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Abstract
Nigella sativa (Family Ranunculaceae) is a commonly used medicinal herb all over the world. It is widely used in traditional medical systems such as Unani and Tibb, Ayurveda, and Siddha. Seeds and oil have a long history of folkloric use in numerous medicinal and culinary systems.

The seeds of N. sativa have long been used to cure a variety of illnesses and disorders. It is regarded as one of the most powerful types of healing medicine in Islamic literature. It is suggested that you use it on a regular basis at Tibb-e-Nabwi (Prophetic Medicine). Antihypertensive, liver tonics, diuretics, digestive, anti-diarrheal, appetite stimulant, analgesics, anti-bacterial, and in skin problems, it has been widely utilized. 

Various researchers have conducted extensive research on N. sativa, and a wide range of its pharmacological actions have been investigated, including antidiabetic, anticancer, immunomodulator, analgesic, antimicrobial, anti-inflammatory, spasmolytic, bronchodilator, hepato-protective, renal protective, gastro-protective, antioxidant properties, and so on. N. sativa has risen to the top of the list of evidence-based herbal medications due to its amazing healing capacity. This also reveals that the presence of thymoquinone, a significant bioactive component of the essential oil, is responsible for the majority of the plant's medicinal benefits. The purpose of this study is to offer a comprehensive overview of the literature on scientific studies of the pharmacognostical properties, chemical makeup, and pharmacological activity of this plant's seeds especially the prophylactic and therapeutic efficacies.
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Introduction
Nigella sativa (NS) stands out as one of the most promising medicinal plants known to man. NS, also called as black cumin, has been used in herbal medicine in several different parts of the world to prevent and treat some diseases and as a supplement to maintain good health (Salem, 2005; Butt & Sultan, 2010). Arabic name: Habbatul-Barakah (meaning “the seeds of blessing”); Hindi: kala zira; Italian: nigella; French: nigelle, cumin noir; German: Schwarz kummel; Spanish: neguilla, pasionara; Turkish: kolonji. N. sativa is native to the region between the Mediterranean and West Asia as far as northern India and has long been domesticated. Nigella sativa can still be found in the wild in parts of India and has been used as a condiment since ancient times. India is the largest producer and exporter of NS with Bangladesh, Nepal, Sri Lanka, Iraq, and Pakistan as other producing countries (Charles, 2012). Nigella is an erect, herbaceous annual herb reaching up to 60 cm (1.5 ft) in height, with a well-developed yellow-brown taproot. The stem itself is profusely branched, becoming hollow with age, and varies from light to dark green. The leaves are feathery and normally green however they turn brown or red with age. The flowers are pale green when young and light blue when mature. The fruit is a capsule and normally yellow or brown when mature. The seeds are small, pitted and wrinkled, with an oily white interior (Tesarova et al., 2011).
Active Constituents: Moisture 4%, protein 22%, fat 41%, fiber 8%, carbohydrate 17%, ash 4.5%, essential oil 0.5%. Other compounds include alkaloids (nigellicines and nigeledine), sterols, tannins, vitamins, glucosides. Major constituents of the essential oil are p-cymene, thymoquinone (TQ), α-pinene, ß-pinene, and others. The major quinines are thymoquinone, dithymoquinone (DTQ), and thymohydroquinone (Tesarova et al., 2011). Some other noteworthy constituents are thymol, carvacrol, nigellimine-N-oxide, nigellicine, nigellidine, and alpha-hederin (Randhawa & Alghamdi, 2011).
Thymoquinone (TQ) It has been previously reported that thymoquinone (TQ) (2-isopropyl-5-methylbenzo-1, 4- quinone) can protect animals against the induction of carcinogenesis and chemical toxins (Woo et l., 2012). TQ is the main component of the volatile oil from NS seeds, and previous literature has reported that pretreatment with TQ could protect organs from oxidative damage caused by free radicals, including cisplatin (which causes nephropathy) (Badary et al., 1997), carbon tetrachloride-induced hepatotoxicity (Nagi et al., 1999), and doxorubicin (which induces cardiotoxicity) (Nagi & Mansour, 2000).Intend all paragraphs precedes the first paragraph after a heading or subheading using the tab button. All text can be typed in Times New Roman, font 12 size with justified alignment except the title, author names, affiliations, and corresponding author details.
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Fig (1). TQ targets different sites in inflammatory diseases and cancer (Woo et al., 2012)

Pharmacognostical studies on seeds 
Macroscopical and Microscopical characteristics: Nigella sativa seeds are small dicotyledonous, trigonus, angular, regulose tubercular, 2-3.5×1- 2 mm, black externally and white inside. They have a slightly aromatic odour and bitter taste (Paarakh, 2010). A single layered epidermis in transverse section of this seed shows a consisting of thick-walled cells, elliptical and externally covered by a papillose cuticle and filled with dark brown contents. Two to four layers of thick walled are tangentially elongated after epidermis, parenchymatous cells, followed by a thickly walled consist of reddish-brown pigmented layer, rectangular, elongated cells. Below the pigment layer is a layer composed of thick walled, rectangular, elongated or nearly columnar, elongated cells. The endosperm consists of thin walled, rectangular, or polygonal cells mostly filled with oil globules. The powder microscopy of the seed powder shows brownish black, parenchymatous cells, and oil globules (Mitra, 1985).
