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ABSTRACT

The novel coronavirus (COVID-19) is a kind of viral pneumonia and emerging pathogen that causes a severe respiratory infection in humans. The research on COVID-19 is still in the primary stage and international attention has raised to develop treatment option. The main death cause of COVID-19 is acute respiratory distress syndrome (ARDS). The main mechanisms for ARDS is the cytokine storm that release the large amounts of pro-inflammatory cytokines. The other corona virus such as, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) cause to reduction of CD4+ and CD8+ T cells in the peripheral blood of infected patients. Some medicinal plants produce essential oils that are used in traditional and modern medicine, and in the food, cosmetics, and pharmaceutical industry. We aimed to summarize the possible therapeutic effects of Nigella sativa and its constituents, thymoquinone based on immunomodulatory effects on COVID-19. The databases including; Web of Science (ISI), PubMed, Scopus and google scholar were used to search for keywords such as, COVID-19, Nigella sativa, thymoquinone, Antivirus, and Immunomodulatory effects. N. sativa extract and thymoquinone (TQ) reduced the level of cytokines including; IL-2, IL-4, IL-6, and IL-12, while enhanced IFN-γ in the bronchoalveolar lavage fluid and serum. They also increased the serum levels of IgG1 and IgG2a. 
N. sativa and TQ decreased T helper 2 (Th2)/Th1 and Th2/ Regulatory T cells (Tregs) ratios due to elevation of IL-10 but suppression of IL-4. Then this medicinal plant and its constituents might be beneficial effects in control and treatment of COVID-19.   
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1 INTRODUCTION
Nigella sativa L. (N. sativa) or black seed is belonging to the Ranunculaceae family. This plant has been used traditionally as food additive and spice.32

 The plant is among the most commonly-used herbal plants practiced in Iranian traditional medicine.1

 Use of plants and botanical compounds for immune enhancement has been reported by several recent studies and traditional medicine sources., 4
 N. sativa traditionally used to treat various types of disorders such as, diabetes,  cough, headache, fever, eczema, bronchitis, and influenza.76

, antioxidant5

 Pharmacological effects of the N. sativa including its anti-inflammatory, 8
, antimicrobial 19

, Neuroprotective, 10
 and renoprotective 11

  were reported.
COVID-19 is a large enveloped virus with a single-stranded RNA genome, is the third known coronavirus after severe acute respiratory syndrome (SARS) and Middle East respiratory syndrome coronavirus (MERS -CoV) that was first identified in late December 2019 in Wuhan, China.1514

 Traditionally, it has been known that some medicinal plants products possess immune-regulatory properties. Nevertheless, isolation of plants bioactive components occurred  in the 19th century.13

 COVID-19 has high transmissibility and infectivity compared with SARS and MERS, despite of low mortality rate.12

 It causes severe respiratory disorders and pneumonia-like infection in humans., 16
 

In 1990, it was indicated that about 64% of the world population use herbal remedies for treatment of various disorders.20

19

 Alkaloids, as the most common plant-based bioactive metabolites, as well as flavonoids, also have antifeedant and larvicidal effects.18

 Herbs synthesize chemicals as a part of their defense system to combat pathogens and considerable numbers of such compounds are effective anti-infective agents. For example, naturally occurring hydroxylated phenols and flavonoids are effective against infections.17

 Moreover, nearly 50% of synthetic drugs are derived from phytochemicals.
This review tries to explain the traditional and new pharmacological properties of Nigella sativa and its main constituent, thymoquinone on COVID-19 induced infection in respiratory system based on immune modulatory.

