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Abstract: Many natural plants have potential components having antiviral and antibacterial properties. 

Nigella sativa (N. sativa) components have been selected to observe the antiviral and antibacterial 

characteristics. Seed of Nigella contains thymoquinone (TQ), dithymo-quinone (DTQ), thymo-

hydroquinone (THQ), p-cymene, and thymol (THY). The neutralization process of viral proteins by TQ 

and THQ has been demonstrated in this study. The interaction of N. sativa nanoparticles on bacteria 

cells was discussed. N. sativa electrospun nanofibrous membranes have diverse merits. These include 

easily adjustable structure, high surface area, and adjustable diameter, good pore connectivity, and high 

porosity, which give broad application prospects in drug delivery systems. Nanofibrous membrane 

produced from an electrospinning machine from nigella extract with polyvinyl alcohol (PVA) solution 

for potential application as the interaction of N. sativa nanoparticles on drug delivery systems and 

bacteria cells were discussed. The disk diffusion approach was applied to analyze the antimicrobial 

activity of the PVA-nigella membrane against the bacteria, namely Staphylococcus aureus (S. aureus), 

and the inhibition zone with an outcome of 15 mm is found. 

Keywords: Nigella sativa; nanofibrous membrane; nanoparticles; targeted drug delivery; 

pharmaceutical applications. 
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1. Introduction 

A process in which microorganisms and their parts are used to make or modify products 

or new microorganisms are developed for special use is called a microbial process. These 

products made or modified by microorganisms are called microbe-based products [1]. Drug 

delivery systems are used to transport a pharmaceutical compound with the help of engineered 

devices to release its therapeutic cargo throughout the body in a controlled manner. The active 

compound's potential physical-chemical or enzymatic disruptions are diminished by 

encapsulating the molecules within a protective shell-like structure. Undesirable side effects 
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resulting from unspecific systemic distribution are reduced, and bioavailability of the active 

compound is increased [2-4].  

Bioproducts from nature have been considered as a valuable source of adroit molecules. 

Their extracts and compounds of plant origin possess antiviral activity [5]. The World Health 

Organization (WHO) reckoned that more than 80% of the world's population is dependent on 

traditional medicinal plants to meet their health essentials [6]. The application of medicinally 

active plants predates modern history. Currently, plants in nature exploited for medicine have 

become a part of the modern world healthcare systems due to their distinctive ability to 

synthesize versatile compounds with diverse health-related benefits [7, 8].  

Medicinal plants are exuberant in versatile of bioactive secondary metabolites such as 

alkaloids, terpenoids, phenolic, saponins, tannins, and flavonoids compounds which can 

generate an ascertained physiological action in the human body [9, 10] and schedule based 

taking the vegetables, fruits, legumes, nut increase immunity [11]. Among these various 

medicinal plants, (N. sativa has been contemplated as one of the most esteemed nutrients- 

opulent herbs worldwide, and manifold studies are in progress to ratify the traditionally claimed 

uses of a small seed of this species [12, 13]. N. sativa seeds contain fixed oils, alkaloids, 

saponin, proteins, and essential oil. 

Most essential oil elements are characterized; however, the major components are TQ, 

trans-anethole, carvacrol, p-cymene, 4-terpineol, and longifolene. TQ can easily dimerize to 

form dithymoquinone [15]. Currently, clinical and experimental studies have been conducted 

to investigate the therapeutic effects of TQ, including anti-inflammatory, immunomodulatory, 

antimicrobial, and antitumor [16-18]. Various bioactive components from the seed of N. 

sativa have been studied in the literature; among those, the most important components are 

TQ.  N. sativa has gained the potential therapeutic interest to cure immunosuppressive viral 

diseases with numerous biological targets and virtually no side effects. The essential oil 

composition studies investigated about forty various components; among the copious 

components reported are p- trans-anethole, carvone, cymene, α-thujene, limonene, THQ, TQ, 

DTQ,  β-pinene, and carvacrol with varying composition concentrations [18-20]. Literature 

[12-20] has reported the antibacterial, antiviral, antioxidant, antihypertensive, anti-diabetic, 

anti-inflammatory, neuroprotective, anti analgesic, antifungal, antimicrobial, antiparasitic, 

anticancer properties of N. sativa. From our investigation, we found that there is no study to 

explain the mechanism to deactivate the virus and its consequences. Viruses are 

RNA or DNA based according to their genetic material. The nucleic acid could be single or 

double-stranded. The exhaustive infectious virus particle is stated as a virion composed of an 

outer shell of protein and nucleic acid [21]. A theoretical mechanism has been proposed to 

deactivate the viral proteins in the present study. This concept can be used in the future to make 

a drug against viruses for the survival of humans across the globe. The alternative environment-

friendly natural herbs such as nigella seed have momentous effects due to their inherent bio-