Pharmacological functions of NS in the prevention and treatment of pathological conditions: The chemical composition of the NS seed is multitudinous, and a diverse range of active chemical components have been isolated from it. The active principle components include thymoquinone (TQ), thy-mohydroquinone, dithymoquinone (nigellone), thymol, carvacrol, nigellicine, nigellidine and α-hedrin (Randhawa & Al-Ghamdi, 2002). Despite the great number of active components, most of the known properties of NS has been referred to the presence of TQ. Thymoquinone is the most bioactive component of the NS seed and its volatile oil (18.4–24%) (Ali & Blunden, 2003). It was first extracted by El--Dakhakhny, using thin layer chromatography on silica gel in 1963. The ideological belief has undoubtedly improved the popularity of NS that its seed may be the cure to a multitude of different pathological events. The detailed pharmacological properties of NS are given below (Paarakh, 2010).
A pro-oxidant-antioxidant imbalance: An important constituent of energy production within cells is the availability of molecular oxygen (O2) as the final electron acceptor in electron transport transfer processes within mitochondria. The electron transport chain is coupled to the oxidative phosphorylation process, which is finally converted to the high-energy phosphate bond of ATP or adenosine triphosphate (Novo & Parola, 2012). The reactive oxygen species (ROS), or free radicals, can be divided into two groups: nonorganic and organic molecules. Nonorganic molecules include the superoxide radical anion (O2), hydrogen peroxide (H2O2) and hydroxyl radicals (HO). Organic molecules include alkoxyl and peroxyl radicals which are continuously produced within cells as a result of the normal metabolism of oxygen. Reactive nitrogen species, such as NO, can react with the superoxide anion to form a peroxynitrite which has been found to play a major role in lipid peroxidation and cell damage. The roles of these end products are not yet fully understood however some authors have reported that they may have an important part to play in cell signalling and homoeostasis (Devasagayam et al., 2004). Antioxidants such as superoxide dismutase, catalase and G-Px, on the other hand, are defined as substances that are able to mask the chemical reaction that transfers electrons or hydrogen to an oxidizing agent by the inhibiting the oxidative processes (Halliwell, 1994). As a consequence of this inhibiting effect, the production of ROS too will be inhibited, and free radical intermediates will be removed (Devasagayam et al., 2004). There are, however, some effective antioxidants that uphold normal permeability and cellular composition such as vitamin E and ubiquinol (Gutteridge & Halliwell, 1994; Morrissey & Sheehy, 1999). The antioxidant system includes both enzymatic and non-enzymatic antioxidants. In addition to glutathione, an antioxidant that is found in the glutathione system, glutathione peroxidase, glutathione reductase and glutathione-S-transferase also contribute to the system as enzymatic antioxidants. A brief account of the actions of the different types of antioxidants can be found in (Halliwell, 1994). One of the reasons that lead to significant damage to the cell and can even lead to its death was dramatical increases in ROS levels. This is a process known as oxidative stress which can occur as a consequence of an alteration to the equilibrium of the production of ROS and antioxidative processes, in favour of an overproduction of ROS. Excessive oxidative stress, and/or an inadequate antioxidant defence, can occur as a direct result of a pro-oxidant-antioxidant imbalance and can lead to consequential damage to lipids, carbohydrates, proteins, and DNA. It is therefore essential to maintain a balance between the oxidant and antioxidant systems which are vital to normal cell function and survival. The damage caused by excess ROS is serious and includes lipid peroxidation, protein modification, and DNA strand breaks, there are thus several mechanisms in the body that exist to remove and prevent the generation of these free radicals (Sies, 1991). One such mechanism is the removal of superoxide and H2O2 that thereby prevents the generation of hydroxyl radicals, one of the most reactive species within the ROS family, which are formed by the Haber-Weiss-Reaction or during the iron-catalyzed Fenton Reaction (Winterbourn, 1995; Wardman & Candeias, 1996).
Antioxidant effects: Oxidation is an essential process to nearly all cells in the body as a means to provide energy for crucial functions. As mentioned above, uncontrolled oxidation results in the production of free radicals like ROS and NOS that consequently override the antioxidant capability of the target cells resulting in oxidative stress (Opara, 2004; Vina et al., 2006). Oxidative stress results in damage to macromolecules, especially DNA, promotes the production of mutated tumor-suppressor genes, and can even induce cell death (Farah, 2005). Free radicals have been implicated in facilitating various pathological processes such as cancer, ischemia, inflammatory diseases, diabetes, and atherosclerosis (Vina et al., 2006; Wilson & Demmig-Adams, 2007). The intake of antioxidant vitamins and trace elements can be useful in protecting the body against these physiological threats (Ji & Peterson, 2004; Berger, 2005). There is an autocatalytic mechanism that leads to damage of the cell membrane and then cells death and degenerative disorders caused by lipid peroxidation which considers the unfortunate consequence of free radicals producing in the body (El-Missiry & El Gindy, 2000; Türkdo\ugan et al., 2001). Houghton et al. (1995) were able to provide some evidence showing that NS inhibits the lipid peroxidation of biological membranes and thereby prevents lipid peroxidation induced liver damage (Meral et al., 2001). Lipid peroxidation and H2O2 produce several adverse effects in erythrocytes which result in cell degradation including loss of deformability and an increased osmotic fragility. Burits & Bucar (2000) found that pre
incubation of erythrocytes with NS seeds protects them from damage caused by lipid peroxidation. Furthermore, Houghton et al. (1995) reported that the fixed oil of NS inhibited eicosanoid generation in leukocytes. They attributed this antioxidant effect to TQ and an unusual fatty acid: dihomolinolenic acid, C20:2. A separate study found that NS seeds at a dose of 0.2 g/rat/day protect against ethylnitrosourea (MNU)-induced oxidative stress by 80% (Mabrouk et al., 2002; Butt & Sultan, 2010; Hasan et al., 2018).
