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Abstract. 
Diabetes is reaching pandemic levels in both developing and developed countries and requires safe, affordable, and effective therapies. This report summarises work in our laboratory on the effects of Zingiber officinale (ginger) and its components in diabetes models and provides a future outlook on the potential for their use in type 2 diabetes. A high fat diet rat model showed modulation of body weight gain and normalisation of glucose and lipid metabolic disturbances, with reduction of insulin resistance in a high fat-high carbohydrate diet model. Ginger extract inhibits enhanced NF-κB in liver of high fat-fed rats through inhibition of the IKK/IκBα/NF-κB classical pathway. The major active component (S)-[6]-gingerol inhibited elevated cytokines in inflamed HuH7 cells through suppression of COX2 expression and protection against the ROS pathway. Ginger extract and gingerols enhanced glucose uptake in L6 myotubes, by enhancing translocation of GLUT4 to the surface membrane and activation of AMPKα1 through a Ca2+/calmodulin-dependent protein kinase kinase pathway. (S)-[6]-Gingerol also enhanced energy metabolism through marked increment of peroxisome proliferator-activated receptor-γ coactivator-1α (PGC-1α) gene expression and mitochondrial content in L6 skeletal muscle cells. Future studies will require well designed clinical trials on ginger preparations of defined chemical composition.
 

1. Introduction
1.1. Diabetes and Prediabetic States: The Scope of the Problem
According to recent estimates the prevalence of diabetes has reached pandemic proportions, with 382 million people worldwide living with this condition. A further 316 million (6.9%) adults worldwide with impaired glucose tolerance are at high risk of developing diabetes [1]. By the end of 2013 it was estimated that there would be 5.1 million deaths and a cost of USD 548 million in health care spending. Estimates indicate that there will be 592 million people living with the disease within 25 years without positive action, yet it is considered that most of these cases are preventable [1]. Contrary to expectations, 80% of people with diabetes live in low- and middle-income countries [1]. There is also a growing trend for younger people to develop diabetes, leading to an increasing incidence of premature deaths [2].
Diabetes mellitus is characterised by chronic hyperglycemia resulting from impaired insulin action/secretion [3]. Type 2 diabetes, accounting for >90% of diabetes [3], is associated with metabolic disorders of both lipid and carbohydrate [4]. Effective control of hyperglycemia in diabetic patients is critical for reducing the risk of micro- and macrovascular disease [5–7]. The recent growth in obesity is associated with lifestyle changes, especially increased caloric intake and decreased physical activity. Obesity is associated with an increased prevalence of chronic diseases, including type 2 diabetes mellitus with insulin resistance, atherosclerosis, and nonalcoholic fatty liver disease (NAFLD) [8–10]. Although lifestyle changes including exercise and better nutrition have been found effective in reducing the debilitating effects of diabetes, these changes have been difficult to implement and the battle is being lost [11]. Therapy therefore continues to rely heavily on pharmacological agents, but side effects of varying severity of the presently available hyperglycemic agents, especially in the elderly, have limited their usefulness as antidiabetic agents. This has led to continued efforts to explore the effectiveness and potential of agents from natural sources for the control of diabetes mellitus. A vast array of plant and related products with antidiabetic effects were identified in reviews of the literature on natural products [12, 13]. Metformin, currently the drug of choice in the management of hyperglycemia, in fact has its origins in a natural product [14]. The combination of hyperglycemic and hyperlipidemic disturbances and their interdependence presents major risk factors for the development of diabetes and its life threatening cardiovascular complications [15]. Thus the control of both these underlying disturbances is considered optimal for the management of diabetes and its complications.
1.2. Ginger
Ginger (Zingiber officinale, Roscoe Zingiberaceae) is one of the most widely consumed spices worldwide. From its origin in Southeast Asia and its spread to Europe, it has a long history of use as herbal medicine to treat a variety of ailments, including vomiting, pain, indigestion, and cold-induced syndromes [16, 17]. Although ginger is not widely known for its effectiveness in diabetes prevention and/or treatment, modern pharmacological studies support its potential for treating both the hyperlipidemic and hyperglycemic aspects of diabetes. However there is much less information on the mechanism of action of ginger underlying its effects in diabetes. Whilst the chemical composition of Zingiber officinale is well investigated, it is much less clear which of the many components in ginger are responsible for its effects in diabetes.
1.3. The Importance of Chemical Composition of Ginger and Other Herbal Products
It is expected that the multiple components in ginger may lead to multiple effects on metabolic pathways and to involve multiple mechanisms affecting various aspects of chronic metabolic disorders such as diabetes [18]. Some of the main chemical components of ginger are shown in Figure 1. Crude ginger contains up to 9% lipids or glycolipids and about 5–8% oleoresin. The pungent principles, accounting for 25% of the oleoresins, consist mainly of gingerols. [6]-Gingerol is the major gingerol, and other gingerols include [8]-gingerol or [10]-gingerol, as well as methylgingerol and gingerdiol, dehydrogingerdione, [10]-dehydrogingerdione, diarylheptanoids, diterpene lactones, and galanolactone (in some species). Ginger contains up to 3% essential oil, accounting for 20–25% of the oleoresins. Gas chromatography/mass spectrometry identified other numerous compounds in the essential oil of ginger, of which major compounds are camphene, b-phellandrene, and 1,8-cineol [19]. The oil also contains sesquiterpenes and sesquiterpene alcohols impacting the smell of ginger, whilst the taste of ginger is mainly affected by various monoterpenes. Shogaols, contained in semidried ginger, are more pungent than gingerols [20], are a major degradation product of the thermally labile gingerols, and are rarely found in fresh ginger [21]. Another minor component, zingerone, is a degradation product which indicates low quality plant material. A number of other coactive constituents could also contribute to the treatment of various diseases.





