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Abstract—Throughout the years, natural products have 

become a vital component contributing immensely to the 

healthcare industry. These natural products are highly valued 

for their diverse bioactive compounds which exhibit a wide 

range of medicinal properties and possess the potential for 

disease control or prevention. Nigella sativa, also known as black 

cumin, is originally native to Southern Europe, North Africa, 

and Southwest Asia. It is also cultivated in Malaysia and its seed 

serves as a culinary ingredient in the local cuisine. The seed of 

Nigella sativa has also been used by indigenous tribes around the 

world since long ago for traditional remedies. The objectives of 

this research are to evaluate the antioxidant activity and the 

antimalarial activity of the methanolic Nigella sativa extract. 

The DPPH assay yielded an antioxidant activity of 6.42% at 0.2 

mg/ml. While, in the Mark III assay, the antimalarial activity 

exhibited dose-dependent results at concentrations of 1.56 µg/ml, 

3.13 µg/ml, 6.25 µg/ml, 12.50 µg/ml, 25.00 µg/ml, 50.00 µg/ml and 

100.00 µg/ml.  In summary, the methanolic extract from Nigella 

sativa exhibits antioxidant potential which might also play a 

significant role in the management of malaria.  
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I. INTRODUCTION

Malaria is an infectious disease caused by the Plasmodium 

parasite from the bites of female Anopheles mosquitoes. The 

symptoms are fever, chills, fatigue, and can be fatal if not 

treated accordingly. In the current age, there are antimalarial 

drugs available for treatment such as artemisinin, chloroquine, 

and antibiotics. However, over the course of a decade, there 

has been no new class of antimalarial agents that was 

developed and used widely. Furthermore, antimalarial drug 

resistance is becoming more prominent with the passage of 

time [1]. Due to the lack of an effective vaccine coupled with 

antimalarial drug resistance, there is a need for an effective, 

highly available, and safe antimalarial product [1].  

The indigenous community has been using traditional 

plants for the treatment of fever or malaria since long ago [2]. 

The cumulative knowledge from the indigenous community 

on the traditional plants is valuable and serves as a treasure 

trove in natural product discovery. For example, artemisinin 

and quinine are both derived from Artemisia annua and 

Cinchona bark which are natural products as well [3]. The 

abundance of antioxidants or bioactive compounds present in 

natural plants might help in targeting diseases. 

Nigella sativa seeds are one of the natural products used 

traditionally for the symptoms of malaria and with great 

medicinal benefits [4]. It is important to identify its 

antimalarial properties in Malaysia. Therefore, this study is to 

determine the antioxidant, antimalarial and cytotoxic activity 

of N. sativa seed extract and it’s potential as an antimalarial 

agent. 

II. LITERATURE REVIEW

N. sativa, also widely known as black seed or Habattus

sauda belongs to the family of Rananculaceae. It is native to 

Southern Europe, North Africa, and Southwest India, and also 

cultivated in various countries including Kelantan, 

Malaysia [5, 6]. It also serves as a culinary ingredient in 

various countries. 

The N. sativa seeds were reported to possess plenty of 

pharmacological benefits and are called the miracle herb. 

Some of the benefits reported were antioxidant, antibacterial, 

anti-inflammatory, and more [7−9]. Today, black seed oil is 

widely used as a supplement and sold in many local 

pharmacies. Due to the overwhelming benefits, there is 

reason to investigate its antimalarial properties and potential 

to be an antimalarial agent. 

III. MATERIALS AND METHODS

Sample Collection and Preparation. N. sativa seeds were 

purchased from Moittry Infinity Sdn Bhd from Selangor, 

Malaysia. The seeds were then washed, dried and blended 

into powder form. The seed powders were then sealed in an 

airtight container at 4 °C until extraction. 

Extraction of Sample. Soxhlet extract was used for the 

extraction of N. sativa seed extract with slight 

adaptations [10]. Firstly, 50 g of N. sativa seed powder were 

filled in the thimble and placed in the main chamber of the 

Soxhlet apparatus. Next, 300 mL of methanol was filled in 

the round bottom flask and then set up along with the rest of 

the Soxhlet apparatus. The extraction was carried out for 8 h. 