Another important study on rats showed the beneficial role of pretreatment administration of TQ in reducing the altered biochemical variables revealing oxidative stress in erythrocytes caused by 1,2-dimethylhydrazine (Harzallah et al., 2012). Oral administration of TQ showed an increase in the protection of various organs against oxidative damage induced by free radical-generating agents such as carbon tetrachloride-evoked hepatotoxicity (Nagi et al., 1999). Another study based on rats showed that TQ supplementation counteracted the sodium fluoride (NaF) induced hepatotoxicity. Again, this was most likely due to TQ’s strong antioxidant activity (Abdel-Wahab, 2013). It has been shown that NS seeds inhibit non
enzymatic lipid peroxidation in liposomes and are able to prevent the CCl4-induced disturbances of anaemia and the body’s defence mechanism in rats (Mastour S Al-Ghamdi, 2003). The authors of the study concluded that CCl-4 induced hepatotoxicity and the protective effects of NS, and in particular, its active ingredient TQ may be due to its ability to inhibit lipid peroxidation (Al-Gharably et al., 1997; Hasan, 2020). Kanter (2008) further strengthened this theory by showing that NS seed oil improved the antioxidant defence system in CCl-4 treated rats. Türkdo\ugan et al. (2001) also observed the significant hepatoprotective effect of NS seeds in CCl4- administrated rabbits. In another study, NS seeds produced a protective effect against oxidative damage in isolated rat hepatocytes (Daba & Abdel-Rahman, 1998). As previously said, it is well known that TQ, carvacrol, t-anethole, and 4-terpineol, components of NS, have been attributed to the antioxidant effects associated with NS (Burits & Bucar, 2000). TQ and tertbutyl hydroquinone (TBHQ) in particular exhibit strong antioxidant potential that can suppress the expression of the inducible isoform of NO synthase enzyme. These two components can even suppress nitric oxide (NO) production from lipopolysaccharide (LPS)-induced peritoneal macrophages in normal rats (El
Mahmoudy et al., 2002). Badary et al. (2003) further discovered that TQ is more effective than TBHQ as a superoxide anion scavenger with an inhibitory concentration (IC50) of 3.35 microM compared to only 18.1 microM for TBHQ. The role of enzymes and electrolytes in the amelioration of oxidative stress are crucial. Free radical production, if unchecked, can decrease the activity of enzymes that can then pose as risk factors in the pathogenesis of various diseases. The crude extracts of black cumin (and some of its active constituents such as its volatile oil and TQ) have pharmacological actions that have been reported include protection against nephrotoxicity and hepatotoxicity induced by either disease or chemicals. Nigella saliva produced a hepatoprotective effect in some models of liver toxicity (Ali & Blunden, 2003; Ali, 2004; Uz et al., 2008). Administration of NS oil (NSO) succeeded in partially correcting the previous changes in L-alanine aminotransferase (ALT), gamma-glutamyl transferase (GGT), alkaline phosphatase (ALP), and albumin levels in serum (Mahmoud et al., 2002). Nigella sativa has been found even to suppress KBrO3 mediated renal oxidative stress toxicity and tumour promotion response in rats (Khan et al., 2003).