2 METHODS
This data of the current study was obtained from, Web of Science (ISI), PubMed, Scopus and google scholar by searching keywords: Antivirus effects, Nigella sativa, thymoquinone, and Immunomodulatory effects were collected via studies in electronic databases includes, 
3 IMMUNOMODULATORY EFFECTS OF HERBS
Immunotherapy is defined as the approach to treat of illness by generating or enhancement of an immune response against disorders.24

23

 The roles of Th2 cytokines such as, IL-4  in the pathogenesis of asthma also reported.23

 The pathogenic roles of cytokines including; IL-10, IL-6, IFN-α, IFN-γ, IL-17, and IL-23 in a heterogenic autoimmune inflammatory disease such as, systemic lupus erythematosus (SLE) has been showed.22

 They are released as paracrine, autocrine, or endocrine pathways and have been implicated in a variety of infections and immune system-affecting disorders by both pro-inflammatory and anti-inflammatory mechanisms. The pro-inflammatory cytokines are include IL-17, IL-1β, and TNF-α, and anti-inflammatory cytokines are include, IL-10, and IL-1ra.21

 Cytokines are small, nonstructural proteins including interleukins, chemokines, interferons, and tumor necrosis factors, which have a multitude of pleiotropic effects in various organs.
Deregulation of the immune system has been known as the main cause of many diseases; thus, management of and immune responses could be a beneficial therapeutic strategy for the treatment of these diseases. Some medicinal plants might affect the functions of the immune system by modulation of the production/release of immune-globulins and cytokines, immune cells activities and cellular coreceptor expression.25

 
4 CELLULAR IMMUNITY AND CYTOKINE STORM IN COVID-19 
Antigen subsequently stimulates the body’s immune system (humoral and cellular), which mediated by virus-specific B and T cells. The antibody profile against SARS-CoV-2 has a pattern of Immunoglobulin M and G (IgM and IgG) production, which similar to common acute viral infections.26

 

The number of CD4+ and CD8+ T cells as humoral responses in the peripheral blood of infected patients with SARS-CoV-2, significantly reduced.29

28

 The CD8+ T cells also showed a similar effect on MERS -CoV in infected mice.27

 Reduction of CD4+ and CD8+ T cells in the acute phase response in SARS-CoV is associated with severe decrease of CD4+ and CD8+ T cells.
Cytokine storm is one of the main mechanisms for ARDS, the uncontrolled systemic inflammatory response resulting from the release of large amounts of pro-inflammatory cytokines including; IFN-α, IFN-γ, IL-1b, IL(6 -12 -18 and 33), TNF-α, TGFβ,  etc.) and chemokines by immune effector cells in SARS-CoV infection30, 31
. Patients with severe MERS-CoV infection show elevated levels of pro-inflammatory cytokines similar to those with SARS-CoV, in serum compared to those with the mild moderate disease.27

32

 The cytokine storm will start a violent attack by the immune system to the body, cause ARDS and multiple organ failure, and finally lead to death in severe cases of SARS-CoV-2 and MERS-CoV infection.
5 TRADITIONAL USES AND PHARMACOLOGICAL EFFECTS OF N. SATIVA
N. sativa in family Ranunculaceae, is widely grown in the Mediterranean countries, western Asia, middle east, southern Europe and north Africa.3433

 N. sativa has been traditionally used for treatment of infertility, fever, infection, inflammation, chest congestion, cough, bronchitis, asthma, chronic headache, dysmenorrhea, obesity, diabetes, flatulence, and diarrhea., 35
 The active constituents of N. sativa are mainly thymoquinone (TQ) which showed anti-inflammatory effects by suppression of prostaglandins and leukotrienes as inflammatory mediators.37

36

 Antioxidant and anti-epileptic, as well as anti-Alzheimer’s and anti-Parkinson’s disease effects of N. Sativa and TQ were previously reported.
6 ANTIVIRUS EFFECTS OF N. SATIVA AND TQ
Antiviral effect of N. Sativa oil, using murine cytomegalovirus (MCMV) as a model were   investigate. Intraperitoneal  administration  of  N. Sativa oil  (100 μg/100 μl) to  BALB/c mice  inhibited  the  virus  titers  in  spleen  and liver 3  day  after infection. The oil of N. Sativa significantly reduced the viral load in the liver and spleen compared to the control group.  This antiviral effect accorded with raising IFN-γ serum level    and increasing numbers of CD4+ helper T cells.  In addition, the  virus  titer  was  undetectable  in spleen and liver in treated mice with N. Sativa oil  after ten days, but it was detectable  in  control  mice.39

