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Abstract

Curcumin, a yellow pigment and principal polyphenolic Curcuminoid obtained from the turmeric rhizome Curcuma longa, is commonly used as a food-coloring agent. Studies suggest that curcumin has a wide range of beneficial properties e.g., anti-inflammatory, anti-oxidant, anti-cancer, anti-proliferative, anti-fungal and anti-microbial. These pleiotropic activities prompted several research groups to elucidate the role of curcumin in Helicobacter pylori (H. pylori) infection. This is the first review with this heading where we discussed regarding the role of curcumin as an anti-H. pylori agent along with its potential in other gastrointestinal diseases. Based on several in vitro, early cell culture, animal research and few pre-clinical trials, curcumin projected as a potential therapeutic candidate against H. pylori mediated gastric pathogenesis. This review sheds light on the anti-H. pylori effects of curcumin in different models with meticulous emphasis on its anti-oxidant, anti-inflammatory and anti-carcinogenic effects as well as some critical signaling and effecter molecules. Remarkably, non-toxic molecule curcumin fulfills the characteristics for an ideal chemopreventive agent against H. pylori mediated gastric carcinogenesis but the foremost challenge is to obtain the optimum therapeutic levels of curcumin, due to its low solubility and poor bioavailability. Further, we have discussed about the possibilities for improving its efficacy and bioavailability. Lastly, we concluded with the anticipation that in near future curcumin may be used to develop a therapeutic drug against H. pylori mediated gastric ailments through improved formulation or delivery systems, facilitating its enhanced absorption and cellular uptake.
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Core tip: Curcumin, a yellow polyphenolic pigment, used as a food-coloring agent has wide range of beneficial properties (e.g., anti-inflammatory, anti-oxidant, anti-cancer, anti-proliferative, anti-fungal and anti-microbial). Several research groups have elucidated the role of curcumin in Helicobacter pylori (H. pylori) infection. This is the first review where we have discussed the role of curcumin as an anti-H. pylori agent along with its potential in other gastrointestinal diseases. Based on several in vitro, early cell culture, animal research and few pre-clinical trials, curcumin projected as a potential therapeutic candidate against H. pylori mediated gastric pathogenesis with a challenge to improve its low solubility and poor bioavailability.

INTRODUCTION

Helicobacter pylori (H. pylori) is a Gram negative, microaerophilic, helical rod that colonizes in human gastric mucous layer. Although 50% of world population carries H. pylori, most infections are asymptomatic and 10%-15% of the H. pylori infected individuals develop chronic inflammation leading to atrophic gastritis, peptic ulcer as well as gastric adenocarcinoma[1]. Although infection occurs worldwide, there are significant variations in the prevalence of infection both within and between countries. In general, the overall prevalence of H. pylori infection in developed countries is lower than that in developing countries due to improved medical care, personal hygiene, sanitation or living conditions[2-4]. H. pylori infection is very common in India, where millions of adults are at risk for developing gastric inflammation, ulcers and carcinoma. World health organization has classified H. pylori as a group Ⅰ carcinogen with significant risk of gastric cancer[5]. So, in case of infection, eradication of H. pylori is the most effective treatment for H. pylori-associated diseases. Eradication of H. pylori infection by treatment with “Triple therapy” (TT), includes two anti-microbial agents (clarithromycin and amoxicillin or metronidazole) and a proton pump inhibitor, is recommended by several groups[6]. However, such multiple therapy regimens have not been very successful in clinical practice due to their misuse and side effects.

Increasing difficulties in the conventional triple-therapy due to antimicrobial resistance, incomplete cure, undesirable side effects, noncompliance among the patients, cost of the antibiotic regimens, and few other factors promote a critical need to develop new non-antibiotic antibacterial agents against H. pylori-infection that are highly effective, safe, have specific cellular targets and of course low cost[7,8]. Moreover, several studies using extracts of traditional medicinal plants from several parts of the world have reviewed the in vitro susceptibility of H. pylori demonstrating the prospect of finding a cure from natural sources[9]. 