After the extraction, methanol was separated from the N. 

sativa extract using a rotary evaporator. The N. sativa seed 

extract was then weighted and stored in amber bottle at 4 ºC. 

Determination of 2,2-diphenyl-1-picrylhydrazyl 

(DPPH) Free Radical Scavenging. The antioxidant activity 

of the extract was determined by using DPPH as a free radical 

with adaptation from Brand-Williams, Cuvelier, and 

Berset [11]. Firstly, 0.1 mL of N. sativa extract (0.2 mg/mL) 

was added to 3.9 mL of 6 × 10−5 mol/L DPPH in ethanol. The 

mixture was shaken vigorously and left to stand at room 

temperature for 30 mins in the dark. The absorbance was then 

recorded using UV-Vis Spectrometer at 517 nm. 

𝐷𝑃𝑃𝐻 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 (%)  =  
𝐴control−𝐴sample

𝐴control
× 100%     (1) 

where, Acontrol is the absorbance of the control and Asample is 

the absorbance of sample. 

Parasite Culture. Chloroquine-sensitive P. falciparum 
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strain 3D7 was obtained from the Malaria Research Center, 

UNIMAS. The parasite was cultivated and maintained 

according to the methods provided by the World Health 

Organisation (WHO) with slight modifications [12]. The 

parasite was retrieved and maintained in fresh O erythrocytes 

suspended in a complete RPMI-1640 medium supplemented 

with 25 mM HEPES, 20% D-glucose, 7.5% (w/v) sodium 

bicarbonate, 10 mg/mL of gentamycin, 1M hypoxanthine and 

10% Albumax kept at 37 °C and 5% CO2, 5% O2 and N2 

balance using the candle jar method. 

Antiplasmodial Mark III Assay. This assay was 

developed by WHO and was used to evaluate the antimalarial 

activity [12]. The diluted plant extract was set in a 96-well 

plate with erythrocytes to make 5% hematocrit. Chloroquine 

was also prepared as a positive control, diluted with complete 

media in a dose-responding manner. 50 µL of the blood 

mixture media (erythrocytes and complete medium) was 

added to each well, followed by 50 µL of the test, control, and 

negative samples. The 96-well plate was incubated at 37 °C 

and 5% CO2, 5% O2, and N2 balance using the candle jar 

method. After 30 h, the 96-well plate was taken out of the 

incubator and the content of the wells was harvested to 

prepare thin and thick blood films. The number of schizonts 

with three or more nuclei per 200 parasites was noted while 

control and test wells were compared for the determination of 

inhibition percentage. All doses were done in triplicates. The 

inhibition of parasite growth percentage was calculated using 

the equation as follows.  

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 𝑜𝑓 𝑃𝑎𝑟𝑎𝑠𝑖𝑡𝑒 𝐺𝑟𝑜𝑤𝑡ℎ (%) =

(1 −
Number of schizonts in test wells

Number of schizonts in control wells
) × 100  (2) 

In vitro Cytotoxicity Assay. The cytotoxicity of the 

extract was evaluated on the human dermal fibroblast cells 

using MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl 

-tetrazolium bromide) assay. A concentration of 1 × 104

cells/mL (100 µL/well) was seeded on 96-well plates. After

24 h, the cells were treated with various concentrations of the

extract and then incubated for 24  h at 37 °C in an incubator

with a humidified atmosphere of 5% CO2. After another 24 h,

the media was changed and MTT solution (5 mg/mL) was

applied to each well at a rate of 10 µL per well for 3–4 h at

37 °C. In each well, formazan crystals were dissolved in

DMSO. A microplate reader was used to measure absorbance

at 570 nm to assess the strength of purple formazan [13].

IV. RESULT AND DISCUSSION 

A. DPPH Free Radical Scavenging Assay

Reactive Oxygen Species (ROS) and Nitrogen-Oxygen 

Species (NOS) are examples of free radicals formed when 

cells consume oxygen to produce energy. A moderate amount 

of these free radicals is essential to maintain physiological 

processes in the human body. However, when the amount of 

free radicals is in abundance, it can lead to cellular damage 

and toxicity in the human body, called oxidative stress. 

