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Abstract

:

COVID-19 infection is associated with elevated oxidative stress, systemic hyper-inflammatory responses, endothelial dysfunction, and red blood cell membrane deformability. Nigella sativa extract is widely used in alternative and complementary medicine systems in a large population, due to its highly therapeutic, economic, natural, and safe nature. The aim of this study was to evaluate the effect of N. sativa extract on oxidative stress, hemolysis, proteolysis, and glycation through in vitro studies, as well as to find out its anti-viral potential against severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) using in silico studies. N. sativa seed extract (at 600 µg/mL) displayed 67.33% scavenging activity in the 2,2-diphenyl-1-picrylhydrazyl (DPPH) test, and 70.28% hydrogen peroxide reducing activity. N. sativa exhibited anti-proteolytic activity by decreasing heat-induced denaturation of bovine serum albumin (BSA) and egg albumin by 63.14% and 57.95%, respectively, and exhibited anti-proteinase potential of 66.28% at 600 μg/mL. In addition, heat-induced hemolysis and hypersalinity-induced hemolysis were inhibited by 57.86% and 61.7%, respectively, by the N. sativa seeds. N. sativa also inhibited browning intensity by 56.38%, and percent aggregation index by 51.38%, amyloid structure by 48.28%, and AGE-specific fluorescence by 52.18%, thereby protecting the native structure of BSA from glycation. The binding interactions between bioactive molecules of N. sativa seed with SARS-CoV-2 spike glycoprotein were proven by using in silico molecular docking tools. The functional amino acids involved in the interactions are Asp467, Thr108, Thr114, Ile468, Asn234, Gln155, Glu465, Arg466, Gly232, and Ile233, indicating the inhibiting property of N. sativa on SARS-CoV-2. Finally, we may infer that phytoconstituents of N. sativa seeds have the potential to protect against the spike protein of SARS-CoV-2. Studies on N. sativa seeds might act as a path to develop a potent alternative therapy against viral infections, especially COVID-19 infection, in the future. However, the limitations linked with the use of natural products are also needed to be considered in this regard.
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1. Introduction


The coronavirus disease-2019 (COVID-19) is caused by SARS-CoV-2) infection. The condition in infected individuals varies from asymptomatic, mild to severe symptoms [1]. Severe outcomes may include acute respiratory distress syndrome, cardiac problems, multiple organ failure syndrome, septic shock, and death. Cytokine storm has been implicated in most hyper-inflammatory complications, often associated with co-morbidities [2,3]. Changes in the blood cell phenotype, lead to coagulation abnormalities and vascular constrictions, contributing to vascular disease [4].



The coronavirus entry into the host cell is mediated by a glycoprotein transmembrane spike protein on the viral envelope. The functional subunits (S1 and S2) in the spike protein attach to the host cell surface receptor to facilitate the virus-host cell fusion [5]. Angiotensin-converting enzyme 2 (ACE2) has a pivotal role in viral entry via membrane fusion [6]. Recently, the crystallographic structure of the ACE2 receptor-S protein (spike protein from SARS-CoV-2) complex -was published, suggesting that the disruption of this complex formation might be a promising target for drug development.



Angiotensin and ACE2 interacting proteins have been identified on the surface of red blood cell (RBC) membranes [7]. Thus, RBCs are susceptible to invasion by the virus. COVID-19 can lead to an intense acute-phase response, linked to complement dysregulation [8]. COVID-19 infection causes disruption in the homeostasis of the RBC membrane. A study indicates that RBCs from COVID-19 patients show altered lipid metabolism, in addition to an increase in glycolytic intermediates, as well as oxidation and fragmentation of erythrocyte membrane domains [9]. COVID-19 can also lead to impaired function of inherent antioxidant capacity of mature RBCs. Proteasome and degradation machinery components were found in higher concentrations in RBCs, indicating increased RBC protein breakdown in patients. Thus, RBCs in COVID-19 show higher susceptibility to oxidative stress-induced lysis [9].



In diabetic patients, the expression of ACE2 increases substantially [10]. Non-enzymatic glycosylation i.e., glycation of ACE2 has been suggested to have a direct effect on the mechanism of the SARS-CoV-2 virus [11]. Hyperglycemic condition is well known to increase the glycation of various biomolecules and increase the formation of advanced glycation end products (AGEs) [12,13]. AGEs are linked to increased COVID-19 risk factors. AGEs bind with its membrane-bound receptor (mRAGE) and stimulate intracellular signals to express various inflammatory transcription factors. The role of AGE/RAGE signaling has been associated with an increase in oxidative stress leading to hyperglycemia-mediated diabetes mellitus [14]. Antioxidant enzyme inactivation by glycation, can affect the cellular antioxidant defense mechanism, contributing to a variety of diseases associated with long-term diabetes consequences leading to exacerbation of oxidant-antioxidant imbalance [15].