medicinal properties. Thus, the fabrication of nanofibrous membrane by electrospinning 

technique extracted from natural polymers is reputed as an impeccable technique for 

applications in biomedical systems such as drug delivery and tissue engineering, leading to the 

coetaneous research field. Synergistic properties in a holistic approach of Nigella on 

nanofibrous membranes have not yet been studied comprehensively. The novelty of the present 

study is to fabricate a nanofibrous membrane with nigella extract to investigate its antibacterial 

and antiviral properties and useability in drug delivery systems. Similar works have been done 

in related literature [22-29]. 
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The uniqueness of this work is that it conceptually shows the prospects of N. sativa in 

conventional and targeted drug delivery systems against bacteria cells, viruses. It would be 

helpful for others to focus on research in related fields and find suitable medicine by N. sativa. 

2. Materials and Methods 

N. sativa has been considered for this conceptual paper as it has several biomedical 

properties against viruses, bacteria, and diseases. Nanoparticles from N. sativa can be 

synthesized either by top-down or bottom-up methods and can be applied as a drug in a drug 

delivery system or targeted drug delivery system or by any other means. A scanning electron 

microscopy test of the N. sativa nanoparticle has been performed, which confirms the physical 

adsorption, nanoparticles assembly, and multilayer assembly properties.  

Nanofibrous can be fabricated with a wide range of polymers. With regard to drug 

delivery systems, a polymer solution (N. sativa+ polymer) is prepared. After that, a prescribed 

proportion of the drug is homogenized, creating a suspension. This solution is electrospun to 

fabricate a nanofibrous membrane composed of a solid complex of polymer-drug. 

3. Results and Discussion 

3.1. Nigella sativa used in drug delivery systems. 

Rapid, controlled release or dissolution have become significant for designing and 

developing novel techniques for drug delivery applications due to their advantages, such as 

controlling the rate, site of delivery, increasing the bioavailability, and drug solubility [30]. 

Most of the known delivery systems are conducted by enteral routes in the form of capsules, 

tablets, granules, and so on. In contrast, some are conducted by parenteral routes such as intra-

arterial, intravenous, intramuscular, and subcutaneous. These forms and routes of conduction 

have disadvantages, such as discomfort or pain and first-pass metabolism. These issues can be 

resolved by conducting the drugs in the buccal cavity. Incorporating the active pharmaceutical 

substances into the nanofibrous membrane is expedient for this motive. A nanofibrous 

membrane prepared by electrospinning can be wetted by salvia, disintegrating the patient's 

mouth and releasing drugs that absorb the buccal mucosa.  

N. sativa or black cumin/black seed has been identified as a "miracle cure" because of 

its ability to cure various diseases. Researchers reported that black seeds have many therapeutic 

properties such as antimicrobial, antipyretic, antitumor, anti-diabetic, antihistaminic, 

antihypertensive, hepatoprotective, gastroprotective, and anti-inflammatory [31, 32]. 

Moreover, TQ is one of the important active substances of black cumin because it has many 

pharmacological activities such as antioxidant, anti-inflammatory, anticancer, and antibacterial 

properties [33]. Black cumin is hydrophobic, and therefore, it exhibits limited therapeutic 

effects on oral conduction. 

The electrospun technique has shown in Figure 1 (a). Black cumin is used in matrix 

delivery systems where the drug can be either molecular dispersed or dissolved inside the black 

cumin membrane. The drugs in drug-loaded membranes are released through surface 

dissolution or diffusion, and pores are produced because of fibers' degradation, as shown in 

Figures 1 (b) and 1(c). The rate of drug release in a dissolution drug delivery system is mainly 

determined by the slow dissolution of the matrix of the dissolution medium. The matrix slowly 

dissolves in the dissolution medium when the matrix system is immersed in and thereby 
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releases the drug. Noyes and Whitney described the basic equation for matrix dissolution 

shown in equation 1. 
𝑑𝑀

𝑑𝑡
= 𝐾(𝐶s − Cb)               (1) 

Nernst and Brunner modified this basic equation afterward- 

𝑑𝑀

𝑑𝑡
=
𝐷𝐴

ℎ
(𝐶s − Cb) 

where, 
𝑑𝑀

𝑑𝑡
 is the dissolution rate, D is the coefficient of diffusion, A is the surface area, H is 

the stagnant layer thickness, Cs is saturation solubility, and  C is the concentration in the 

dissolution medium 

Conversely, in a diffusion-based matrix system, the drug release rate is determined by 

the drug diffusion property of the drug in the matrix system. In this process, the dimensions of 

the matrix remain unchanged during the drug release. The diffusion process of molecules in a 

matrix can be described by Fick's law of diffusion, represented in equation 2. 