Anti-inflammatory effects
Inflammatory mediators: Progression and persistence of the acute or chronic state of inflammation are governed by a number of mediators including eicosanoids, oxidants, cytokine, and lytic enzymes secreted by the inflammatory cell’s macrophages and neutrophils (Lefkowitz et al., 1999). Inflammation is mediated by two main enzymes: cyclooxygenase (COX) and lipoxygenase (LO) (Williams et al., 1999). COX arises from arachidonic acid prostaglandins (PGE) and thromboxane (Ryn et al., 2000), while LO catalysis the formation of leukotrienes (LT). Both LT and PGE function as the main mediators of inflammation and allergies. There are various synthetic drugs currently in use to treat inflammation, but treatment based on synthetic drugs show adverse side effects due to their capacity to alter various biological activities. A previous study (Nagi & Mansour, 2000) reported that TQ has cytoprotective effects that are largely accredited to its antioxidant and anti-inflammatory activities. In an important study on the shoots of NS, \ the methanol extract of NS seeds were studied in regard to their inflammatory activities. It was found that the hexane fraction of the methanol extract of NS seeds had significant anti-inflammatory activity, inhibiting nitric oxide release while the methanol extract of the NS shoots showed only moderate anti-inflammatory activity (Bourgou et al., 2012). Earlier studies have shown that NS inhibited carrageenan-induced paw oedema in a dose-dependent manner (Al-Ghamdi, 2001) and the oral treatment of NS also showed a reduction of formalin-induced paw oedema (Mohammed & Yaro, 2005). A study based on a mouse model regarding allergic airway inflammation showed that TQ possesses an inhibitory effect on cyclooxygenase-1 (COX-1) expression, prostaglandin E2 (PGE2) production and that TQ has an anti-inflammatory effect during the allergic response via the inhibition of PGD2 synthesis and Th2-driven immune response (El Mezayen et al., 2006). The anti-inflammatory effects of TQ on arthritis were studied based on rat models, where TQ was confirmed to clinically and radiologically, suppress adjuvant-induced arthritis in rats (Tekeoglu et al., 2007). Many investigations have been carried out in recent years on the pharmacological effects of NS seeds with particular attention paid to its anti-inflammatory effects (Tekeoglu et al., 2007). Although it is an integral part of the immune system, inflammation can sometimes become a causative agent for the occurrence and progression of some diseases (Butt & Sultan, 2010). El-Kadi & Kandil, (1986) investigated the effects of NS on the immune system and found that the administration of 1 g of NS seeds in human volunteers twice a day enhanced immune functions as manifested by an improved helper T-cell (T4) to suppressor T-cell (T8) ratio and an improved natural killer cell activity. In the last half century, in numerous immune-modulating nutrients have been discovered (Dijsselbloem et al., 2004). Leukotrienes are important mediators in asthma and inflammatory processes while cytokines can enhance immunogenicity and promote tumour regression. Nigella sativa enhances the production of interleukin-3 by human lymphocytes and increases interleukin-1 beta (IL-1β) levels suggesting that it has a stimulatory effect on macrophages (Haq et al., 1995). Studies have proven that NS has a cytoprotective effect on human T-cells and an antioxidant effect on the cardiovascular tissue (El-Kadi et al., 1987; El Tahir et al., 1993). Nitric oxide (NO) is an important effector molecule in both physiological conditions and disease states characterised by inflammation. Nigella sativa extracts caused a decrease in NO production by murine macrophages justifying its use in traditional medicine for the treatment of rheumatism (Mahmood et al., 2003). Thymoquinone at a dose of 2.5 to 5.0 mg/kg successfully suppressed adjuvant-induced arthritis in rats, inhibited the formation of leukotrienes (LTs) in human blood cells, and exerted an inhibitory effect on 5-lipoxygenase and LTC4 synthase activity (Mahmood et al., 2003). Thymoquinone challenges inhibited 5–lipoxygenase, and significantly reduces the levels of LTB4 and LTC4 through its antioxidative action (Mansour & Tornhamre, 2004; Tekeoglu et al., 2007). The inhibition of lipoxygenase and cyclooxygenases attenuates the production of leukotrienes (potent pro-inflammatory mediators) (Marsik et al., 2005) which may explain the mechanisms of TQ's anti-inflammatory activities partially. In one study, the volatile oil of NS produced a significant analgesic effect in acetic acid-induced writhing, formalin, and light tail flick tests (Butt & Sultan, 2010). The results emerging from such studies would substantially improve the immunotherapeutic application of NS and TQ in clinical settings.
Effect of thymoquinone on inflammatory cytokines/growth mediators: Inflammatory cytokines and mediators are key components in inflammatory processes (Germano et al., 2008). The inhibition of these targets is therefore employed to prevent inflammation and reduce its damage. El Gazzar et al. (2006) reported the inhibition of LPS
induced IL-5 and IL-13 production in RBL 2H3 cells by TQ suggesting the potential of NS in suppressing proinflammatory cytokines. Thymoquinone was also found to inhibit cyclooxygenase-2 protein expression and prostaglandin E2 production in HPAC pancreatic cancer cells (Banerjee et al., 2009). Also, TQ was shown to have a beneficial effect in airway inflammation through the modulation of cytokines and growth mediators. The use of TQ in a mouse model regarding allergic airway inflammation found that it could attenuate the resulting airway inflammation, possibly by reducing prostaglandin D2 production through the suppression of the protein expression of cyclooxygenase-2 (El Mezayen et al., 2006). In a separate study, TQ was shown to attenuate allergic airway inflammation in a mouse model by reducing Th1 cytokines such as IL-4, IL-5 and IL-13, as well as inhibiting eosinophil infiltration in the airways (El Gazzar et al., 2006). Additionally, TQ was found to inhibit 5- lipoxygenase and leukotriene C4 synthase in human blood cells, suggesting its promising effect in inflammatory processes such as asthma (Mansour & Tornhamre, 2004). Furthermore, TQ might have the ability to improve rheumatoid arthritis by abolishing LPS-induced IL-1b, TNF-a, MMP-13, COX-2 and prostaglandin E2 (Vaillancourt et al., 2011). This was supported by a previous study showing that TQ could attenuate adjuvant-induced arthritis in rats by reducing TNF-a and IL-1b levels (Tekeoglu et al., 2007). Collectively, these results support the view that TQ can be used to inhibit inflammatory cytokines and growth mediators in the prevention and treatment of inflammation.