	
	
	
	
	
	
	
	
	


	
	
	
	
	
	
	
	


	
	
	
	
	
	
	
	
	
	
	
	
	
	


	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
			
		
			
		
		
			
			
		
		
			
			
		
		
		
			
		
		
		
		
			
			
		
		
		
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
		
			
		
			
		
			
	


	
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
		
		
		
		
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
		
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
		
		
		
		
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
		
		
		
			
		
			
	


	
		
			
		
		
			
		
		
			
			
		
		
			
		
		
			
			
			
			
			
			
			
			
			
			
		
		
			
		
		
			
		
		
			
		
		
			
		
	
	
		
			
		
		
			
		
		
			
			
			
			
			
			
			
			
			
			
		
		
			
		
		
			
		
		
			
		
		
			
		
	
	
		
			
		
		
			
		
		
			
			
		
		
			
		
		
			
			
			
			
			
			
			
			
			
			
		
		
			
		
		
			
		
		
			
		
		
			
		
	
	
		
			
		
		
			
		
		
			
			
			
			
			
			
			
			
			
			
		
		
			
		
		
			
		
		
			
		
		
			
		
	
	
		
			
		
		
			
			
		
		
			
			
			
			
			
			
			
			
			
			
			
			
			
		
		
			
		
		
			
		
		
			
		
		
			
		
	
	
		
			
		
		
			
			
		
		
			
			
			
			
			
			
			
			
			
			
		
		
			
		
		
			
		
		
			
		
		
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
		
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
		
		
			
		
	
	
		
			
			
		
		
			
		
	
	
		
			
			
		
		
			
		
		
			
		
	
	
		
			
			
		
		
			
		
		
			
		
	


	
	
	
	
	
	
	
	
	
	
	
	
	
	


	
		
			
		
		
			
			
		
		
			
		
		
			
		
		
			
		
	


	
		
			
		
		
			
			
		
		
			
		
		
			
		
		
			
		
	



Figure 1: Chemical structures of components of Zingiber officinale.