In COVID-19 patients with sepsis, the inflammatory response can cause cellular oxidative stress and activation of redox pathways, resulting in an increase in circulatory inflammatory mediators, including cytokines [16]. Oxidative stress and mitochondrial activity suppression lead to tissue injuries in COVID-19, which cause damage to endothelial, alveolar, and cardiac cells [17]. Moreover, inflammation has been linked to protein denaturation, membrane changes, vascular permeability, endothelial dysfunction, and pain, thereby exacerbating the disease [18]. Hypoalbuminemia may be considered a severity marker of epithelial-endothelial damage in COVID-19 patients [19]. Administration of agents with a potential to stabilize endothelial membrane and suppress albumin denaturation or supply a high dose of albumin, might be beneficial in the management of acute inflammation associated with COVID-19 [20].



Treatment and management of diseases in various traditional medicinal systems using medicinal plants have been found to be a safe and economically sound alternative to allopathic medicines. Nigella sativa (family: Ranunculaceae) is a medicinal spice and is recognized as an effective remedy to treat various health problems. Previous studies have reported its effects, such as antihypertensive, antibacterial, antidiarrheal, digestive, liver tonic, diuretic, analgesic, and skin protectant. It is also reported to have therapeutic effects on neurological diseases, heart disease, tumor progression, hyperglycemia, and inflammation [21,22]. Despite the identification of the beneficial effects of N. sativa in various chronic illnesses and risk factors, the actual mechanism has yet to be elucidated.



The research and development of new medications is a time-consuming and costly procedure. In the United States, it takes roughly up to 12 years to disclose a novel medicine, including trials and regulatory clearance [23]. Currently, there are no particular antivirals available to battle COVID-19. So many approaches are used to tackle this problem such as RNA-dependent RNA polymerase (RdRp) as a novel drug target due to its essential role in virus replication. turmeric-derived compounds were chosen and subjected to in-silico analysis to evaluate their binding affinity against the RdRp-RNA complex of SARS-CoV-2 [24]. Non-structural protein 1 (Nsp1), a virulence agent of SARS-CoV-2, has emerged as an important target for drug discovery. The semi-synthetically derived aminoarylbenzosu-berenes (AAB) from Himachalenes (an isomeric mixture of sesquiterpenes found in Cedrus deodara oil) were used for elucidating their therapeutic potential against COVID-19 [25]. The SARS-CoV-2 main protease (Mpro) is an attractive target in the COVID-19 drug development process. It catalyzes the polyprotein’s translation from viral RNA and specifies a particular cleavage site. Due to the absence of identical cleavage specificity in human cell proteases, targeting Mpro with a chemical compound (synthesized 3 h) can obstruct the replication of the virus [26]. The in silico work is developed with this in mind to evaluate the medicinal potentials of major phytochemicals in N. sativa. Our aim was to examine the effect of N. sativa on oxidative stress, inflammation, glycation, and other chronic disease risk factors linked with COVID-19 to understand its therapeutic potential, using in vitro and in silico studies. Exploring the medicinal plants and using a drug repurposing strategy to determine potential anti-COVID-19 drugs, are important in order to find a potent natural therapy for COVID-19 in the current circumstances.




2. Materials and Methods


Ascorbic acid, Folin-Ciocalteau reagent, gallic acid, trichloroacetic acid (TCA), DPPH, ferric chloride, potassium ferricyanide, quercetin, trypsin, and Congo red were purchased from Sigma-Aldrich, St. Louis, MI, USA. Dimethyl sulfoxide (DMSO), ethanol, methanol, hydrochloric acid, aluminum chloride, sodium carbonate, sodium hydroxide, hydrogen peroxide, monosodium dihydrogen phosphate, and disodium hydrogen phosphate were purchased from Merck, Darmstadt, Germany. The solvents used were of HPLC grade.



2.1. Extract Preparation from Nigella sativa Seeds


The methanol extract of N. sativa seeds was prepared by following the standardized extraction procedure published earlier [27]. In a nutshell, distilled water was used to clean the seeds. After drying, the seeds were crushed using a mortar and pestle. The dry crushed seeds were coarsely powdered in an automated mixer grinder. The seed powder was soaked in 97% methanol (50 g in 500 mL) for three days at 37 °C in a magnetic shaker. To get a crude active component, the extract was filtered and condensed using rotary evaporators at 40 °C under reduced pressure. The condensed extract was kept at 4 °C for further study. Using the following equation, the percent yield of extract was computed. ‘


Yield (%) of N. sativa seed extract = [W/IW] × 100.



(1)




where, W refers to the weight of seed extract, and IW denotes the initial weight of dry seeds.




2.2. Determination of Antioxidant Capacity Using Hydrogen Peroxide (H2O2)


A previously published procedure was followed to investigate the antioxidant capacity of the extract [27,28,29] using hydrogen peroxide (1000 µL of 40 mM H2O2, prepared in phosphate buffer of pH 7.4) and extract (50, 75, 100, 200, 300, 400, 500, and 600 μg/mL) or ascorbic acid (100 and 200 µg/mL). The absorbance of the control and experimental samples was noted at 230 nm after 10 min of mixing. Phosphate buffer was used as a blank. The experiments were performed in triplicate.