Plant derived compounds have shown their potential as therapeutic and chemopreventive agents for many chronic illness such as cardiovascular, neurodegenerative and neoplastic diseases. Dietary components present in spices, nuts, vegetables and fruits have demonstrated significant potential to suppress carcinogenesis in in vitro, pre-clinical and clinical cancer models[10]. Polyphenols with effective anti-oxidant and anti-inflammatory properties can modulate important signaling molecules are of enormous pharmacological interest. Catechins in green tea, curcumin in turmeric, lycopene in tomatoes, resveratrol in grapes and red wine, quercetin in apple and onions to name a few have showed considerable anti-carcinogenesis potential in several organs (e.g., skin, liver, breast, lung, and prostate)[10]. Several reports have suggested curcumin’s anti-H. pylori effect. In this review, we have discussed the potential role of curcumin as an anti-H. pylori molecule both in vitro and in vivo along with its future perspective in view of pharmacological importance.

CURCUMIN: THE INDIAN SOLID GOLD DERIVED FROM TURMERIC PLANT

Curcumin is a key polyphenolic yellow pigment found in turmeric root. Turmeric is a rhizomatous plant (Curcuma longa Linn), a perennial member of Zingiberaceae family mostly grown in India and Southeast Asia[11]. Turmeric is commonly used as a spices/food coloring agent in India. Except its use in skin care product and as a dye in textile industry, turmeric have a wide variety of use in Ayurvedic medicine for centuries[12]. As a traditional medicine, turmeric has also been broadly used to treat a diversity of disorders including rheumatism, sprains, runny nose, skin diseases, wounds, diarrhea, dyspepsia, intermittent fevers, hepatic disorders, intestinal worms, biliousness, urinary discharges, Blood Sugar, inflammation, constipation, leukoderma, amenorrhoea and colic inflammation[13]. 

Alcoholic extracts of turmeric mainly contain three curcuminoids viz. curcumin (curcumin Ⅰ or diferuloylmethane), curcumin Ⅱ (desmethoxy​curcumin) and bisdesmethoxycurcumin (curcumin Ⅲ) (Figure 1). Although C. longa is the main source of curumin, it has also been reported from C. aromatica, C. phaecaulis, C. zedoaria, C. xanthorrhiza, C. mangga amongst more than 120 Curcuma plants identified so far[14]. Commercially available purified compound is also a mixture of curcumin Ⅰ (approximately 77%), curcumin Ⅱ (approximately 18%) and curcumin Ⅲ (approximately 5%).

Curcumin (diferuloylmethane), a poly-phenolic molecule, exists as a keto-enol tautomer with the enol isomer most likely the more stable in both solid and liquid state[15]. It is intensely yellow at acidic pH and red at basic pH. This lipophilic and sparingly water soluble molecule have two aromatic rings connected by two unsaturated carbonyl groups. The molecule is stabilized by hydrogen bond with the central hydroxyl group. This is thought to be an important functional site responsible for the property of free radical scavenger and the array of other biological activity[10,16]. It was a topic of long discussion whether the amount of curcumin in turmeric or curry powder is sufficient to show its biological activity. A study by Tayyem et al[17], estimated the amount of curcumin in a variety turmeric and curry powder by high performance liquid chromatography technique. They have found that pure turmeric contents the highest concentration of curcumin (3.14% w/w) and different commercial curry powder samples have relatively very small amount of curcumin[17].

Curcumin has been the subject of hundreds of published paper in more than last three decades which includes it’s anti-oxidant, anti-inflammatory, anti-carcinogenic and anti-microbial properties[18]. Knowing these properties of curcumin is the pre-requisite to better understand its anti-H. pylori effect. Moreover chemotherapeutic[19], chemo-preventive[19], hepato-protective, nephro-protective, thrombosis suppressing, hypoglycemic and anti-rheumatic effects of curcumin are also well established[18]. 