38

  This antiviral effect of the N. Sativa oil is related with increasing response of CD4 cells. The possible effects of N. sativa on immune-response and pathogenesis of H9N2 avian influenza virus (H9N2 AIV) in turkeys showed fed diets containing 2%, 4% and 6% of N. sativa in infected turkeys showed positive results including; significantly increased the body weight and reduced mortality was observed in turkeys of all groups. Turkeys fed N. sativa (6%) showed significantly lower virus titer than those in control geoup. Moreover, fed diets of N. sativa increased the expression levels of IFN-γ mRNA compared to the control group. The higher antibody titer against H9N2 AIV in turkeys fed with N. sativa shows the immunomodulatory nature of NS. Similarly, increased cytokine gene expression suggests antiviral behavior of NS especially in dose dependent manner, leading to suppressed pathogenesis of H9N2 viruses.
In a study, treatment patient  with  hepatitis  C  virus (HCV)  infection  who  was  not  eligible  for  IFN-α therapy with the capsule of  N. sativa  oil (450 mg) for 3 times in a day, for 3 months, showed the  significant decreasing in the viral load  and also improvement of the  oxidative  stress  due  to  augmented  total antioxidant  activity.   N. sativa oil also improved  RBC, platelet  counts,  total  protein  and  albumin in  HCV  patients.40

 

The possible effects of TQ and curcumin on immune-response and pathogenesis of H9N2 avian influenza virus (AIV) in turkeys showed TQ and curcumin significantly increased antibody titer against H9N2 AIV in birds. TQ and curcumin increased gene expression of IFN-γ especially in combination. TQ reduced virus shedding and enhanced immune responses in treated animals that lead to suppress pathogenesis of H9N2 viruses.41

  These results indicated the immune-modulatory nature of TQ. Antiviral effects of N. Sativa and TQ were showed in the Table 1.
7 IMMUNOMODULATORY EFFECTS OF N. SATIVA AND TQ
7.1. Nigella sativa
N. sativa has been used as a safe herbal food against inﬂammatory diseases including asthma, allergy, and metabolic syndrome due to not only its immunomodulatory effects but also its low cytotoxicity.43

42

 The effects of N. sativa aqueous extract (1, 10, 50, and 100 µg/ml) on splenocyte proliferation, macrophage function in BALB/c mice, and natural killer (NK) activity and anti-tumor activity of C57/BL6 showed signiﬁcant and dose-dependently elevation of the splenocyte proliferation. The pattern of cytokine secretion by splenocyte was changed by the plant extract in favor of Th2 pathway. N. sativa extract (50, and 100 µg/ml) signiﬁcantly enhanced the secretion of IL-4 and IL-10 but suppressed IL-6, TNF-α, and NO by primary macrophages. In addition, the plant extract increased NK cytotoxic activity against YAC-1 tumor cells which suggested an anti-tumor activity for the plant.42

 Ethanolic extract of N. sativa (1000 µg/ml) reduced the secretion of IL-4 in PHA- and concanavalin A (Con A)-stimulated splenocytes. The extracts of N. sativa (500 and 1000 µg/ml) decreased IFN-γ secretion in stimulated and non-stimulated splenocytes.
Nevertheless, cytokine production by splenic mononuclear cells (MNCs) of OVA-sensitized mice treated with N. sativa oil (252 mg, p.o.) was not signiﬁcantly different with that of the non-treated group. These results indicated that N. sativa oil possesses no immunomodulatory effect on Th1 and Th2 cell responsiveness to allergen stimulation.44


N. sativa oil exhibits airway anti-inflammatory and immune-regulatory effects which may support its use for treatment of allergic asthma. Peripheral blood eosinophil count, IgG1 and IgG2a levels, cytokine profiles (IL-2, IL-12, IL-10, and IFN-γ levels) and inflammatory cells in lung tissue were significantly decreased by the plant oil in a mouse model of allergic asthma. The plant showed comparable immunomodulatory properties with those of dexamethasone except for its effect on IFN-γ level.45