J = 𝐷
𝑑𝐶

𝑑𝑥
                    (2) 

where J is the flux  rate (kgm-2s-1), D is the diffusion constant (m2s-1) and 
𝑑𝐶

𝑑𝑥
 is concentration 

difference (kgm-4).  

 
Figure 1. Depiction of the release of drugs from the electrospun fibers, (a) Schematic of electrospun technique; 

(b) Various physical adsorptions of drugs into electrospun nanofibers; (c) drug release from electrospun 

nanofiber. 
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3.2. Nigella sativa in targeted drug delivery systems. 

In a targeted drug delivery system, N. sativa nanoparticles can be applied labeling with 

receptors or biomolecules to target cells or tissues, specifically in Figure 2. Antibodies are the 

most common targeted molecules in anticipation of epithelial growth factor receptors and anti-

epidermal growth factor receptors (EGFR). When drugs are delivered to epithelial cells, they 

are specially targeted as EGFR is common in all epithelial cells. Different cancer cells are 

overexpressed by human epithelial receptors, and they are commonly targeted by nano-enabled 

targeted drug delivery [34-36]. In order to increase the therapeutic efficiency of anticancer 

drugs, enabling targeted drug delivery and reducing side effects, nanoparticle-based cancer 

therapies play an important role. Much preclinical evidence shows the potential therapeutic 

role of TQ against various cancers [37-40]. 

 
Figure 2. Targeted drug delivery. 

3.3. Interaction of N. sativa on bacteria cell. 

Microbes reduce the effect of antibiotics by means of biofilm formation, and they can 

hide within the polymeric matrix [41]. Literature [42, 43] reported that TQ is a bioactive 

ingredient of N. sativa responsible for restraining biofilm formation among the bacteria. This 

is immensely beneficial in livestock production as the biofilm is generally the protective 

clothing used by pathogenic microbes to defend themselves from the effect of chemicals that 

could demolish them or antibiotics. TQ allows microbes to endure in extreme environmental 

situations [44]. In addition, TQ executed its antimicrobial function by blebbing and dents, 

preventing biofilm formation, cell lysis [45]. TQ has the capacity to generate ROS, which can 

damage the cellular electron transport, leading to extended oxidative stress that causes 

immutable damage to bacterial proteins, DNA, and membrane, effectuating cell death because 

of quick aging [46]. 

The components of N. sativa NPs with their manifold shapes, degree of selectivity sizes, 

chemical and physical stability, and high surface to volume ratios can unfold the cell membrane 

channels; therefore, opening the path of N. sativa NPs can reach their target sites. These N. 
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sativa nano encapsulations or nanoemulsions, including EOS can be adhered through hydrogen 

bonding, electrostatic and covalent interactions to generate antimicrobial systems. 

When N. sativa NPs enter cell walls, they directly affect toxicity due to higher 

concentrations of N. sativa NPs redemp more ions and are distributed through the bacterial cell 

wall. The higher intentness of produced ions disrupts the cell membrane and ROS generation 

and also helps to penetrate the cell membranes [47].  DNA damages and Protein inhibition 

causes oxidative stress represented in Figure 3. 

 
Figure 3. Proposed antibacterial mechanisms of N. sativa. It attacks the bacteria cell through multiple 

mechanisms; direct contact with the cell membrane by producing metal ions, cell membrane disruption, protein 

dysfunction, DNA damage, the electron transport chain inhibition, and the synchronization of bacterial 

metabolic processes. 

 
Figure 4. Contact active antibacterial surface structure consisting of different parts. 
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The formation of biofilms is due to microbial contamination on artificial surfaces 

associated with various resilient infections and multi-resistant bacterial resistance [48]. In 

addition, biofilms also cause material damage because secretion can deteriorate artificial or 

manufactured materials [49]. These issues have intimidated human health and caused 

functional application of medical devices or implants [50, 51]. To conquer these issues, 

different contact-active antibacterial materials developed from antibacterial polymers [52, 53]. 

Most current contact active antibacterial surfaces can easily be blocked by residues of dead 

cells or biomolecules, locking intersections with pathogens and stimulating unwanted 

ambivalent effects [54]. Contact active antibacterial surface structure consisting of different 

parts is presented in Figure 4. Ecofriendly antibacterial materials that integrate anti-fouling 

properties and contact active biocidal are therefore propitious to prevent microbial 

contamination [55]. The inhibition zone of 15 mm was found in PVA-N. sativa nanofibrous 

membrane against S. aureus bacteria, whereas there is no inhibition zone in PVA membrane 

shown in Figure 5. This is due to the action of TQ and THQ.  

 
Figure 5. Formation of inhibition zone or susceptibility profile (a) PVA; (b) PVA-N Sativa membrane. 