Oxidative stress triggers the release of free radicals which 

then undergoes oxidation of essential body molecules leading 

to diseases. Antioxidants are compounds that help maintain 

the equilibrium between the amount of free radicals and the 

condition of physiological processes in the human body.  

DPPH free radical scavenging assay was selected to 

measure the antioxidant activity because it works in both 

Hydrogen Transfer (HAT) and Electron Transfer Systems 

(SET) which provides a complex and diverse evaluation of 

plant extracts through two mechanisms of action. In the 

presence of antioxidant compounds, electron or hydrogen 

atoms are transferred, converting the DPPH radical, and thus 

discoloring the purple DPPH solution to a pale-yellow 

solution [14]. 

  The antioxidant activity evaluated by the DPPH free 

radical scavenging assay exhibited 6.42 ± 0.56 % at a 

concentration of 0.2 mg/mL from the methanolic crude 

extract of N. sativa. Besides, from another study in Morocco, 

N. sativa was extracted with methanol/water (85/15, v/v)

overnight at room temperature which yielded an antioxidant

activity of approximately 10% at 0.225 mg/mL [15]. Next,

Soxhlet extraction of N. sativa in India was also conducted

which exhibited an antioxidant activity of approximately 16%

at 0.2 mg/mL [16]. It was important to note that the N. sativa

seeds were soaked overnight in methanol solvent before

being transferred to Soxhlet Extraction for 6 h. Lastly,

another study in India also conducted a solvent extraction of

the seeds in methanol for 72 h. at which yielded an

antioxidant activity of approximately 35% at 0.2 mg/mL [17].

From the current study in comparison with the other studies,

it was observed that the DPPH antioxidant activity varied

with slightly different extraction methods, extraction time,

solvent used, and geological variety.

The antioxidant activity from N. sativa seeds may have 

been attributed to the abundance of phenolic and flavonoid 

compounds present in the extract [17]. Thymoquinone which 

is the principal compound from N. sativa seeds and also a 

major phenolic compound further emphasizes its role in the 

antioxidant spectrum with the combination of other 

phytochemicals present in the extract.  

B. In Vitro Antimalarial Activity of N. Sativa Seed

Extract

The in vitro antimalarial activity was identified with the 

Mark III assay developed by WHO is dependent on the 

schizont maturation as an indicator for parasite growth. The 

schizont maturation is determined by microscopy which is 

considered the gold standard in malaria diagnosis. The 

categorization of IC50 values was adopted from Gathirwa 

which states that antimalarial activity was: high (<10 µg/mL), 

moderate (10−50 µg/mL), low (50−100 µg/mL) and inactive 

(> 100 µg/mL) [18]. 

From Fig. 1, the N. sativa seed extract inhibited the parasite 

growth at a dose-dependent manner from 1.5625 µg/mL to 

100 µg/mL. It was observed at 50 µg/mL, the seed extract had 

reached over 50% of parasite inhibition. The seed extract had 

an IC50 value of 49.35 ± 9.08 µg/mL which falls on the 

borderline range of moderate antimalarial activity against the 

Plasmodium falciparum 3D7 strain. In another study, 

Omondi et al. [6] evaluated N. sativa seeds from Saudi 

Arabian origin against Plasmodium falciparum W2 and D6 

strains, which exhibited an IC50 of 80.48 ± 12.29 µg/mL (low) 

and 31.93 ± 4.31 µg/mL (moderate) respectively in 

methanolic extract. It was observed that the N. sativa seed 

extract was more sensitive towards the D6 strain and 3D7 

strain compared to the W2 strain. Geological reasons and 
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extraction methods might also contribute to the antimalarial 

activity of the seed extracts. 