Anti-oxidant property 

Besides its important nature of donating hydrogen ions, curcuminoids also have a number of moieties (phenolic hydroxyl group, methoxy group and 1,3 -diketone) with a potential to neutralize reactive oxygen intermediates. Curcuminoids can undergo nucleophilic addition and imparts its anti-oxidant property by a various, complex mechanism. These free radical scavenging and anti-oxidant activity counteract with reactive oxygen and nitrogen species and thereby protects cells from oxidative damage. In alkaline pH, curcumin is less stable but its stability markedly increases in acidic pH. These explain why curcumin is stable within the gastrointestinal tract (pH 1 to 6)[15,20].

Oxidative stress and oxidative damage play important role in pathogenesis of many diseases, e.g., cardiovascular diseases, diabetes, neurodegenerative diseases and cancer etc. Curcuminoids have been shown to have the potential to scavenge free radical and attenuate free radical mediated lipid peroxidation in a number of experimental systems[21]. Besides its direct anti-oxidant property, curcumin may function indirectly as anti-oxidant by inhibiting the activity of inflammatory enzymes. 

Anti-inflammatory property

Curcumin is known for its remarkable anti-inflam​matory effect. Its anti-inflammatory property is comparable with the recognized steroidal and non-steroidal anti-inflammatory drugs, e.g., Indomethacin and Phenylbutazone which have dangerous side effects. For example, curcumin considerably inhibits carrageenan-induced paw edema in mice, acute lung injury of rats by cyclophosphamide and other inflammatory diseases (arthritis, ulcerative colitis or pancreatitis) in different animal models[12,22]. It’s anti-inflammatory mechanism is attributed through inhibition of inducible nitric ox​ide synthase (iNOS), Cycloxygenase-2 (COX-2), inhibition in production of pro-inflammatory cytokines [IL-1, IL-6, IL-8, IL-12, interferon  (IFN-), tumor necrosis factor- (TNF-) etc.], monocyte chemoattractant protein (MCP), migration inhibitory protein (MIP) and down regulation of mitogen activated and Janus kinases[11]. Menon and Sudheer[23] have nicely reviewed the anti-inflammatory property of curcumin. Several reports have indicated that curcumin not only inhibits prostaglandins it also inhibits lipoxigenase (LOX) activity. Inhibition of pro-inflammatory cytokines, COX-2 and iNOS are mainly mediated via suppression of transcription factor nuclear factor B (NF-B) and activating protein (AP-1). Down regulation of intercellular signaling proteins (e.g., protein kinase C) is another way in which curcumin inhibits production of pro-inflammatory cytokines[11]. This molecular mechanism finally inhibits cell proliferation, cell invasion and apoptosis causing suppression of carcinogenesis.

Anti-carcinogenic property

Curcumin is well known for its anti-carcinogenesis activity and plays important role in all stages of cancer. Inflammation and carcinogenesis are broadly interlinked. Inhibition of I-B kinase is required to inhibit potent inflammatory transcription factor NF-B which is also involved in progression of carcinogenesis. Curcumin has the potential to decrease matrix metalo-protease activity which is thought to be a prognostic marker of neoplasm[24]. In in vitro studies, where bioavailability is not an issue curcumin plays its role like a master manipulator. It inhibits important transcription factors and thereby decreases production of pro-inflammatory cytokines which leads to reduced inflammation and cell survival. Curcumin also effectively prevented its anti-cancer activity in animal models of oral, esophageal, stomach, duodenal and colon cancer[13]. Plenty of articles are available for anti-cancer activity of curcumin. in vitro, pre-clinical and clinical studies on anti-carcinogenic property of curcumin was thoroughly reviewed by Sharma et al[19]. 

Anti-microbial property

Curcumin can suppress the growth of a variety of parasite, bacteria and pathogenic fungi. It shows anti-microbial effect against Helicobacter pylori, Bacillus subtilis, Plasmodium falciparum etc[25]. In a study with chick infected with caecal parasite Eimera maxima showed that 1% dietary turmeric resulted in a decrease intestinal lesions and improved weight gain. Topically applied curcumin demonstrated its potential anti-microbial effect against either dermatophytes, pathogenic molds, or yeast in guinea pigs. Curcumin also possesses a pro-microbial effect against Leishmania and some species of Plasmodium[26].