H2O2 reducing potential (%) = [(Uc − Us)/Uc] × 100



(2)




where Us is the absorbance of the sample that contains both extract (or ascorbic acid) and H2O2 solution, while Uc is just the absorbance of control H2O2 solution [27].




2.3. DPPH Assay for the Evaluation of Antioxidant Activity


DPPH assay used 2.5 mL of ascorbic acid (100 and 200 µg/mL) or extract (50, 75, 100, 200, 300, 400, 500, and 600 µg/mL) along with 1 mL of DPPH (0.3 mM in methanol) to confirm antioxidant potential of the extract [27,28,29]. After half an hour incubation under dark conditions, the absorbance of all solutions was measured against methanol at 517 nm. In contrast, a DPPH solution in methanol was employed as a control.


DPPH scavenging activity (%) = [(Uc − Us)/Uc] × 100



(3)







Here, Us is indeed the absorbance of the sample that contains both extract (or ascorbic acid) and DPPH solution, while Uc is just the absorbance of control.




2.4. Evaluation of RBC Membrane Stability


2.4.1. Preparation of RBC Suspension


The blood samples from three healthy and fit volunteers were transferred to tubes with an equal amount of Alsever’s solution (sterilized), and then the tubes were centrifuged at 3000 rpm for 10 min. The erythrocytes were collected in separate tubes and washed thrice with an equal volume of saline. An RBC suspension (10% v/v) was prepared using isotonic phosphate buffer (pH 7.4) [27,30].




2.4.2. Inhibition of Heat-Induced Hemolysis


Inhibition of hemolysis is very significant in the context of the treatment of various diseases. With a few modifications, heat-induced erythrocyte hemolysis was performed as described in previous works [27,31]. A total of 500 µL of either extract (50, 75, 100, 200, 300, 400, 500, and 600 µg/mL) or aspirin (100, and 200 µg/mL) was mixed with 500 µL of RBC solution (10% v/v) and incubated at 56 °C. After 20 min, the tubes were cooled under running tap water, and were centrifuged at 2500 rpm for 5 min. The absorbance of the different supernatants was recorded at 540 nm against phosphate buffer. The control consisted of buffer and RBC suspension only.


Percentage protection = [(Uc − Us)/Uc] × 100



(4)







Here, Us is the absorbance of the sample that contains both extract/aspirin) and RBC solution, while Uc is just the absorbance of the control solution.




2.4.3. Inhibition of Hyposaline Induced Hemolysis


The protecting ability of N. sativa extract against hemolysis was tested as described in the previous studies with a few changes [27,31]. A total of 250 µL of phosphate buffer (pH 7.4, 0.1 M), 500 µL of hyposaline, and 125 µL RBC suspension (10% v/v) were combined with 1 mL of extract (0–600 µg/mL) or diclofenac (100, and 200 µg/mL). In contrast, the control solution solely utilized distilled water. All tubes were kept at 37 °C for 30 min. The tubes were centrifuged for 10 min at 3000 rpm after the incubation period. The absorbance of the supernatant was measured at 560 nm.


Protection (%) = 100 − [(Us/Uc) × 100]



(5)







Here, Us is the absorbance of the sample that contains both extract/diclofenac and RBC solution, while Uc is just the absorbance of the control solution [27].





2.5. Screening of Anti-Glycating and AGEs Formation Inhibition Potentials


2.5.1. In Vitro System of Protein Glycation System


With minimal modifications, Brownlee’s technique was used [32]. In phosphate buffer (0.1 M, pH 7.4), glucose (500 mM) was mixed with BSA (10 mg/mL) with or without seed extract (50, 75, 100, 200, 300, 400, 500, and 600 µg/mL). The combinations were incubated in a shaker for 15 days at room temperature, without any direct sunlight. To remove unbound glucose, the glycated samples were dialyzed at 37 °C against phosphate buffer (50 mM, pH 7.4) for 12 h.




2.5.2. Assessment of Browning Intensity


The degree of glycation can be correlated with the browning intensity of glycated samples. The degree of browning was investigated by recording the absorbance of different samples at 420 nm [15] after dilution with distilled water.


Percentage protection = [(Uc − Us)/Uc] × 100



(6)







Here, Us is the absorbance of the sample having BSA and glucose with extract, while Uc is just the absorbance of the control solution having BSA and glucose.




2.5.3. Protein Aggregation Index


The protective ability of extract against protein aggregate formation was determined by measuring the absorbance of glycated samples incubated in the presence of extract (50, 75, 100, 200, 300, 400, 500, and 600 µg/mL) or absence [27,33]. The aggregation index was derived using the following formula given below:


Percentage of protein aggregation index = [U340/(U280 − U340)] × 100



(7)




where U340 = Absorbance at 340 nm and U280 = Absorbance at 280 nm.