3.4. Mechanism against viruses. 

Nigella seed contains main active components such as TQ, DTQ, THQ, THY, p-

cymene, and other components. TQ is an active ingredient isolated from N. sativa. It could be 

a favorable agent to deactivate the viral proteins since the peptides and proteins are functional 

groups in the side chains of the constituent amino acids (e.g., amino, imine, heterocyclic amine, 

thiol, and hydroxyl) and the terminal amino acid residues. It would be considered that proteins 

could react with TQ, although their difficulty is greater than free amino acids or related 

compounds. TQ can modify or damage the viral proteins. A proposed mechanism for the 

reaction involved is shown in Figure 4, and the generated idea was confirmed from the literature 

[56, 57].  

THQ is willingly transformed into highly reactive TQ. TQs can modify a protein of a 

virus in three ways. Firstly, redox-cycling between TQs and the reduced THQs can assist in 

the generation of reactive oxygen species (ROS), which can be untreatable to biological events. 

The outcome of TQ redox-cycling would be the agent of the generation of ROS like 

superoxide anion radicals that can be the cause of oxidative damage of proteins. Oxidative 

a b 
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damage includes the formation of H2O2 from O2
2- which in turn produces either active hydroxyl 

radical or atomic oxygen capable of inactivating viruses.   

Figure 6. Reaction mechanism of TQ and THQ on viral proteins. 

Secondly, TQ can alkylate a protein through a nucleophilic attack. The reaction can be 

initiated by O, N, and S-containing nucleophilic amino acids in a protein. A proposed formation 

mechanism for the TQ or viral protein adduct follows the Michael addition [58]. Thirdly, TQs 

can induce protein cross-linking. In this pathway, TQs react with a nucleophilic amino acid, 

which is the residue of a protein deriving in amino acid oxidation, leading to the fabrication of 

aldehyde-containing amino acid, which can then condense with an amino acid residue from 

another protein molecule and generate intramolecular cross-linking. A reiterative cross-linking 

may cause the generation of oligomers and, ultimately, polymeric aggregates. 

Generally, it is considered that the main mechanism for TQ-induced protein 

modifications occurs through abducting formation, as suggested by literature [59, 60, 61, 62, 
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63]. Proteins can be converted into ammonia and carbon dioxide in a series of biochemical 

reactions in the human body.  

Some recent researches have been conducted on N. sativa for stating the opportunities 

of producing new medicine, antiviral face mask, anti-inflammatory, tissue growth stimulation, 

antioxidative approaches, anticancer effectiveness, covid-19 survival, toxicity reduction from 

nanoparticles, minimization of diabetic and cardiovascular diseases, and related health 

problems [64-76]. In the future, the mechanisms of different ingredients of N. sativa on 

different health problems need to be clearly understood for better treatment, and thus the 

research gaps from these recent studies in relation to the present study need to be investigated.   

This research work shows the scopes of N. sativa in microbial process and drug delivery 

system, which will act as state of the art for the researchers to carry out more research in this 

field to invent medicine from N. sativa for the benefit of a human being. N. sativa is already 

used as an anticancer and anti-inflammatory agent in pharmaceutical applications. The 

cytotoxic impacts of various N. sativa seeds as an adjunct treatment to doxorubicin on human 

MCF-7 breast cancer cells were assessed [77]. Moreover, the carcinogenic influences of 

dimethyl-benz(a)anthracene carcinogen in mammary carcinoma decreased by the applications 

of these seeds [78]. Anti-inflammatory and analgesic properties are found in the aqueous 

extract of these seeds [79]. 

4. Conclusions 

A mechanism for the deactivation of viruses by the interaction of TQ and THQ has been 

conceptually proposed and explained. A development of PVA-nigella nanofibrous membrane 

is also introduced that offers bacterial resistance against S. aureus bacteria, and thus it can be 

used as a wound dressing material. The potential of using N. sativa NPs in various fields 

increases the need to generate them on an industrial scale. Therefore, much effort has been 

made to utilize this natural resource and implement biological production processes with 

proven advantages such as being easy to scale up, environment friendly, and cost-effective.  N. 

sativa nanofibrous membrane would be a proficient choice for targeted and controlled delivery 

of therapeutic agents with their potential applications in tissue engineering, pharmaceuticals, 

surgical implants, cancer therapeutics, and wound dressing. Although, it is considered that TQ 

has a comparatively poor capacity to douse free radicals due to its oxidized form. In the future, 

there is room for further scientific research on components of Nigella to boost human immunity 

along with proper drugs against corona and other viruses. Several studies revealed that N. sativa 

and its components have outstanding natural therapy for treating a significant range of illnesses 

such as neurologic disorders, dyslipidemia, hypertension, and cancer. Both human and animal 

studies found that N. sativa and TQ have antioxidant properties useful as dietary supplements 

with minimum side effects.  
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