WHY CURCUMIN SHOULD HAVE ANTI H. PYLORI EFFECT?

H. pylori upon adhering to the gastric epithelial cells, they inject their virulence factors by Type-Ⅳ secretion system. Those virulence factors then activate different signaling molecules to initiate a pro-inflammatory response. H. pylori induced generation of pro-oxidants and pro-inflammatory cytokines then causes apoptotic cell death which leads to gastric mucosal damage. In some cases this inflammation can also stimulate carcinogenesis which resulted into gastric carcinoma.

In search for a plant derived anti-H. pylori molecule one should obviously search for a compound which have anti-oxidant, anti-inflammatory, anti-carcinogenic and pro-apoptotic properties. The Indian solid gold “Curcumin” have all these properties and that’s why it is a fairly studied compound in H. pylori infection in last two decades. Literature suggests that curcumin is a highly pleiotropic molecule and able to interact with numerous molecular targets associated with inflammation[11]. Curcumin was found to have an astonishing power in anti-inflammatory response. The natural anti-inflammatory activity of curcumin is at par with steroidal drugs and non-steroidal drugs (e.g., indomethacin and phenylbutazone) which have harmful side effects. Its anti-inflammatory property mediated through the inhibition of COX-2, LOX, iNOS and production of cytokines such as IFN- and TNF- and activation of transcription factors like NF-B, and AP-1. Therefore, agents that interfere signaling pathways involved COX-2 transcription should also reduce inflammation and subsequently tumorigenesis. Further study suggests that arachidonic acid metabolites derived from LOX pathways plays a significant role in signal transduction related to growth. This implies that intervention of these pathways should be useful for arresting cancer progression. Curcumin also showed strong anti-oxidant and anti-cancer properties through regulating the expression of genes that require the activation of activator protein (AP1) and NF-B. Suppression of TNF by curcumin led to inhibition of NF-B and cell proliferation, as was the case when TNF secretion was neutralized using anti-TNF antibody[23]. As inflammation is closely linked to tumor promotion, curcumin with its potent anti-inflammatory property is anticipated to exert chemopreventive effects on carcinogenesis. Anti-inflammatory mechanisms implicated in the anti-carcinogenic potential of curcumin includes: (1) inhibition of NF-B and COX-2 (increased COX-2 level is associated with many types of cancer); (2) inhibition of arachidonic acid metabolism via lipoxygenase and scavenging of free radicals generated in this pathway; (3) decreased expression of inflammatory cytokines e.g., IL-1, IL-6, and TNF-, resulting in inhibition cancer cells growth; and (4) down regulation of enzymes for instance protein kinase C that mediate inflammation and tumor-cell proliferation[11].

The anti-inflammatory property of curcumin hinders carcinogenesis by inhibiting it’s all three stages e.g., initiation, promotion and progression, as documented by animal research. During initiation and promotion curcumin shows many of its activities. It starts modulating transcription factors controlling phaseⅠ and Ⅱ detoxification of carcinogens; scavenges free radicals and thereby free radical mediated transcription factors, down regulates pro-inflammatory cytokines and arachidonic metabolism (via COX and LOX pathways). At promotion and progression stages curcumin induces apoptosis via suppression of NF-B and AP-1 transcription factors and thereby decreases the frequency and size of many types of tumors[11].