1.4. Evidence for Efficacy from Clinical and Pharmacological Studies on Ginger
Sigrun Chrubasic, in collaboration with our laboratory, undertook a comprehensive review of animal and clinical studies on Zingiber officinale [18]. In nausea and vomiting it was concluded that clinical evidence beyond doubt is only available for pregnancy-related nausea and vomiting, whilst meta-analyses could not demonstrate effectiveness in postoperative nausea, motion sickness, or nausea/vomiting of other aetiology. It remains to be confirmed to what extent various proprietary ginger preparations are clinically useful to alleviate osteoarthritic or other pains and to influence platelet aggregation. Ginger exerts in vitro antioxidative, antitumorigenic, and immunomodulatory effects and is an effective antimicrobial and antiviral agent. Animal studies demonstrate effects on the gastrointestinal tract, the cardiovascular system, and experimental pain and fever and antioxidative, antilipidemic, and antitumor effects, as well as central and other effects. More recently Li et al. [26] from our group reviewed in vitro, in vivo, and clinical studies on the effectiveness of ginger in diabetes, diabetic complications, and associated lipid and other metabolic disorders, with particular emphasis on the mechanisms underlying the antihyperglycemic effects of ginger. Prominent mechanisms underlying these actions are found to be associated with insulin release and action and improved carbohydrate and lipid metabolism. Ginger has shown prominent protective effects on diabetic liver, kidney, eye, and neural system complications.
1.5. Aims and Objectives of This Report
Studies on Zingiber officinale in inflammatory conditions have been undertaken in this laboratory since 2001. Our objective has been to validate the traditional and modern literature on the effectiveness of ginger in chronic metabolic conditions and to provide new potential therapeutic modalities based on a thorough understanding of the underlying molecular mechanisms of action of Zingiber officinale and in particular its major active components. Given the still unmet needs of treatment of diabetes and its complications we have focused our efforts on the potential of ginger for the prevention and treatment of the underlying causes of diabetes and the prediabetic state. Natural products may provide safer and more accessible materials for the prevention of diabetes and its treatment in both the developed and developing world. This report reviews our studies and provides a perspective and future outlook for additional research and development needed to provide new therapies based on ginger as a natural product. The methods employed are found in detail in the original articles cited.
2. Ginger in Animal Models of Diabetes and Prediabetes
The concept of “reverse pharmacology” [27] often applies to research in herbal medicine, whereby a plant or other natural products with a history of safe and traditional use undergo scientific evaluation to validate that traditional use and to understand the likely major mechanisms of action. Animal studies are widely used, especially for the validation phase, as such models are of value to study both preventative aspects and management of the condition under investigation. Initially studies have been undertaken to investigate the effects of Zingiber officinale (ginger) in animals made hyperglycemic and hyperlipidemic by exposure to high fat diets, of the type often associated with some “cafeteria-style” foods consumed by humans. Although a number of animal model studies have been done, the results of our studies are summarized below. Related studies will be found in the original articles cited.
2.1. A High Fat Diet Model [28]
In the earliest model examined [28] we investigated the effect of an ethanolic extract of ginger (which contained not less than 10% [6]-gingerol) on Wistar strain rats (150–200 g) fed with a high fat diet with moderate levels of carbohydrate. The high fat diet (HFD) contained 60% fat, 15% carbohydrate, 17.5% protein, 5% crude fibre, and 2% cholesterol. The HFD group was compared to a standard diet containing 5% fat and 60% carbohydrate. A 95% ethanol extract of Zingiber officinale rhizome (20 : 1) prepared commercially was used in this study. The ethanol extract of Zingiber officinale was found by mass spectrometry to contain three major gingerol-related compounds, [6]-gingerol, [8]-gingerol, and [6]-shogaol (see Figure 1), at 1.56 mg/g, 0.24 mg/g, and 11.70 mg/g, respectively.
Ethanolic ginger extract (100–400 mg/Kg) given by oral gavage for 6 weeks suppressed the body weight gain and lowered serum glucose and insulin induced by the high fat diet. It also dose-dependently increased insulin sensitivity, as determined by the Homeostatic Model Assessment of Insulin Resistance (HOMAR-IR) analysis. This effect was similar to that of the control rosiglitazone.
2.1.1. Effects of Ginger on Lipid Biochemical Markers [29]
Animal studies allow the testing of the effects of herbal extracts on lipid changes and key enzymes and gene and receptor expression in the chosen animal model. It is accepted that both hyperglycemia and dyslipidemia are important contributing factors to the development of atherosclerosis in type 2 diabetes [30] and hyperlipidemia represents a significant modifiable risk factor. In the HFD-treated rats [28] ginger extract effectively reduced the elevated levels of serum total cholesterol and LDL-cholesterol towards control levels, in addition to producing a marked reduction in elevated serum triglycerides, free fatty acids, and phospholipids. Similar results were found in another HFD study (60% fat and 10.6% carbohydrate), where Zingiber officinale extract (400 mg/kg for 6 weeks) reduced the enhanced triglyceride levels and showed a small but not significant decrease in hepatic cholesterol level [29]. Rosiglitazone as a positive control had a similar effect. Zingiber officinale extract prevented the HFD-induced decrease in LDL receptor protein and increased HMG-CoA reductase protein in the liver of the HFD rats, both important mechanisms in the uptake and synthesis of cholesterol. By contrast, rosiglitazone (3 mg/kg) was without effect on these activities.