2.6. Biophysical Studies to Investigate AGEs Formation Inhibiting Properties of Extract


To induce glycation, BSA (0.2 mg/mL) was incubated with glucose (500 mM) in 20 mM sodium phosphate buffer (pH 7.4) for 15 days in a shaking water bath at 37 °C. The control had BSA incubated with phosphate buffer (20 mM, pH 7.4) [27,28]. The addition of sodium azide (3 mM) prevented bacterial contamination. The dialysis of each sample was done at the end of incubation using sodium phosphate buffer (0.1 M, pH 7.4) at 4 °C.



BSA (0.2 mg/mL) that was incubated with glucose (0.5 M) in sodium phosphate buffer (20 mM, pH 7.4) with N. sativa seed extract (50, 75, 100, 200, 300, 400, 500, and 600 µg/mL) to investigate, whether N. sativa could prevent glycation and inhibit AGE formation. The protection against glycation and AGEs formation was evaluated using the biophysical method, AGEs specific fluorescence [28,29,34,35]. All fluorescence measurements were performed with a Shimadzu spectrofluorometer (model RF-5301PC). However, with excitation at 350 nm and emission in the range of 400–480 nm, protection against the generation of fluorescent AGE products was investigated. For both excitation and emission, the slit widths were 3 nm.




2.7. Molecular Docking Studies


Molecular docking studies of N. sativa compounds were conducted to identify potential natural anti-virals for COVID-19 treatment with compounds other than the selected ligands; as well, it provided the precise idea for this preliminary study [36].



2.7.1. The Receptors


To forecast the interaction of key protein SARS-CoV-2 spike glycoprotein with metabolites of N. sativa seed extract, molecular docking analysis was used. The SARS-CoV-2 spike glycoprotein (closed state, PDB id: 6VXX) 3-D structure was downloaded from Protein Databank (https://www.rcsb.org/, accessed on 23 January 2022). The selection of the structure was based on resolution, source organism, and availability of bound ligand for reference of the active site. The crystal structure was obtained by X-ray diffraction at the wavelength of 2.8 Å. Spike glycoprotein has three chains, A, B, and C, which do not participate in binding with ligands. NAG or 2-acetamido-2-deoxy-beta-D-glucopyranose is a ligand that is already bound with spike glycoprotein chains. During docking analysis, the previously bound ligands, including NAG, should be removed and are needed to be replaced with test ligands, to check the interaction of test ligand binding with the receptor. Therefore, we removed NAG bound with spike glycoprotein chains.




2.7.2. The Ligands


Thymoquinone, dithymoquinone, nigellicine, pentadecanoic acid, octadecadienoic acid, (Z)6-pentadecen-1-ol, 9,12-octadecadien-1-ol, and dioctyl phthalate were identified an active constituent of N. sativa extract [37]. Three-dimensional structures of all the ligands were downloaded from the NCBI PubChem compounds database (https://www.pubchem.ncbi.nm.nih.gov/, accessed on 23 January 2022) in SDF format. Then these files were converted into PDB format using Open Babel software (https://sourceforge.net/projects/openbabel/, accessed on 23 January 2022). Details of the ligands with their properties are given in Table 1.




2.7.3. In Silico Molecular Docking


The present in silico work is developed with the consideration of claimed medicinal potentials of N. sativa major components. Molecular docking is a powerful computational modeling tool in evaluating the binding of a ligand (phytochemicals or others) to the active site of a protein or receptor. Molecular docking was performed to identify the interaction between substrate and protein. AutoDock vina (https://vina.scripps.edu/, accessed on 23 January 2022) was used for docking, and the protein was prepared accordingly in Biovia Discovery Studio Visualizer (https://discover.3ds.com/discovery-studio-visualizer-download/, accessed on 23 January 2022).



Before docking, all crystallographic water molecules were removed, the hydrogen atoms, charges were added, and default settings were selected for other parameters. The grid size of the docking was, center_x = 181.11, center_y = 233.11, center_z = 243.26 along the size 20 for X, Y, and Z-axis for 6VXX.



To minimize the energy, before performing the docking experiment, polar hydrogens were added to the protein receptor, and Kollman’s partial atomic charges were applied. The processed structure of receptors was saved in PDBQT file format, which contains hydrogens in all polar residues. MGL tools (https://ccsb.scripps.edu/mgltools/downloads/, accessed on 23 January 2022) were used to process the receptor and ligands by adding hydrogen atoms [38]. The maximum number of runs was set to 8. The best docking in terms of free energy of binding (expressed as negative values) was considered for further analysis.





2.8. Statistical Analysis


Experiments were performed in triplicate. Values were expressed as means ± Standard Error. ANOVA was used for statistical analysis. The probability, p < 0.05 was considered statistically significant for a test.





3. Results


3.1. H2O2 Reducing Activity of N. sativa Seed Extract


In vitro antioxidant activity of N. sativa seed extract was evaluated by measuring the H2O2 reducing potential of the extract. Our data in Figure 1 shows that the extract possesses a significant H2O2 reducing activity as compared to the negative control (0 mg/mL of extract) in a concentration-dependent manner. The radical scavenging activity of Nigella extract at 400, 500, and 600 µg/mL has been found to be significantly comparable to the radical scavenging activity of ascorbic acid (p ≤ 0.001). However, the antioxidant activity of ascorbic acid was higher than the equivalent concentration of the extract.