N. sativa extract supplementation (200 mg/kg/day, p.o.) in control, moderately trained, and over-trained rats changed the cytokines proﬁle. Immediately after exercise, IL-6, IL-10 and TNF-α increased while IL-4 decreased in rats serum. Moreover, IFN-γ /IL-4 ratio significantly increased in animals treated with the extract.46


Pretreatment of OVA-sensitized guinea pigs with N. sativa extract (1.25 and 2.50 g/L, p.o.) decreased the level of IL-4, increased IFN-γ levels and ameliorated almost all lung histological changes but increased IFN-γ levels in sensitized guinea pigs.4747

 In another experiment, hydro-ethanolic extract of N. sativa (0.08 g in drinking water) decreased neutrophil numbers and restored IL-4 and IFN-γ levels in sulfur mustard (40 mg/m3) exposed animals., 48

N. sativa seeds volatile oil (2.5 µl ≅ 2.10 µg, intramuscular (i.m.), twice a week for 30 days) on antibody titer in rats, showed reduction in antibody titer (1280 versus 2560) in treated animals compared to the control rats. In addition, the findings indicated that splenocytes and neutrophils counts were signiﬁcantly decreased, but peripheral lymphocytes and monocytes were increased in the experimental animals that received N. sativa seeds volatile oil.50

49

 Serum protein and total immunoglobulin levels of fish fed with diets containing 1, 2.5 and 5% N. sativa for 21 days, were significantly increased. Furthermore, hematocrit level was significantly increased in group fed with 5% N. sativa compared to the control group.
IL-1β and IL-4 levels were increased following addition of N. sativa extract (1 and 2 µg/ml) to culture medium of non-activated peripheral blood mononuclear cell (PBMC) and allogeneic cells. Whole N. sativa proteins (0.1, 1 or 10 µg/ml) suppressed the production of IL-8 in non-stimulated as well as pokeweed mitogen-activated PBMC cells. Whole soluble N. sativa extract (2 µg/ml) also increased TNF-α production. Furthermore, fractionated extract of N. sativa was less effective than whole N. sativa proteins.51


N. sativa aqueous extract (50 µg/ml) suppressed lymphocytes response to all mitogens and allogeneic cells. However, N. sativa at lower concentrations (0.5 µg/ml) stimulated lymphocytes response to allogeneic cells. Moreover, below-10-kDa fraction of N. sativa stimulated the production of IL-1β and IL-3 by human lymphocytes without need for any mitogen or other human allogeneic cells. The most marked increase in IL-3 production was noted when 0.5 µg/ml of N. sativa was added to lymphocytes culture. However, N. sativa did not affect IL-2 secretion by mitogen-activated peripheral blood mononuclear cells 54

53

 In LPS (1 mg/kg, i.p.)-induced lung injury, N. sativa (100, 200, 400 mg/kg, i.p.), decreased total WBC, eosinophils, neutrophils, basophils, and monocytes counts as well as oxidative stress markers in the BALF and serum as well as TGF-β1, IFN-γ, PGE2, IL-4 levels in the BALF and pathological changes of the lung  dose-dependently.52

. In autoimmune encephalomyelitis (AE)-induced in Wistar rats, N. sativa (2.8 g/kg,bw)  enhanced remyelination in the cerebellum and reduced the expression of transforming growth factor beta 1 (TGF β1).
Dietary supplementation with N. sativa oil improved the immune response of healthy elderly subjects in a double-blind, placebo-controlled study.56

55

 Prostaglandin E2 production was significantly reduced in individuals who received 750 mg or 10 mg/kg N. sativa oil (15% γ-linolenic acid) compared to the placebo treated group (750 mg soybean oil).
N. sativa oil capsules administration (40 to 80 mg/kg/day, p.o.) in adults and children with allergic rhinitis, atopic eczema and asthma resulted in significant reductions in plasma and urine levels of IgE, eosinophil count and endogenous cortisol compared to their pre-treatment values.57