2.2. Effects of Ginger on a High Fat, High Carbohydrate Animal Model with Insulin Resistance [31]
It is now widely recognized that a high calorie western food diet contributes greatly to the development of metabolic syndrome [32, 33]. Recent literature suggested that diets with high content of fat and simple carbohydrate, especially fructose, are strongly associated with insulin resistance [34–36]. We undertook a study of the effect of ginger extract on insulin resistance in rats fed with a high fat diet together with a high content of simple sugars (fructose and sucrose) [31].
The ginger extract in this study was a freeze-dried powder of ginger rhizome (Grade A, provided by Buderim Ginger Limited, Queensland, Australia) extracted with ethanol at low temperatures and reduced pressure, affording a total ginger extract containing 15.6% (S)-[6]-gingerol. The HFHC diet (with simple sugars as the main carbohydrate source) contained 17.7% sucrose, 17.7% fructose, 19.4% protein, and 40% fat, with a digestible energy of 24.1 MJ/kg; this contrasts with the standard chow with 59.4% total carbohydrate as cereal grain as the main carbohydrate source and 4.8% fat, containing digestible energy of 14.0 MJ/kg. In contrast to our earlier study where rats were fed with a high fat (60%) diet with moderate carbohydrate, the growth rate during the 10-week feeding of the HFHC group was not different from that of standard chow fed rats, possibly due to the lower amount of food consumption and similar digestive energy intake. An oral glucose tolerance test conducted over a period of 120 minutes at the end of week 10 resulted in a lower AUC of glucose in ginger extract (200 mg/kg) and metformin (200 mg/kg) treated rats compared to the HFHC control. In addition, higher serum insulin concentrations and a reduced HOMAR-IR in the HFHC diet, indicating development of insulin resistance, were markedly reversed by oral ginger extract (200 mg/kg) administration. Metformin also effectively ameliorated the HFHC diet-induced insulin resistance, as expected from clinical studies. It is of interest that in this study the ginger extract used was high in content of (S)-[6]-gingerol but not in shogaol.
Summary. We concluded from the high fat and high fat, high carbohydrate studies that the ethanolic extract of ginger showed remarkable protection from the diet-induced metabolic disturbances, especially insulin resistance, providing a rational basis for the potential medicinal value of the rhizome of Zingiber officinale and its traditional consumption for the prevention of glucose and lipid disorders.
2.3. Studies of Inflammatory Mechanisms in High Fat Diet Animal Models of Metabolic Syndrome and Prediabetes [23]
Another series of studies investigated the effect of ginger on inflammatory mediators in liver of high fat fed rats. The obesity explosion is associated with an increased prevalence of chronic diseases including type 2 diabetes mellitus [8–10] and a growing body of evidence supports the role of hepatic inflammation in the pathogenesis of these chronic diseases [37, 38]. The anti-inflammatory properties of ginger have been known for centuries [39, 40] and a number of different laboratories showed that ginger extracts suppress inflammation through inhibition of the classical NF-κB pathway in various cell types and tissues [41, 42]. We therefore investigated the anti-inflammatory effect of ethanolic extract of Zingiber officinale on cytokine expression associated with hepatic NF-κB activity in the high fat diet (HFD) rat model.
Treatment with Zingiber officinale (400 mg/kg) was found to suppress the increased hepatic nuclear NF-κB activation and the nuclear NF-κB levels in liver of the HFD-treated rats [23]. The ginger administration decreased hepatic expression of IL-6 and TNF-α, consistent with defence against inflammatory insult in the liver. We therefore concluded that Zingiber officinale ameliorates liver inflammation through suppression of the master inflammatory mediator NF-κB, decreasing the secretion of proinflammatory cytokines and chemokines which contribute to a feed-forward amplification of inflammatory signalling and progression of diabetes and metabolic syndrome [43]. These findings open the door to the potential development of ginger-based therapy for hepatic inflammation associated with the development of insulin resistance.
3. Determining the Chemical Composition and the Major Active Components in Ginger
Determining the mechanism of action of herbal medicines is a critical component of understanding the effects and mechanisms of action of natural products, assisting with validation and further understanding of the traditional knowledge and medicinal properties of natural products. Furthermore, establishing the mechanisms of action of major chemical components allows a deeper understanding of the overall biological and physiological effects observed. It also provides information of possible side effects and interactions with other drugs. Natural products typically have multiple effects, giving rise to multitarget action mechanisms from multiple pathways. As the pharmacological effects may be determined by the particular dose used, determining the potency of the various chemical components for various biological activities may predict the expected clinical effects of a herbal extract. We undertook fractionation of ginger to determine the most active components likely to be responsible for the observed antidiabetic activities, using glucose uptake in cultured L6 myotubes as the biological assay. The fractionation and activities of the resulting ginger extract fractions are illustrated in Figure 2. Fractionation of this extract using a hexane and ethyl acetate mixture gave fractions ranging from most nonpolar to moderately polar. Fraction F7 had the greatest glucose uptake activity and from 1H-NMR analysis was shown to be concentrated in (S)-[6]-gingerol (around 43.4%). Other fractions contained smaller amounts of gingerols, as well as flavonoids, triterpenoids, fatty acids, and lipids, by NMR analyses. The effects of purified gingerols were subsequently determined in anti-inflammatory and myotube glucose uptake assays.