3.2. Scavenging of DPPH Radical by N. sativa Seed Extract


The DPPH assay was employed in the current investigation for the screening of the free radical-scavenging activity of the extract because it is sensitive even at low concentrations. Antioxidants react with DPPH free radical to form 1,1-diphenyl-2-picryl hydrazine, and the amount of discoloration reveals the ability of N. sativa to scavenge free radicals. From 50 mg/mL concentration, N. sativa seed extract showed significant DPPH radical scavenging activity in a concentration-dependent manner (Figure 2), and displayed 67.33% scavenging activity at 600 µg/mL. The radical scavenging potential of the extract at 200 and 300 mg/mL is significantly equivalent to (p ≤ 0.01) 100 mg/mL of ascorbic acid, whereas 400 to 600 mg/mL of extract is significantly equivalent to (p ≤ 0.001) 200 mg/mL of ascorbic acid.




3.3. Effect of N. sativa on Membrane Stabilization


The role of RBC membrane stabilization and inhibition in its lysis by N. sativa seed extract was investigated to measure the anti-inflammatory activity of N. sativa.



3.3.1. Protection against Hemolysis Caused by Heat


Methanol extract of N. sativa seed had substantial membrane stabilizing activity from 200 mg/mL concentrations (Figure 3). The maximal membrane stabilization was found to be 57.86 ± 0.81% at 600 µg/mL of N. Sativa extract against heat-induced hemolysis. This effect of extract from 400 to 600 µg/mL is significantly similar (p ≤ 0.001)) to the effect of a traditional allopathic anti-inflammatory medicine, aspirin (100 and 200 µg/mL). However, aspirin provided the best protection against hemolysis at 200 µg/mL concentration by 52.97 ± 0.77%.




3.3.2. Protection against Hemolysis Caused by Hyposaline


N. sativa seed extract protect against hyposaline-induced hemolysis of RBCs in a dose-dependent manner from 100 mg/mL. (Figure 4). The protective effect of the extract (400–600 mg/mL) is equivalent to the standard reference drug diclofenac sodium (p ≤ 0.001). In the studied concentrations, the extract exhibited a maximal inhibition of 38.72%.





3.4. Screening of Anti-Glycating and AGEs Formation Inhibition Potentials


Hyperglycemia leads to glycation of various biomolecules, and AGEs formation [12,13] and AGEs are also linked to increased COVID-19 risk factors. Thus, it is important to investigate the role of N. sativa seeds in inhibition of glycation, formation of AGEs as well as glycation associated effects on biomolecules.



3.4.1. Effect of N. sativa on Browning Intensity


Glycation of various biomolecules, including proteins, can be detected by its browning intensity [27,29]. To determine the effect of N. sativa extract against glycation, the browning intensity of glycated BSA (G-BSA) was measured (Figure 5). The browning of BSA, glycated by glucose, in the absence of N. sativa extract was considered to be 100% (G-BSA: negative control). In our experiment, methanol extract of N. sativa significantly reduced the browning of BSA from 200 mg/mL concentration as compared to the negative control. The extract significantly prevented 43.91% browning at 600 µg/mL (p ≤ 0.01).




3.4.2. Effect of on N. sativa Seed Extract on Protein Aggregation Index


Non-enzymatic protein glycation leads to the formation of aggregates [27]. Incubation of BSA with glucose for 15 days results in the formation of misfolded aggregates, which is considered as 100% aggregation index (negative control). BSA samples incubated with glucose in the presence of N. sativa seed extract showed a reduced aggregation index as compared to the negative control (Figure 6). The effect of the extract is significant from 100 µg/mL (p ≤ 0.05) and the maximum effect is seen from 300–600 µg/mL.




3.4.3. Fluorescence of AGE


The fluorescence intensity of BSA treated with glucose was at its peak at 450 nm. BSA incubated with glucose is considered as negative control. With the increase in the concentration of N. sativa seed extract, the co-incubated BSA showed a continuous decrease in AGEs specific fluorescence at 450 nm (Figure 7). The highest inhibition (52.18%) of AGE fluorescence was achieved at 400 µg/mL. Our findings suggest that N. sativa seed extract protects against the formation of AGEs due to glycation.





3.5. Receptor-Ligand Interaction Study by Molecular Docking


N. sativa was selected in this study because of its considerable documented therapeutic effects including antihypertensive, diuretics, antidiarrheal, appetite stimulant, analgesics, digestive, antibacterial, as well as its protective properties against neurological and mental illness, cardiovascular disorders, cancer, diabetes, and inflammatory conditions. Due to the diverse range of protective functions and their clinical implications in COVID-19, the involvement of certain compounds in N. sativa were investigated in this study for their therapeutic potential. The compounds used in this study were chosen because peaks of these compounds have been reported to be very significant in the GCMS profile of N. sativa seed extract as investigated by a previous researcher [36]. The selected phytoconstituents in this study including thymoquinone, dithymoquinone, nigellicine, pentadecanoic acid, octadecadienoic acid, (Z)6-pentadecen-1-ol, 9,12-octadecadien-1-ol, and dioctyl phthalate have been identified to be biologically active constituents of N. sativa extract [36].