Together, the results of different studies indicated that N. sativa influences serum immunoglobulins, antibody titer, eosinophil count, cytokine profiles and Th1/Th2 balance. Therefore, N. sativa could be applied for treatment of inﬂammatory disorders including allergy and asthma. Noteworthy, immunomodulatory effects of the plant vary between in vitro and in vivo studies as its effects were in favor of Th2 in in vitro studies while in vivo studies showed a cytokine secretion pattern in favor of Th1 pathway. Immunomodulatory effects of N. Sativa was summarized in the Table 2.
7.2.  Thymoquinone (TQ)

Treatment of LPS-activated mast cells with TQ 10 μM restored LPS-induced changes in terms of IL-5 and IL-13 at mRNA and protein levels but did not affect IL-10 production. In addition, TQ inhibited globin transcription factor (GATA) binding at the IL-5 promoter induced by LPS stimulation.6160

 The gene expression of IL-1β, TNF-α, monocyte chemoattractant protein-1 (MCP-1), and cyclooxygenase-2 (COX-2) in pancreatic ductal adenocarcinoma (PDA) cells, were signiﬁcantly and dose-dependently reduced by TQ (25–75 μM). TQ also showed an incisory effect on TNF-α-mediated activation of NF-κB in PDA cells but reduced the transport of NF-κB from the cytosol to the nucleus.59

 TQ (0-25 μM) also dose-dependently inhibited TNFα-induced nuclear factor-κB (NF-κB) activation via inhibition of NF-κB kinase (IKK) activity, and subsequently suppressed phosphorylation and activation of NF-κBα (IκBα). The expression of NF-κB-regulated anti-apoptotic (IAP1, IAP2, XIAP Bcl-2, and Bcl-xL), and angiogenic (MMP-9 and VEGF) gene products were also down regulated in human myeloid leukemia cell line (KBM-5) cells by TQ.58

 In addition, TQ treatment (1-20  μM) led to signiﬁcant inhibition of LPS-induced release of IL-10, IL-12, and TNF-α from dendritic cells (DCs) and suppressed LPS-induced phosphorylation of pro-survival factors protein kinase B (AKT) and (ERK1/2), but induced caspase-3 and caspase-8 activity in DCs.

The prophylactic effect of TQ (3 mg/kg, i.p.) on blood levels of IL-4 and IFN-γ was studied in sensitized guinea pigs and the results showed decreased IL-4 but increased IFN-γ levels.62


Administration of TQ (3 mg/kg, i.p.) decreased the production of leukotriene B4 (LTB4) and leukotriene C4 (LTC4) in the BALF of mice. Furthermore, the levels of IL-4, IL-5 and IL-13 were also significantly decreased but, IL-10 was increased when TQ administered before OVA challenge.66

65

 Orally administration of TQ (10, 20, and 40 mg/kg/day) for 14 days after Alzheimer’s disease (AD) induction, decreased amyloid-β (Aβ) formation and accumulation, and also decreased TNF-α and IL-1β. Furthermore, it significantly downregulated the expression of NF-κB and interferon regulatory factor 3 (IRF-3) mRNAs.64

 Intraperitoneal administration of TQ (5 or 10 mg/kg) 30 min before LPS injection (1 mg/kg i.p.) decreased IL-6 and TNF-α in treated rats.63

 Similarly, TQ (3 mg/kg, i.p.) signiﬁcantly decreased elevated serum levels of IgE and IgG1 and inhibited allergen-induced lung eosinophilic inﬂammation and mucus-producing goblet cells. TQ also signiﬁcantly inhibited IL-4, IL-5, and IL-13 but increased IFN-γ production in the BALF. In addition, a small effect of TQ was observed on production of IL-4 in OVA-stimulated cultured lung cells. These results indicated the effect of TQ on reduction of airway inﬂammation by inhibiting eosinophil inﬁltration into the airways and Th2 cytokines productions.
In diabetic mothers, TQ supplementation (20 mg/kg, p.o.) during pregnancy and lactation periods restored IL-2 levels and T cells proliferation and saved both circulating and thymus-homing T cells in the rat offspring.67