Antihypertensive (HT) and blood effects: Hypertension (HT) is a major health problem worldwide and is involved in the pathogenesis of various diseases. Alternative medicines have long been used in the management of HT and its associated complications (Rahmani & Aly, 2015). An earlier study by El Tahir et al. (1993a) investigated the actions of the volatile oil of NS and TQ on the arterial blood pressure and heart of anaesthetized rats. Both agents, when injected intravenously, dose-dependently decreased arterial blood pressure and heart rate. The authors concluded that the cardiovascular actions of these agents were multifactorial and were most likely mediated centrally via direct and indirect mechanisms involving tryptaminergic, cholinergic and possibly even other mechanisms. In conclusion, the oil was recommended for use as a centrally acting antihypertensive drug, which supports the use of the oil in traditional medicine (Ali & Blunden, 2003). An important study found that the daily administration of NS seed extract (NSE) for 2 months may lower the blood pressure in patients with mild HT (Dehkordi & Kamkhah, 2008) while a separate study explored the potential of NS in the management of HT and oxidative stress (Leong et al., 2013). In a study into its use as a treatment for hypertension, NS was found to decrease arterial blood pressure by 22% in contrast to the calcium channel blocker, nifedipine, (0.5 mg/kg), which only decreased arterial blood pressure by 18% (El Tahir et al., 1993). The authors suggested that the diuretic action of NS might be, at least in part, responsible for its antihypertensive action. However, a different more central action has recently been suggested as the mechanism for the antihypertensive action (El Tahir et al., 1993). Zaoui et al. (2002) reported that the oral administration of the fixed oil of NS (1 mL/kg/ day/12 weeks) to rats decreased glucose level, triglyceride, cholesterol of serum, and platelet, leukocyte counts by about 15– 35%, compared to control values. The PCV and Hb values were significantly increased by 6 and 17%, respectively. These results indicate a possible application of the oil in the treatment of hyperglycaemia and hyperlipidemia, and almost certainly as an adjunct to the treatment of certain types of anaemia (Ali & Blunden, 2003; Leong et al., 2013).
Anti-diabetic effects: Diabetes mellitus is now the seventh leading cause of death in the United States and one of the most common non-communicable diseases. Drug therapy leads to many complications and the effectiveness of manufactured drugs decrease after the third month (Surayia et al., 2008). Nigella sativa has been studied as one of the many medicinal plants that may be able to play a positive role in the management of diabetes (Mansi, 2005). Various hypotheses have been proposed by different research groups to explain the mode of actions by which it may cure hyperglycaemia. Recently, Kanter (2008) observed that NS and TQ at a dose of 400 and 50 mg/kg body weight/day respectively, caused increased concentrations in the serum insulin and significant decreases in the elevated serum glucose in streptozotocin-induced diabetic rats (Kanter, 2008). One of the major proponents in maintaining proper blood glucose metabolism are enzymes (Vats et al., 2003). It is also known that long-term hyperglycemia can result in liver enzymes displaying decreased activity. A study found that a decrease of 26% in glutathione peroxidase (GSHPx) activity, 34% in catalase activity, 27% in glucose-6- phosphate dehydrogenase (G6PDH) activity, and 38% in glutathione S-transferase (GST) activity was found as a result of chronic hyperglycemia (Lapshina et al., 2006; Ugochukwu & Figgers, 2007). A consequence of decreased enzyme activity is oxidative stress (lipid peroxidation) that in turn may cause liver damage and even disturb the integrity of pancreatic beta cells (Kaleem et al., 2006). Nigella sativa treatments resulted in a marked elevation in the activities of liver enzymes (Butt & Sultan, 2010). Hyperketonemia is another complication that can arise as a consequence of diabetes (Al
Hader et al., 1993). The effect of NS on some of the complications of alloxan-induced diabetes in rabbits has been investigated by some researchers (Al-Hader et al., 1993; El
Zawahrawy & Al Zahraa, 1998; Meral et al., 2001). It was recently reported that the intraperitoneal administration of the volatile oil of NS seeds (50 mg/kg) was able to return the concentration of the fasting blood glucose to normal value and hyperglycaemic rabbits by about 15%–23%, 4–6 h post administration. Curiously, insulin concentration was unchanged by the treatments suggesting that the hypoglycaemic effect was mediated by an, as yet unknown, mechanism that does not involve insulin. An important study showed that 2 g/day dose managed to reduce insulin resistance while at the same time seemed to increase β-cell function (Bamosa et al., 2010). El-Zawahrawy & Fatma Al Zahraa (1998) found that administration of NS extract was highly effective in the pancreas by restoring the structural integrity in diabetic rats. Meral et al. (2001) investigated the effect of the NS extract on ceruloplasmin, glucose, glutathione, lipid peroxides as well as the histology of the pancreas and liver of diabetic rabbits, The results were remarkable, showing that after only two months of treatment glucose and lipid peroxide concentrations were significantly reduced. Glutathione and ceruloplasmin concentrations were also reduced and biochemical and histological signs indicated that liver damage had been ameliorated. It was postulated that the beneficial effect of NS in diabetes might be due its antioxidant property (see antioxidant actions above).