Irving et al[15] adequately described the signaling pathways which are modulated by curcumin to initiate apoptosis. Some properties of curcumin that helps to recognize it’s anti-H. pylori effect are pro-apoptotic, prevention of angiogenesis, proliferation and metastasis. Caspase activation or p53 signalling ultimately induces apoptosis. Curcumin a potent stimulator of caspase-3, can also increase the activation of caspase-7, 8 and releases cytochrome-C[27]. It increases p21 expression in response to DNA damage and induces p53 driven apoptosis[28,29]. Curcumin has direct anti-angiogenic activity in vitro and in vivo[30] by inhibiting growth factors, growth factor receptors or by modification of inflammatory mediators associated with neovascularisation. Curcumin suppresses cell proliferation in colorectal cancer by inhibiting TNF-induced NF-B-dependent gene products (COX-2, cyclin- D, c-myc)[31]. It also inhibits NF-B along with other important proteins e.g., matrix metalloproteinase 9 (MMP-9), vascular endothelial growth factor (VEGF) and intra-cellular adhesion molecule 1 (ICAM-1) which are associated with proliferation, adhesion and metastasis[15].

Several studies have demonstrated that H. pylori-infection induces the secretion of MMPs from a range of gastric cells in vivo as well as in cultured cells, which in turn contribute to the pathogenesis of gastric ulcer and gastric cancer. Docking analysis has confirmed that curcumin derivatives have the potential to interact with MMPs[32]. So, it is assumed that curcumin should have immense beneficial effect in H. pylori induced gastric pathogenesis.

CURCUMIN IN GASTROINTESTINAL DISEASES

Due to easy administration through oral route or relatively fair bioavailablity, curcumin has widely been studied in different gastrointestinal aliments. Its anti-inflammatory property was studied from microbial gastric infection, inflammatory disease and several gastrointestinal cancers[11,33]. Curcumin has been proved to be effective in many gastrointestinal diseases, e.g., irritable bowel syndrome (IBS), dyspepsia, gastric ulcer, pancreatitis[34], ulcerative colitis and gastrointestinal cancers.

It is established that low grade inflammation is responsible for symptoms, e.g., bloating, abdominal pain, flatulence, irregular bowl movement in IBS. In a pilot study with IBS patients, standard curcumin extract reduced the symptoms in 60% patients[11]. Prucksunand et al[35] in a phase Ⅱ clinical trial have evaluated the effectiveness or healing property of turmeric (Curcuma longa) in patients with dyspepsia and peptic ulcer. Patients who have no detectable ulceration but have symptoms e.g., erosions, gastritis, and dyspepsia were treated with turmeric (600 mg curcumin five times daily before meals). Curcumin treatment up to 2 wk improves the symptoms. Patients with endoscopically diagnosed ulceration were treated up to 12 wk and a gradual improvement was observed depending upon the severity in almost 76% cases[35].

Curcumin is also found to be effective in decreasing inflammatory mediators in ethanol induced or non-ethanol (cerulein) induced Rat pancreatitis model. In 1,4,6-trinitrobenzene sulphonic acid (TNBS) induced mice colitis model, curcumin was found to decrease mucosal injury. Pre-treatment of curcumin in mice before TNBS induced colitis resulted in to a significant inhibition of diarrhea, better colonic architecture, significantly reduced neutrophil infiltration and lipid peroxidation in colonic tissue[34]. 

Inflammation in directly linked with tumorigenesis. Curcumin causes inhibition of NF-B pathway and thereby reduces inflammation. Other molecules which thought to be responsible in gastric tumorigenesis are rho effectors rhotekin (RTKN) and NF-B are also inhibited by curcumin. p21-activated kinase 1 (PAK1) and different cell cycle regulators which can cause rapid proliferation are also found to be reduced with curcumin treatment in different gastric carcinoma cell line[33]. Curcumin and its analogues were well studied with Intestinal cancers both in animal models as well as in cell lines. Treatment of HCT-116 colon tumor-bearing mice with curcumin resulted in reduced tumor[36]. In case of pancreatic cancer, curcumin was found to be a good alternate anti-tumor agent alone or in combination with other drugs. Treatment with polymeric nanoparticle-encapsulated curcumin blocked tumor growth and metastasis in xenograft models of pancreatic cancer and liposomal curcumin diminish the tumor growth in cultured pancreatic cancer cells as well as subcutaneous xenografts[33]. A number of in vitro and in vivo studies with different cancers whether it is gastrointestinal or other system indicates curcumin can modulate multiple cellular signalling molecules and thereby proved it’s immense therapeutic value[37].