The phytochemical compounds present in the seed extract 

contributing to antioxidant activity might also be contributing 

to the antimalarial activity, namely, flavonoids, phenolics, 

terpenes, and alkaloids. Although the details regarding the 

mechanism of action of N. sativa against the plasmodium 

parasites remain undiscovered, the phytochemical 

compounds might indicate possible reasons for inhibition. 

One possible reason was suggested that terpenes with similar 

chemical structure to intermediates of isoprenoids pathway 

were able to inhibit dolichol biosynthesis which affects 

malaria pathogenesis [19]. The terpenes present in the N. 

sativa extract might cause metabolic interference to the 

parasite’s biosynthesis of polyisoprenoids leading to parasite 

inhibition and death. Furthermore, alkaloids were suggested 

to be able to inhibit the hemozoin biocrystallization from 

toxic heme by the parasites created from hemoglobin feeding 

from erythrocyte invasion resulting to death by heme 

toxicity [20]. Besides, triterpenes were also suggested to be 

able to stop the maturation of the parasites from the ring stage 

to the schizont stage [1]. The antimalarial properties of N. 

sativa seed extract might have been a synergy of different 

bioactive compounds working in combination through a 

variety of mode of actions causing parasite death. 

Fig. 1. In vitro antiplasmodial assay. 

C. In Vitro Cytotoxicity Assay

Besides the evaluation of antimalarial activity, a potential 

antimalarial candidate should also exhibit a lack of toxicity to 

host cells. Therefore, cytotoxicity studies are vital in 

determining the lethal dose in which the extract is 

administered. The cytotoxicity of N. sativa seed extract was 

investigated by MTT assay for 72 hrs on human dermal 

fibroblast cells. The MTT assay is widely used in a variety of 

cell lines for viability evaluation. The chemical reaction 

involves a conversion of tetrazolium salt MTT to insoluble 

purple crystals formazan. The higher amount of viable cells, 

the higher the amount of purple formazan present and as such 

the assay is able to rapidly quantify the cell viability by means 

of spectrophotometric equipment.  

Fig. 2 below exhibited the percentage cell viability of the 

extract at concentrations from 1.5625 µg/ml to 100 µg/mL. 

The percentage of cell viability of the extract remained 

constant up to 100 µg/mL of concentration which indicates 

lack of cytotoxicity. The results from this study demonstrated 

the safety of the seeds in the treatment of malaria. 

Fig. 2. In vitro cytotoxicity assay. 

V. CONCLUSION

In this study, N. sativa seeds had been evaluated with the 

pLDH assay and had shown to possess capable antimalarial 

properties with an IC50 value of 49.35 ± 9.08 µg/mL. The 

antimalarial properties of N. sativa were contributed from the 

abundance of phytochemical compounds present in the 

extract, such as phenolics, flavonoids, terpenes and alkaloids. 

These cumulative phytochemical compounds also exhibited 

antioxidant activity which was evaluated to be 6.42 ± 0.56 % 

at a concentration of 0.2 mg/mL with DPPH assay. The 

antioxidant properties of N. sativa provided an added benefit 

in the management of malaria. A patient infected with malaria 

experiences systemic and tissue oxidative damage, therefore, 

having an added benefit of antioxidant activity helps reduce 

oxidative damage and maintain the redox balance, granting 

complementary therapy to antimalarial treatment. Besides, 

the cytotoxicity assay also exhibited safety of up to 100 

µg/mL, which makes N. sativa a suitable candidate for future 

development into a potential antimalarial agent. From the 

results obtained, this study had contributed to the evaluation 

of the antimalarial, antioxidant and cytotoxicity of N. sativa 

seeds cultivated in Malaysia and indicated promising 

potential for further research in hopes of achieving an 

antimalarial agent. 

However, since the scope of this study is only covering in 

vitro studies, which is first stage investigation in a controlled 

environment, future research needs to be executed in vivo to 

further grasp the effect of N. sativa in animal models such as 

cultivating Plasmodium berghei in mice and in-depth 

understanding of the mechanism of action of bioactive 

compounds targeting the malaria parasite. Lastly, the 

exploration and application of drug delivery and drug release 

techniques are also vital to improve the poor bioavailability 

of N. sativa seeds. 
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