Anti-viral activity: Reynolds et al. (1993) reported that a herpes virus (Murine cytomegalo virus) causes a disseminated and fatal disease in immunodeficient animals. On the other hand, Moro et al. (1999) reported that similar to that caused by the human cytomegalovirus in immunodeficient humans. In vivo treatment with NS oil induced an outstanding anti-viral effect against MCMV infection (Mohamed Labib Salem & Hossain, 2000), indicating a promising therapeutic anti-viral potential of NS oil. Immunity generated against viral infections is controlled by both nonspecific cells, including NK cells and Mf, and specific cells, including CD4 and CD8 T cells (Salem & Hossain, 2000). Each cell population plays a central anti-viral role at different time points post infection with NK cells and Mf playing an important role during the early phase and at late stages T cells playing a vital role in the elimination of the virus (Su et al., 2001). Mediators produced by these cells, in particular, IFN-g, are seminal factors in the mediation of the antiviral response. Interestingly, it was discovered that the antiviral effect of the NS oil is associated with enhancing the response of CD4 and CD8 cells, and Mf (Salem & Hossain, 2000), by augmenting their ability to produce IFN-g, a process that is known to render mice more resistance to MCMV infection (Yamaguchi et al., 1988; Orange et al., 1995). It has been reported that viral infection can induce apoptosis leading to lymphocyte depletion in the host and that antioxidant agents can inhibit this virus-induced apoptosis as well as the viral replication in target cells (Peterhans, 1997; Salem, 2005). The antioxidant effect of the NS oil may represent one of the many possible mechanisms that contribute to its antiviral activity. Whatever the mode of action, it is undeniable that the anti-viral effect of NS against MCMV infection opens the prospect for a unique anti-viral remedy. It goes without saying that further studies are required to confirm this effect in other viral models, as well as to determine which active ingredients are responsible for the said anti-viral effects
Anti-fibrotic effects: Nigella sativa was found to attenuate liver fibrosis through hindering PI3K and down-regulating TLR4 signalling pathways in the activated rat hepatic stellate cell line, T-HSC/Cl-6. It induced apoptosis, reduced the expression of CD14 and TLR4, and suppressed the expression of collagen-I and PI3K, and Akt phosphorylation. Furthermore, TQ was successful in decreasing the levels of serum ALT and AST (Bai et al., 2013). Thymoquinone was found to attenuate thioacetamide-induced liver fibrosis and inflammation substantially. It down-regulated the expression of TLR4, inhibited PI3K phosphorylation, activated LKB1-AMPK signalling pathways, and decreased extracellular matrix accumulation (Bai et al., 2014). Solid lipid nanoparticles (SLNs) formulation of TQ inhibited paracetamol-induced liver cirrhosis and fibrosis (Singh et al., 2013). Pretreatment with TQ blocked the LPS-induced-inflammatory response in LX2, an immortalised human hepatic stellate cell line, as demonstrated by a reduced IL-6 and MCP-1mRNA expression (Bai et al., 2013). It also blocked the bleomycin-induced pulmonary fibrosis in rats by the attenuation of bleomycin-induced oxidative stress and through NF- ƘB inhibition (El-Khouly et al., 2012). These results suggest that TQ can reduce fibrosis and inflammation and may be a potential candidate for fibrosis therapy. However, the exact effects of TQ on fibrosis in organs including the liver, lungs, skeletal muscle, heart, and kidneys are still unclear and require further investigation.
Anticancer (Anti-carcinogenic and mutagenic) effects: Cancer has been reported to be the second most common cause of death in the United States after cardiovascular disorders. The immune system of human and animals play a vital role in inflammation, insurgency and cancer progression. (Noonan et al., 2007). It has been estimated that 30–40% of all kinds of cancer can be prevented with a healthy lifestyle and dietary measures. The effects of nutrition in the cancer process are evident with some dietary components resulting in cancer progression and some acting as chemopreventive agents (Divisi et al., 2006). Disposing of cancer cells in the least harmful way is one of the main considerations of chemotherapy. Necrosis or “accidental” cell death, and apoptosis or “programmed” cell death are considered the main two mechanisms for Cell death. A variety of pharmacological and physiological agents can trigger the cascade of events that lead to apoptosis (Chan et al., 2003). Unfortunately, multi-drug resistance poses a serious limitation to chemotherapy and in some cases leads to failure of cancer treatment (Setzer & Setzer, 2003). Anticancer activities have been reported in several naturally occurring compounds (Thabrew et al., 2005) and it is to these that we turn our attention. In general, chemopreventive agents can be divided into two groups: antimutagenic and antiproliferative, based on the mechanism through which they exert their anticancer effects (Steele, 2003). Anti-mutagens reduce the formation of mutagens or carcinogens thereby preventing DNA damage. Chemopreventive agents can exert their antiproliferative effects in a variety of ways including the induction of cell cycle arrest or apoptosis, inhibition of angiogenesis, induction of terminal differentiation, and inhibition of oncogene activity or DNA synthesis (Manson, 2003). Nigella sativa has been shown in a number of studies to possess chemo-preventive potential. Its components are effective in mediating both inflammation and cancerous cell growth simultaneously. Several studies have investigated the possible anti-tumour activity of both the crude and purified components of NS. For example, Salomi et al. (1992) reported that NS methanol extract exhibited a strong cytotoxic activity against Dalton’s