However, we found that molecular interactions of thymoquinone, dithymoquinone, thymohydroquinone with necessary Coronavirus spike protein using autodoc vena are already published [36]. Therefore, the data linked is not being presented here due to similar findings. The binding energy and functional residues of the protein are shown in Table 1. Based on the results, all the ligands bind with protein. The active residues mainly found in these interactions are Asp467, Thr108, Thr114, Ile468, Asn234, Gln155, Glu465, Arg466, Gly232, and Ile233 as shown in Figure 8. Ramachandran plot analysis suggests that most residues are in favored regions [39]. The hydrogen bond, pi-sigma, pi-alkyl, and alkyl type interactions were the main forces that held the compounds in the protein pockets.





4. Discussion


SARS-CoV-2 virus infection rate and transmissibility are very high. Currently, there is no clinically authorized medication to treat COVID-19 and SARS-CoV-2. COVID-19 immunization aids in the prevention of COVID-19 infection. Several researchers are investigating the possibility of repurposing current antiviral medications to evaluate their efficiency against the SARS-CoV-2 virus. Meanwhile, understanding the pathogenic mechanism of SARS-CoV2 is critical for developing effective antiviral medicines or vaccines. Several studies have identified possible SARS-CoV-2 therapeutic medication targets based on the virus’s biology and clinical symptoms [40].



The imbalance of numerous defense systems in response to oxidative stress is one of the causative factors in the development of illnesses [27,35]. Khan and his group have suggested that it might be feasible to regulate or restrict the disease severity and improve prognosis by reducing oxidative stress [41]. The increased production of reactive oxygen species (ROS) and the depletion of antioxidant systems can impact COVID-19 incidence, progression, and severity. Interconnected pathways arising from the interplay of transcription factors with opposing effects explain the links between oxidative damage and inflammation. A well-balanced diet high in antioxidants is thought to have antioxidant properties, as well as the ability to avoid oxidative stress, inflammation, and immune system damage, and may be useful in the prevention, treatment, and management of COVID-19. The study revealed that N. sativa seed extract contains prominent radical scavenging and antioxidant activities that may be due to the presence of phenolic compounds. Therefore, N. sativa seed extract might have the ability to protect from oxidative stress-induced lung injury in COVID-19.



Glycation is a significant cause of oxidative stress [34,35]. Glycation has been shown to cause structural alterations in a variety of biomolecules, including proteins, and the formation of aggregates may occur as a result of the structural defect. The formation of protein aggregates has also been found to be further related to a variety of diseases and associated repercussions [42]. Human blood contains Albumin in large amounts, which is glycation-prone [34,35]. Our data reveal that a methanol extract of Nigella seed has a significant ability to prevent browning of BSA and hence, it has the ability to inhibit glycation of BSA.



As previously noted, AGEs through the interaction with RAGE and other molecules are the underlying cause of COVID-19 and related comorbidities, as well as non-enzymatic glycation, might stimulate ACE2 activity [18]. RAGE binds damage-associated molecular patterns and transduces the pathogenic signals in the vascular system, including blood vessels (in the diabetic population), and adipose tissue (in obesity-suffering people). Damage-associated molecular pattern-RAGE enrichment in these priming tissues, as well as in the lungs and heart during an active infection, is thought to play a role in SARS-CoV-2-induced broad tissue damage [43]. Our data shows that N. sativa seed extract decreases glycation and AGEs formation as indicated by a reduction in the browning intensity and aggregation index. AGEs specific fluorescence investigation confirmed the anti-glycating and AGEs formation inhibition potential of N. sativa seed extract.



The most numerous blood cells (80%) involved in oxygen transport from the lungs to the bodily tissues are red blood cells (RBCs), also known as erythrocytes. Furthermore, poor red blood cell (RBC) deformability may have a role in inflammation and hypoxia in COVID-19 patients [44]. Besides, COVID-19 vaccines have been reported to induce severe hemolysis in paroxysmal nocturnal hemoglobinuria [45]. These findings showed that N. sativa seed extract is potent to decrease hemolysis, which suggests that the membrane stability is a secondary mechanism of their anti-inflammatory activity. This impact might prevent neutrophils from releasing lysosomal material at the site of inflammation. In this regard, N. sativa seed can be an important therapeutic drug candidate as indicated by its RBC membrane-stabilizing potential in our study.



