cérébral : les 

astrocytes sont-ils vulnérables aux faibles concen-

trations intracellulaires de glutamate ? Implications 

sur la survie neuronale. Annales Françaises 

d'Anesthésie et de Réanimation, 24(5), 502-509. 

https://doi.org/10.1016/j.annfar.2005.03.004 

Salama, R. H., Abd-El-Hameed, N. A., Abd-El-Ghaffar, 

S. K., Mohammed, Z. T., & Ghandour, N. (2011). 

Nephroprotective effect of Nigella sativa and 

Matricaria chamomilla in cisplatin induced renal 

injury—supportive treatments in cisplatin nephron-

toxicity. International Journal of Clinical Medi-

cine, 2(03), 185-195.  

          https://doi.org/10.4236/ijcm.2011.23031 

Tavakkoli, A., & Hosseinzadeh, H. (2020). Nigella sativa 

L. and thymoquinone as neuroprotective antioxi-

dants. In C.R. Martin and V.R. Preedy (Eds.) Oxi-

dative stress and dietary antioxidants in neuro-

logical diseases (pp. 325-341). Academic Press. 
https://doi.org/10.1016/B978-0-12-817780-8.00021-9 

Yagi, K. (1976). A simple fluorometric assay for lipo-

peroxide in blood plasma. Biochemical Medicine, 

15(2), 212-216. 

          https://doi.org/10.1016/0006-2944(76)90049-1 

Yarjanli, Z., Ghaedi, K., Esmaeili, A., Rahgozar, S., & 

Zarrabi, A. (2017). Iron oxide nanoparticles may 

damage to the neural tissue through iron accu-

mulation, oxidative stress, and protein aggregation. 

BMC Neuroscience, 18, 1-12. 

          https://doi.org/10.1186/s12868-017-0369-9 1 
 

245

https://doi.org/10.1080/10790268.1998.11719540
https://doi.org/10.1191/0960327106ht608oa
https://www.jle.com/10.3166/phyto-2018-0053
https://doi.org/10.1155/2013/120732
https://doi.org/10.1155/2019/1897237
https://doi.org/10.3389/fnins.2019.00265
https://doi.org/10.1046/j.1439-0442.2001.00393.x
https://doi.org/10.1046/j.1439-0442.2001.00393.x
http://www.ijarbs.com/pdfcopy/june2016/ijarbs7
https://doi.org/10.5812/gct.61323
https://doi.org/10.1016/j.annfar.2005.03.004
https://doi.org/10.4236/ijcm.2011.23031
https://doi.org/10.1016/0006-2944(76)90049-1
https://doi.org/10.1186/s12868-017-0369-9%201


Halima Benabdallah et al., Preventive effect of Nigella sativa L. against cerebral oxidative alterations induced by a high-fat, iron-enriched  

diet in mice, 52 (2), 233-246, 2025 

 

PREVENTIVNI EFEKAT NIGELLA SATIVA L. PROTIV CEREBRALNIH OKSIDATIVNIH PROMENA 
IZAZVANIH ISHRANOM BOGATOM MASTIMA I OBOGAĆENOM GVOŽĐEM KOD MIŠEVA 
 
Halima Benabdallah

*1,2
, Rachida 

 
Benaraba

1,2
, Mostefa Belarbi

3
, Hemida Houari

4
 

 
1
Univerzitet u Tijaretu, Laboratorija za istraživanje lokalnih animalnih proizvoda, 14000 Tijaret, Alžir 

2
Univerzitet u Tijaretu, Fakultet prirodnih nauka, 14000 Tijaret, Alžir 

3
Univerzitet u Tijaretu, Laboratorija za matematiku i računarske nauke, 14000 Tijaret, Alžir 

4
Univerzitet u Tijaretu, Institut za veterinarske nauke, 14000 Tijaret, Alžir 

 

 

 

Sažetak: Nedavna istraživanja naglašavaju ključnu ulogu oksidativnog stresa u cerebralnim 

promenama, podstičući istraživanja strategija poput korišćenja prirodnih supstanci dobijenih iz 

lekovitih biljaka, uključujući Nigella sativa L. (NS), zbog njihovog terapijskog potencijala. NS 

je poznata po svojim bioaktivnim jedinjenjima koja igraju značajnu ulogu u prevenciji i lečenju 

bolesti. Ova studija koristila je Fourier Transform Infrared Spectroscopic (FT-IR) analizu za 

identifikaciju funkcionalnih grupa i jedinjenja u semenu NS, kako bi ispitala njene preventivne 

efekte na cerebralne oksidativne promene izazvane ishranom bogatom mastima (HFD) uz 

dodatak gvožđa kod NMRI miševa. Fokus je bio na oksidaciji lipida, Ferric Reducing 

Antioxidant Power (FRAP), tiolnim grupama, aktivnosti katalaze i nivoima redukovanog 

glutationa (GSH). Miševi su nasumično podeljeni u četiri eksperimentalne grupe (po šest miševa 

u grupi): kontrola (ST), kontrola + prah semena NS (ST+NSP), ishrana bogata mastima uz FeCl₃ 

(HFD/Fe
3+

), i HFD/Fe
3+

+NSP. Nakon eksperimentalnog perioda od 11 nedelja, oksidacija lipida, 

FRAP, tiolne grupe i aktivnost katalaze merene su u plazmi i mozgu, dok su nivoi GSH 

procenjivani isključivo u mozgu. NS je značajno smanjila lipidnu peroksidaciju kod HFD/Fe
3+ 

miševa i obnovila FRAP, tiolne grupe, aktivnost katalaze i nivoe GSH, koji su bili znatno 

smanjeni kod HFD/Fe
3+

 miševa u poređenju sa ST grupom. Režim HFD/Fe
3+

 povećao je 

proizvode lipidne peroksidacije u odnosu na ST grupu. Ovi nalazi sugerišu da suplementacija 

ishrane sa NS u prahu ublažava cerebralni oksidativni stres i poboljšava aktivnost 

antioksidativnih enzima. 

Ključne reči: crni kumin, lipidna oksidacija, oksidativni stres, hiperlipidna ishrana, FeCl3, 

promene na mozgu 
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