ascites lymphoma, Erlich ascites carcinoma, and sarcoma 180 cells while exerting a minimal cytotoxic effect to normal lymphocytes. The same authors showed that the reducing Erlich ascites carcinoma growth in mice after receiving that extract at dose (2 mg/mouse per day) for ten consecutive days as a cytotoxic activity of NS seeds. In a separate study it was established that exposure to the volatile oil of NS altered the cellular expression of specific polypeptides in Jukart T lymphoma cells, suggesting that changes in polypeptide expression might play a role in the biological activities attributed to NS (Hailat et al., 1995). A component of NS, α-hederin, has also shown some significant effects in mitigating cancerous cell growth (Ali & Blunden, 2003). Induction of apoptosis by the tumor necrosis factor and other chemotherapeutic agents can lead to reduced quantities of the nuclear factor kappa B (NF-kappa B). Sayed (2008) observed that TQ decreased NF-kappa B activation in a dose
dependent manner with a maximum inhibitory effect at a concentration of 500 nM. The effectiveness of NS and its components have been reported against colon and breast cancer but the research into the anti-cancer potential of NS is still inconclusive and requires thorough investigation before NS and its components can be recommended as chemopreventive agents. Colon cancer is one of the leading causes of cancer morbidity and mortality worldwide (Parkin et al., 1999) and the surgical success rate is less than 40% (Seven et al., 1999; Bond, 2001). Colon cancer incidence is inversely related to serum α-tocopherol levels (Stone & Papas, 1997). The delivery of natural agents may offer a safe alternative to colon cancer treatment with and TQ garnering specific attention. This is because TQ causes cellular destruction and interference of cellular metabolic functions of SW-626 human colon cancer cells. It has chemotherapeutic effects comparable with that of 5-fluorouracil (5–FU) as evidenced by a reduced number of cancerous cells (Norwood et al., 2005). A study by Gali-Muhtasib et al. (2004) also supported the use of TQ for the treatment of colon cancer. The volatile oil of NS was found to inhibit colon carcinogenesis of rats in the post-initiation stage and that inhibition may be associated, in part, with the suppression of cell proliferation in the colonic mucosa (Salim & Fukushima, 2003). Thymoquinone and α-Hederin, possess both cytotoxic and apoptotic/necrotic effects in the HT-29 (colon adenocarcinoma) cancer cell line (Rooney & Ryan, 2005a). Supplementation of NS seeds into the diet of rats with methyl nitrosourea-induced mammary cancer was reported to protect against oxidative stress, inflammatory response, and carcinogenesis (Mabrouk et al., 2002). Nigella sativa was found to be effective in vitro in influencing the survival of MCF–7 breast cancer cells, unveiling promising potential in the field of cancer chemoprevention (Farah, 2005). The administration of NS and its component melatonin was found to reduce the carcinogenic effects of 7, 12 dimethyl benzo (a) anthracene (DMBA), suggesting a protective role against breast cancer (El-Aziz et al., 2005). The effects of melatonin and NS may be due to their ability to act as antioxidants (Tan et al., 2002; Mahmood et al., 2003; Hussein et al., 2005). A separate study found that TQ successfully protected mice against benzo(a)pyrene (B(a)P)-induced forestomach carcinogenesis and a daily intake of TQ significantly reduced the frequency of chromosomal aberrations and damaged cells (Badary et al., 2007). Recent in vivo studies have shown that tumour development in mice skin could also be inhibited by TQ (Salomi et al., 1992; Kumara & Huat, 2001). Angiogenesis is an important step in the growth of cancerous cells and more recently, TQ reportedly blocked angiogenesis in vitro and in vivo and prevented tumour angiogenesis in a xenograft human prostate cancer (PC3) model in mice (Yi et al., 2008). Almost as importantly, they also provided evidence that treatment with TQ did not produce side effects. Like TQ, α-hederin possesses anti-tumor activity against cultured B16 melanoma cells (Danloy et al., 1994). The in vivo anti-tumor activity of α-hederin against LL/2 (Lewis lung carcinoma) in BDF1 mice (Kumara & Huat, 2001) increased apoptosis in murine leukemia P388 cells (Swamy & Tan, 2000). α-hederin rapidly increased the production of ROS and inhibited DNA, RNA, and protein synthesis (Baker & Hagner, 1990; Huat & Swamy, 2003). Gachou et al. (1999) reported that α-hederin exerted a protective effect against human hepatocellular carcinoma (HepG2) cells. Butt & Sultan, (2010) reported the LC (50) values for NS volatile oil and they were in the range of 155.02+/– 10.4, 185.77 +/– 2.9, 120.40 +/– 20.5, 384.53 +/– 12.1, and 286.83 +/– 23.3 micro g/ml respectively against the SCL, SCL–6, SCL– 37_6, NUGC–4 cancer lines and 3T6 fibroblast line. Shoieb et al. (2003) conducted an in vitro trial to check the inhibitory effect of TQ on growth and induction of apoptosis in cancer cell lines. He suggested an antiproliferative mode of action for TQ as it produces cell cycle arrest. Like TQ, α–hederin also has an antiproliferative mode of action but most likely does so via different mechanisms as it produces some cytotoxic effects and brings apoptosis to combat cancerous cell growth. It also has the ability to produce ROS and to inhibit DNA and RNA synthesis. In summary, the anticancer and anti-inflammatory activities of NS and TQ may be mediated in part through the suppression of the NF-kappa B activation pathway (Sethi et al., 2008). Nigella sativa volatile oil containing TQ, and other antioxidants could also be considered as a potential immunosuppressive cytotoxic agent (Huat & Swamy, 2003; Salim & Fukushima, 2003; Ramadan, 2007). Nigella sativa and its bioactive components such as TQ and α-hederin, require further research before being considered chemopreventive.