Inflammation in endothelial cells is thought to be triggered by oxidative stress, which is mediated via the production of adhesion molecules on the cell surface. Changes in the immune system and RAAS, as well as inflammatory condition, oxidative damage, and endothelial dysfunction in diabetes, have the potential to exaggerate the response triggered by SARS-CoV-2, which subsequently leads to pulmonary thrombosis, increased vascular permeability, and/or cytokine storm, resulting in respiratory failure [10]. N. sativa seed extract has shown antioxidant activity, and protection from denaturation of albumin, proteinase inhibition, as well as from hemolysis. Molecular docking research was conducted to find inhibitors of the SARS-CoV-2 virus; to confirm the chemical constituents of N. sativa seed extract which can possibly bind to viral protein and therefore can inhibit its entry to the human cell. SARS-CoV-2 spike glycoproteins promote entry into cells, and could be the main target of antibodies. It was shown that SARS-CoV-2 S uses ACE2 to enter cells. The receptor-binding domains of SARS-CoV-2 spike glycoprotein and SARS-CoV have been reported to bind to human ACE2 with similar affinities, correlating with the efficient spread of SARS-CoV-2 among humans [46]. The BNT162b2 vaccine candidate from Pfizer/BioNTech and the mRNA-1273 vaccine candidate from Moderna are both based on stabilized mRNA encoding prefusion SARS-2-S that can be created after the mRNA is introduced into the human cell and translated. SARS-2-S is split into two subunits, S1 and S2, with S1 functioning as a receptor binder and S2 serving as a membrane fusion protein [47]. In our molecular docking analysis, we took five bioactive compounds of N. sativa seed extract. We investigated the possible interaction of these ligands with Coronavirus spike glycoprotein (6VXX) and proved their interactions. Our docking study shows that N. sativa seed extract has a broad range of affinity for angiotensin binding spike glycoproteins of SARS-CoV-2. As a result, N. sativa seed extract might be able to subsequently block the angiotensin binding spike proteins and can stop the inflammatory/vascular impairment. Similar to our docking analysis, various research groups have verified an optimal interaction between N. sativa compounds and SARS-CoV-2 receptors and have predicted N. sativa as a plausible inhibitor to disrupt viral-host interactions. Shaikh et al. [48] have conducted a similar docking study using N. sativa phytoconstituents as ligands and receptor-binding site of SARS-CoV-2 (PDB ID: 2AJF). The study reported that dithymoquinone, thy-mohydroquinone, thymol, and thymoquinone from this medicinal plant might inhibit COVID-19 infection giving the same or better energy score compared to chloroquine [48]. Ahmad and group found that dithymoquinone could interact with the SARS-CoV-2:ACE2 interface with a high binding affinity [36]. Koshak et al., have confirmed that N. sativa supplementation was linked to a quicker recovery of symptoms than standard therapy alone for individuals with moderate COVID-19 infection [49].



Other medicinal plants such as Turmeric possess beneficial features such as analgesic, anti-inflammatory, antiviral, and antimicrobial activities, and hence are extensively used in Ayurveda and Siddha medical systems. The turmeric-derived compounds were computationally screened to evaluate their binding affinity with the RdRp of SARS-CoV-2. A set of six turmeric-derived compounds was docked with the SARS-CoV-2 RdRp-RNA; Diacetylcurcumin (69.54 kcal/mol), Curcumin (64.10 kcal/mol), Tetrahydrocurcumin (62.1 kcal/mol), Dimethylcurcumin (58.99 kcal/mol), Demethoxycurcumin (52.95 kcal/mol), Bis-demethoxycurcumin (51.15 kcal/mol) [24].



In 2022, Anwar and group confirmed the beneficial health effects of ajwa against the pathophysiology of various diseases that might be involved in the severity and mortality linked with SARS-CoV-2 infection in diabetic conditions through in vitro studies [50]. This research group has further suggested that agents with membrane-stabilizing properties and inhibiting potential of protein denaturation [27,30] might be very beneficial against inflammatory diseases like COVID-19 [50]. The health beneficial effects of traditional Chinese medicine (TCM) have been published in response to the epidemics of COVID-19 and SARS-CoV. It is suggested that TCM reduces the severity of COVID-19 through numerous mechanisms [51], such as reducing NF-B signaling and 3CLpro activity [52]. In this respect, our in vitro investigations on the antioxidant, anti-inflammatory, antiglycating, and anti-AGEs production properties of N. sativa seed extract suggest that Nigella sativa seed might be recommended for the protection, treatment, and management of COVID-19-associated comorbidities in diabetic conditions.



In silico study is an excellent tool to screen a drug because it can predict the protein-ligand binding site, can reduce laboratory experiments, and can accelerate the drug discovery process. Virtual screening to uncover potential drug leads using molecular docking simulations has been extremely successful over the last decade. However, in terms of using such compounds as medicines for specific indications and/or diseases, conventional, model-dependent screening of compounds with limited targets has significant limitations. Furthermore, when selecting a prospective therapeutic lead in a model-dependent strategy, the interactions of the compounds with all biomolecules, cells, and tissues (i.e., systems biology) are not taken into account, and such non-systems biology approaches may be leading to the existing dried-up drug development pipelines [53].