	
	
	
	
	
	
	
	
	
	
	
	


	
	
	
	
	
	
	
	
	
	
	
	


	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	
	



	
	



	
	



	
	



	
	



	
	



	
	



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	




	
	
	
	
	
	
	
	
	
	
	
	
	




















	
	
	


	
	
	


	
	
	


	
	
	


	
	
	


	
	
	


	
	
	


	
	
	


	
	
	


	
	
	


	
	
	


	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
	


	
		
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
		
	
	
		
			
			
			
			
			
			
			
			
			
			
			
			
		
	
	
		
			
		
		
			
		
		
			
		
		
			
			
		
		
			
		
		
			
			
			
			
			
		
	
	
		
			
		
		
			
		
		
			
		
		
			
			
		
		
			
		
		
			
			
			
			
			
		
	
	
		
			
		
		
			
		
		
			
		
		
			
			
		
		
			
		
		
			
			
			
			
			
		
	
	
		
			
		
		
			
		
		
			
		
		
			
			
		
		
			
		
		
			
			
			
			
			
		
	
	
		
			
		
		
			
		
		
			
		
		
			
			
		
		
			
		
		
			
			
			
			
			
		
	
	
		
			
		
		
			
		
		
			
		
		
			
			
		
		
			
		
		
			
			
			
			
			
		
	
	
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
			
			
			
			
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
			
		
	


	
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
		
			
		
		
			
			
			
			
			
		
	


	
		
		
		
		
		
	
	
		
	
	
		
		
		
		
		
		
		
		
		
		
	


	
		
		
		
		
		
	
	
		
	
	
		
		
		
		
		
		
		
		
		
		
	


	
		
		
		
		
		
	
	
		
		
	
	
		
		
		
		
		
		
		
		
		
		
	


	
		
			
		
			
		
	


	
		
			
		
			
		
	


	
		
			
		
			
		
	


	
		
		
			
		
	


	
		
			
		
			
		
	


	
		
			
		
			
		
	


	
		
			
		
			
		
	


	
		
			
		
			
		
	


	
		
		
			
		
	


	
		
			
		
			
		
	