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Fig (2): Nigella sativa shows a vital effect in the prevention of cancer through upregulation of tumor suppressor gene and inhibition of VEGF, Akt/PI3K pathways.
El-Mahdy et al. (2005) reported that TQ exhibits anti-proliferative effect in human myeloblastic leukemia HL-60 cells. In one study, aqueous and alcohol extracts of NS were found to be effective in vitro in inactivating MCF-7 breast cancer cells (Farah & Begum, 2003). Nigella sativa, in combination with melatonin and retinoic acid reduced the carcinogenic effects of DMBA (7, 12-di-methylbenz(a)anthracene) in mammary carcinoma of rats (Effenberger et al., 2010). The cytotoxic activity of NS seed was tested on the human hepatoma HepG2 cell line by Thabrew et al. (2005), and an 88% inhibitory effect on HepG2 was found after a 24-hr incubation with different concentrations (0-50 mg/ml) of the NS extract. Nagi & Almakki, (2009) reported that the oral administration of TQ is effective in increasing the activities of quinone reductase and glutathione transferase and makes TQ a promising prophylactic agent against chemical carcinogenesis and toxicity in hepatic cancer. Mabrouk et al. (2002) showed that supplementing the diet with honey and NS had a protective effect against MNU (methylnitrosourea)-induced oxidative stress, inflammatory response and carcinogenesis in the lungs, skin, and colon. In contrast to this, Rooney & Ryan, (2005b) reported that α-hederin and TQ enhanced neither cytotoxicity nor apoptosis in A549 (lung carcinoma) and HEp-2 (larynx epidermoid carcinoma) cells. Moreover, it was found that TQ delayed the onset of MCA-induced fibrosarcoma tumours. In vitro studies showed that TQ inhibited the survival of fibrosarcoma cells with IC50 of 15 mM (Badary & Gamal, 2001). The oil of NS also decreased the fibrinolytic potential of the human fibrosarcoma cell line (HT1080) in vitro (Awad, 2005). Khan & Sultana, (2005) reported the chemopreventive effect of NS against ferric nitrilotriacetate (Fe-NTA)-induced renal oxidative stress, hyper-proliferative response, and renal carcinogenesis. The treatment of rats orally with NS (50 - 100 mg/kg body wt) resulted in a significant decrease in H2O2 generation, DNA synthesis and in the incidence of tumours. Shafi et al. (2009) reported that methanol, n-Hexane and chloroform extracts of NS effectively killed HeLa (human epithelial cervical cancer) cells by inducing apoptosis.
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Fig (3): Possible mechanisms of thymoquinone (TQ) action. (1) TQ induces apoptotic cell death in cancerous tissues by upregulating expression of apoptotic genes (caspases and bax) and down-regulating expression of anti-apoptotic genes (e.g., bcl 2); (2) TQ suppresses Akt activation by dephosphorylation and thus blocks cancer cell survival; (3) TQ deactivates NFkappa B pathway by inducing cytokine production, and thus controls oncogenic expression; (4) TQ increases the activities of antioxidant enzymes and protects cell against cancer; (5) TQ protects normal cells’ injury caused by ionizing radiation in the treatment of cancer; (6) TQ prevents CYP450 enzymes from damage. ‘+’ indicates increasing effect and ‘-’ indicates decreasing effect.

Conclusions and future viewpoints: Scientific interest in medicinal plants has flourished due in part to the increased efficiency of new plant-derived drugs, a growing interest in natural products, and a rise in concerns regarding the side effects of conventional medicines. Before being considered for clinical trials in humans, however, the active ingredients of any medicinal plant should be identified, and it is essential that they show tolerable levels of toxicity in a range of animal models. There are currently at least 120 distinct chemical substances derived from plants that are being used around the world. More than 150 studies conducted since 1959 have confirmed the pharmacological effectiveness of NS seed constituents. Nigella sativa seeds are complex consisting of more than 100 compounds, some of which have not yet been identified or studied. A combination of fatty acids, volatile oils and trace elements all contribute to its effectiveness. The literature published thus far has indicated the potential therapeutic and immunomodulatory potentials of NS seed’s various active ingredients, and in particular, TQ. The therapeutic efficacy of TQ is linked to its antitoxic, anti-histaminic and anti-inflammatory properties. These effects along with its immunomodulatory properties can explain the anti-microbial and anticancer properties of NS oil. Since different diseases are facilitated by different mediators, some of which exert opposing effects, the immunotherapeutic efficacy of ingestion or administration of the whole seed, its oil or its purified constituents should be determined according to the nature of the disease. Further studies are therefore necessary in order to explore the specific cellular and molecular targets of NS constituents and in particular TQ. Additional research should focus on the mechanisms by which NS seeds exert their medicinal effects.
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