5. Conclusions


In a summary, we may infer that the Nigella sativa seeds are involved in a variety of health-promoting mechanisms that may reduce the severity of many diseases, as well as its phytoconstituents, may interact with spike proteins of COVID-19. Besides, the main cause of death among COVID-19 patients is acute respiratory distress syndrome, linked with a storm of pro-inflammatory cytokines. The in silico molecular docking analysis proves the binding interactions between bioactive compounds of N. sativa seed extract with SARS-CoV-2 spike glycoprotein. Given the in vitro anti-inflammatory and antioxidant effects of N. sativa seed extract as well as the protective effects on glycation and AGEs formation, this herb may be useful in the treatment and management of COVID-19 and its complications in diabetics. Clinical trials, on the other hand, are necessary to back up its efficacy under in vivo conditions. If verified on experimental models by in vivo investigations, various phytoconstituents used in this study might be utilized to treat COVID-19 and might act as a path for the development of more potent natural antivirals against COVID-19 in the future. Further, in vitro experiments; molecular simulations are required to validate these in silico results. The limitations like interactions of the compounds with all biomolecules, cells, and tissues (i.e., systems biology) are further needed to be adjusted before selecting Nigella as a prospective therapeutic lead.
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Figure 1. H2O2 reducing potential of N. sativa seed extract. Ascorbic acid (AA) was used as the positive control. The results are presented as means ± SEM (n = 3). The statistical analysis was performed by using ANOVA (* p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001). 
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Figure 2. DPPH scavenging activity (%) of N. sativa seed methanolic extract. Ascorbic acid (AA) was used as the positive control. The results are presented as means ± SEM (n = 3. The statistical analysis was performed by using ANOVA (* p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001). 
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Figure 3. Effect of N. sativa seed extract on heat induced hemolysis. Aspirin was used as the positive control. The results are presented as means ± SEM (n = 3, p < 0.05). The statistical analysis was performed by using ANOVA (** p ≤ 0.01, *** p ≤ 0.001). 
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Figure 4. Effect of N. sativa seed extract on hyposaline-induced hemolysis diclofenac sodium was used as the positive control. The results are presented as means ± SEM (n = 3. The statistical analysis was performed by using ANOVA (* p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001). 
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Figure 5. Inhibition of browning of glycated BSA by N. sativa seed extract: Native BSA incubated alone for 15 days. G-BSA: BSA incubated with glucose for 15 days and considered as negative control. The results are presented as means ± SEM (n = 3). The statistical analysis was performed by using ANOVA (* p ≤ 0.05, ** p ≤ 0.01). 
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Figure 6. Effect of N. sativa seed extract on aggregation index. N-BSA: Native BSA incubated alone for 15 days. G-BSA: BSA incubated with glucose for 15 days and considered as negative control. The results are presented as means ± SEM (n = 3). The statistical analysis was performed by using ANOVA (* p ≤ 0.05, ** p ≤ 0.01). 
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Figure 7. Effect of N. sativa seed extract on AGEs formation. N-BSA: Native BSA incubated alone for 15 days. G-BSA: BSA incubated with glucose for 15 days and considered as negative control. The results are presented as means ± SEM (n = 3, (* p ≤ 0.01, ** p <0.05). 
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Figure 8. The molecular docking studies of Spike protein S (6VXX) with active constituents of N. sativa extract with ligands (1) Pentadecanoic acid (A); (2) Octadecadienoic acid (B); (3) (Z)6-Pentadecen-1-ol (C); (4) 9,12-Octadecadien-1-ol (D), and (5) Dioctyl phthalate (E). The Ramachandran plots of respective interactions are provided with each ligand-protein interaction (a–e). 
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Table 1. Details of molecular docking study; the ligands, binding energy, and interacting amino acids interacting with protein.






Table 1. Details of molecular docking study; the ligands, binding energy, and interacting amino acids interacting with protein.





	
Ligands

	
PubChem

CID

	
Spike Protein S (6VXX)




	
Binding Energy (kcal/mol)

	
Interacting Amino Acids






	
Pentadecanoic acid

	
13849

	
−3.4

	
Asp467, Thr108, Thr114, Ile468, Asn234, Gln155, Glu465, Arg466, Gly232, Ile233




	
Octadecadienoic acid

	
5312457

	
−3.9

	
The108, Ile233, Asn234, Gly232, Glu465, Arg466, Thr114, Asp467, Ile468, Gln115, Lys113




	
(Z)6-Pentadecen-1-ol

	
5365626

	
−3.7

	
Ile468, Arg466, Gln115, Gly232, Ile233, Gle465, Lys462, Thr114, Thr108, Asn234, Ile235




	
9,12-Octadecadien-1-ol

	
5462912

	
−3.6

	
Ile468, Arg466, Gln115, Gly232, Ile233, Thr114, Thr108, Asn234, Ile233, Asp467, Glu465, Gly107




	
Dioctyl phthalate

	
8346

	
−4.2

	
Asp467, Glu465, Ile233, Gly232, Arg466, Asn234, Thr114, Thr109, Thr108, Gln115, Ile468, Lys113
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