 These results indicated an inhibitory effect for TQ on eosinophilia, Th2 cytokines, and allergen-specific antibodies which resulted in reduction of allergen-induced inflammation. These results showed immune-modulatory effect of TQ and suggests its therapeutic value in allergic and immune-deficiency induced disorders. Table 3 shows immunomodulatory effects of N. Sativa. Immunomodulatory effects of N. Sativa and TQ were showed in the Figure 1.
8 CLINICAL EVIDENCES OF N. SATIVA AND TQ ON RESPIRATORY DISORDERS
The prophylactic effect of N. Sativa boiled extract was shown in asthmatic patients. Administration of N. Sativa (15 mg/kg/day) extract for 3-month period improved respiratory symptoms such as, chest wheeze, and pulmonary function test (PFT) values in asthmatic patients compared to the placebo treated group. Furthermore, the need for bronchodilator drugs were decreased in N. sativa compared to the placebo treated patients.70

69

 Similarly, the prophylactic effect of N. sativa boiled extract (187 mg/kg/day, p.o.) in sulfur mustard exposed patients for 2 months showed the use of bronchodilator drugs after treatment in the study group was reduced at the end of the study. In addition, the respiratory symptoms, and PFT values significantly improved, and no adverse effect was reported by the patients during the study.68

 The bronchodilatory effect of the boiled extract of N. sativa (50 and 100 mg/kg/day, p.o) compared to theophylline (6 mg/kg/day) in asthmatic patients showed increased in most of PFTs values, and specific airway conductance (sGaw) compared to the baseline measurements, but this effect on most measured PFTs was less than that of theophylline.
The effect of probiotics or combination with N. sativa (15 mg/kg/day) significantly improved the asthma control test (ACT) score compared with before intervention 71

. 

9 CONCLUSION
This review descriptively highlights the possible effects of N. sativa and its major constituents with their underlying mechanism(s) of action on COVID-19.  According to our literature survey, N. sativa  and TQ have various important properties including, antiviral properties in in vitro studies, stimulation of humoral  and cellular immune responses, modulation of immune responses, improvement of eosinophil counts and IgE serum levels, reduction of pro-inflammatory cytokine (IL-4, IL-1β, IL-6, TGF-β and IL-17), and enhancement of anti-inflammatory cytokines, IFN-γ and FOXP3. In addition, N. sativa and TQ improved PFT values in obstructive lung disease such as, asthma. Since, acute respiratory distress syndrome (ARDS) with cytokine storm of pro-inflammatory cytokines is the main death cause of COVID-19 and N. sativa and TQ have anti-inflammatory and immunomodilatory effects and also protective effects on obstructive lung disease, it may be useful for treatment of COVID-19.  Although, the more clinical studies are required to support drug effectiveness.
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Figure 1. The mechanisms of acute respiratory distress syndrome (ARDS) of COVID-19 and possible therapeutic effects of N. sativa and TQ.
TABLE 1 Antiviral effects of N. sativa and TQ
	Type of plant Extract
	Effective doses
	Model of study
	Effects
	Ref.

	N. Sativa oil
	100 μg/100 μl
	MCMV
	Inhibited the virus titers in spleen and liver 3 and significantly reduced the viral load in the liver and spleen.  Raising IFN-γ serum level    and increasing numbers of CD4+ helper T cells.  
	38



	Fed diets of N. Sativa
	2%, 4% and 6%
	H9N2 AIV
	Significantly increased the body weight and reduced mortality was observed in turkeys. Significantly lower virus titer than those in control geoup. Moreover, fed diets of N. sativa increased the expression levels of IFN-γ mRNA compared to the control group.
	39



	N. sativa  oil
	Capsule  (450 mg)
	HCV patients
	Significant decreased the viral load and also improvement of the oxidative stress due to augmented total antioxidant activity. N. sativa oil also improved  RBC, platelet  counts,  total  protein  and  albumin in  HCV  patients
	40