Figure 2: Fractionation of ginger and analysis and activity of chemical composition of major active fractions [22]. Freeze-dried ginger was extracted with ethyl acetate to give the total ginger extract containing 15% (S)-[6]-gingerol, 1.7% (S)-[8]-gingerol, 2.7% (S)-[10]-gingerol, and 0.6% [6]-shogaol. Fractions were separated by short-column vacuum chromatography (NP-SCVC) into seven fractions from nonpolar to moderate polarity. The bar graph shows the 2-deoxyglucose uptake activities of the ginger extract, metformin, and fractions tested at the maximum noncytotoxic doses. 1H-NMR analysis showed that gingerols were the major constituents in F7. HPLC analysis of active fraction F7 indicated 43.4% (S)-[6]-gingerol, 2.9% (S)-[8]-gingerol, 1.5% (S)-[10]-gingerol, and 0.07% [6]-shogaol. The effect on glucose uptake was evaluated using radioactive labelled 
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4. Mechanism of Action of Ginger from In Vitro Studies
4.1. In Vitro Studies on the Inflammatory Response in Hepatocytes
4.1.1. Effects of Zingiber officinale on Inflammatory Markers
To further understand the mechanism of anti-inflammatory action of Zingiber officinale we undertook a series of studies to examine the effect of ginger extract in hepatocytes in vitro [23].
Cultured human hepatocyte (HuH-7) cells transfected with a NF-κB-luciferase reporter vector were incubated with Zingiber officinale (100 μg/mL) prior to exposure to interleukin-1β (IL-1β, 8 ng/mL for 3 h) to induce an inflammatory phenotype. We showed first that increased NF-κB activity induced by IL-1β exposure was markedly reduced by 16–36 h preincubation with Zingiber officinale. It was then shown that ginger extract treatment dose-dependently decreased NF-κB-target inflammatory gene expression of IL-6, IL-8, and serum amyloid A1 (SAA1). The decrease in SAA1 was of particular interest, since its secretion by hepatocytes is dramatically upregulated during an inflammatory response [44] and, given its central role in insulin resistance, may be a key pathway for the preventive effects of Zingiber officinale.
Under basal conditions nuclear factor-kappa B (NF-κB) is present in the cytoplasm of hepatocytes in a latent form, bound to the NF-κB inhibitory protein, inhibitor kappa B (IκBα). Upon exposure to proinflammatory stimuli, the IκB kinase (IKK) complex is activated and catalyses the phosphorylation of IκBα. Phosphorylated IκBα is then targeted for degradation by the 26S proteasome complex, thereby liberating NF-κB to migrate to the cell nucleus and direct transcription of target genes [45]. We showed that the decrease in NF-κB activity by ginger extract was associated with a large reduction of activated IκBα kinase (IKK) activity relative to the vehicle control, whilst the degradation of the NF-κB inhibitory protein, IκBα, was considerably decreased relative to vehicle control in the IL-1β-activated HuH-7 cells. At these concentrations Zingiber officinale had little or no effect on cell viability. A schematic of the effects of ginger and its components on NF-κB pathways is shown in Figure 3.










	
		
			
			
				
			
		
	





	
		
			
				
			
				
			
		
	







	
		
			
			
				
			
		
	







	
		
		
			
		
	


	
		
			
		
			
		
	


	
		
			
		
			
		
	


	
		
		
			
		
	


	
	
	
		
			
			
				
				
				
				
			
			
			
				
				
				
				
			
			
			
				
				
				
				
			
			
			
				
				
				
				
			
			
			
				
				
				
				
			
			
			
				
				
				
				
			
			
			
				
				
				
				
			
			
			
				
				
				
				
			
			
			
				
				
				
				
			
			
			
				
				
				
				
			
			
			
				
				
				
				
			
			
			
				
				
				
				
			
			
			
				
				
				
				
			
			
			
				
				
				
				
			
			
			
				
				
				
				
			
			
			
				
				
				
				
			
			
			
				
				
				
				
			
			
			
				
				
				
				
			
			
			
				
				
				
				
			
			
			
				
				
				
				
			
			
			
				
				
				
				
			
			
			
				
				
				
				
			
			
			
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
				
			
			
		
		
		
			
			
			
		
		
		
			
			
			
		
		
	
	
	
		
			
			
				
				
				
				
			
			
			
				
				
				
				
			
			
			
				
				
				
				
			
			
			
				
				
				
				
			
			
			
				
				
				
				
			
			
			
				
				
				
				
			
			
			
				
				
				
				
			
			
			
				
				
				
				
			
			
			
				
				
				
				
			
			
			
				
				
				
				
			
			
			
				
				
				
				
			
			
			
				
				
				
				
			
			
			
				
				
				
				
			
			
			
				
				
				
				
			
			
			
				
				
				
				
			
			
			
				
				
				
				
			
			
			
				
				
				
				
			
			
			
				
				
				
				
			
			
			
				
				
				
				
			
			
			
				
				
				
				
			
			
			
				
				
				
				
			
			
			
				
				
				
				
			
			
			
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
				
			
			
			
				
				
				
				
				
		