	Fed diets of TQ
	5 g/kg
	H9N2 AIV
	Significantly increased antibody titer against H9N2 and increased gene expression of IFN-γ. TQ also reduced virus shedding and enhanced immune responses in treated animals that lead to suppress pathogenesis of H9N2 viruses
	41




MCMV; murine cytomegalovirus, H9N2 AIV; H9N2 avian influenza virus, HCV; hepatitis C virus.   
TABLE 2 Immunomodulatory effects of N. sativa 
	Ref.
	Effects
	Model of study
	Effective doses
	Type of plant Extract

	42
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 IL-4 and IFN-γ
	Splenocytes cells
	1000 µg/ml
	Ethanolic extract

	51


	 TNF-α, IL-1β and IL-4
  IL-8 
	PBMC cells
	2 µg/ml
	Aqueous extract



	43


	 IL-6, TNF-α, and NO

 IL-4 and IL-10
	Splenocytes cells
	100 µg/ml
	

	52


	 IL-1β and IL-3
	Human lymphocyte
	0.5 µg/ml
	

	46


	 IL-6, IL-10 and TNFα

 IL-4
	Rat
	200 mg/kg, p.o.
	Ethanolic extract

	47


	 IL-4, 

  IFN-γ
	Guinea pigs


	2500 mg/L, p.o.
	Hydroethanolic



	48


	 Neutrophil number and restored the IL-4 and IFN-γ changes
	Guinea pigs


	80 mg/L, p.o.
	

	49


	 Splenocytes and neutrophils counts
 Peripheral lymphocytes and monocytes
	Rat
	2.10 µg, i.m
	Volatile oil

	53


	  The expression of transforming growth factor beta 1 (TGF β1) 
	Rat
	2.8 g/kg,bw
	Aqueous extract



	50


	 Serum protein and total Ig levels
	Rainbow trout
	5%
	Diet of 

N. sativa

	55


	 Production of prostaglandin E2
	Human
	10 mg/kg, p.o.
	Supplement of N. sativa oil

	57


	 IgE, eosinophil count, endogenous cortisol in plasma and urine
	Human
	40 mg/kg/day, p.o.
	Capsule of 

N. sativa oil


IL; interleukins, IFN-γ; interferon gama, TNF-α; tumor necrosis factors alpha, PBMC; peripheral blood mononuclear cell, TGF β1; transforming growth factor beta 1, Ig; immunoglobulin
TABLE 3 Immunomodulatory effects of TQ.
	Ref.
	Effects
	Model of study
	Effective doses
	Bioactive compound

	58


	 IL-5 and IL-13 mRNA expression
	Mast cells
	10 μM
	TQ

	59


	 IL-10, IL-12, and TNFα

  Caspase 3 and caspase 8
	Dendritic cells
	20 μM
	

	60


	 NF-κB activation, anti-apoptotic, and angiogenic gen
	KBM-5 cells
	25 μM
	

	61


	 IL-1β, TNFα, MCP-1, and COX-2
	(PDA) cells
	75 μM
	

	62


	 IL-4 

 IFN-γ
	Guinea pigs
	3 mg/kg, i.p.
	

	64


	 LTB4 and LTC4, IL-4, IL-5 and IL-13

  IL-10
	Mice
	3 mg/kg, i.p.
	

	63


	 IgE and IgG1, IL-4, IL-5, and IL-13 and IFN-γ
	Mice
	3 mg/kg, i.p.
	

	67


	  IL-2 and T cell proliferation
	Rat
	20 mg/kg, p.o.
	

	65


	  IL-6, TNF-α, and NO metabolites 
	Rat
	5 or 10 mg/kg, i.p.
	

	66


	  Amyloid-β (Aβ) formation and accumulation, and also decreased TNF-α and IL-1β
	Rat
	10, 20, and 40 mg/kg/day, p.o.
	


KBM-5; myeloid leukemia cell line, PDA; pancreatic ductal adenocarcinoma cells, NF-κB; nuclear factor-κB, MCP-1; monocyte chemoattractant protein-1, COX-2; Cyclooxygenase-2, LTB4; leukotriene B4, LTC4; leukotriene C4,  NO; Nitric oxide.
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