CURCUMIN AND ANTI-H. PYLORI EFFECT

From long before it is anticipated that curcumin which is a potent anti-inflammatory and anti-carcinogenic molecule should have anti-H. pylori effect (as the reasons discussed above). First report on direct anti-H. pylori effect came in the year of 2002[38]. Subsequently, ex vivo, in vivo and even clinical trials have been completed to establish curcumin as a potential the​rapeutic candidate against H. pylori infections (Table 1 and Figure 2)[7,8,38-47].

In vitro studies

Considering the strong association of H. pylori and gastric cancer the authors of the study by Mahady et al[38] hypothesized that curcumin may exerts its chemopreventive activity by directly inhibiting H. pylori. They have showed that both curcumin and methanolic extract of turmeric rhizome inhibited the growth of 19 different strains of H. pylori (including cag positive isolates). MIC50 and MIC90 of the turmeric rhizome extract were 12.5 g/mL and 25 g/mL respectively where as curcumin at a concentration of 12.5 g/mL inhibited 100% growth of all strains with a MIC range from 6.25-12.5 g/mL. Later, a study by our group with a large number of clinical isolates (n = 65) was also found to be in agreement with regard to MIC result. We have reported that MIC of curcumin ranged from 5 g/mL to 50 g/mL and the majority of the strains (81%) showed a MIC of either 10 g/mL (23%) or 15 g/mL (58%)[7]. To understand the reason of this wide range in sensitivity, we have examined sequence uniformity of aroE gene encoding sikimate dehydrogenase (SDH) of H. pylori which is involved in shikimate pathway known to play crucial role in developing non-toxic antimicrobial agents. Although curcumin is a potent inhibitor of SDH, we were unable to establish any correlation in between aroE sequence and MIC of curcumin towards H. pylori. These results clearly confirmed that curcumin acts as a potent growth inhibitor for Indian H. pylori strains irrespective of different genetic makeup and disease status[7]. 

In vitro co-culture and in vivo studies

The mouse model of H. pylori infection has been extensively used in investigations of host responses to H. pylori infection as well as in eradication studies. In our study, we have shown that curcumin treatment completely eradicated H. pylori from infected mouse stomach. This eradication by curcumin was irrespective of the bacterial genotype, which is independent of the presence of the cag PAI. Histological analysis clearly showed that curcumin is remarkably effective in repairing damaged tissue. Our microscopical observations revealed substantial damage in the mouse gastric tissues infected with H. pylori in comparison to the control. Intact epithelial layer and glandular cells with continuous gastric pits in control gastric mucosa have damaged by denudation of the surface epithelial layer in H. pylori an infected mouse gastric tissue which was almost restored to normal upon treatment with curcumin. Inflammation in the gastric pit cells of infected tissue was significantly reduced by curcumin treatment. Disruption of sub​mucosal, muscularis mucosal layers and Glandular atrophy of infected mouse gastric tissues was also considerably recovered by curcumin treatment. Negligible inflammatory cells in the control tissue infiltered more in the submucosal region of H. pylori-infected mouse gastric tissues and was prevented to a significant degree in curcumin-treated mice[7]. Hence, these results pointed towards that high efficacy of curcumin in healing the overall damage caused by H. pylori infection. These observations not only indicate the therapeutic potential of curcumin against H. pylori infections but also highlight the anti-inflammatory effect of curcumin and also draw our attention to its potential as an alternative therapy against H. pylori infection[7].

Effect on MMPs

MMPs are a family of various zinc dependant endo​peptidases that have wide substrate specificity and play a critical role in a variety of physiological processes including tissue inflammatory processes, remodeling, wound repair and organ development. Among them, gelatinases (MMP-2 and MMP-9) and stromelysin-1 (MMP-3) collectively cleave gelatins (types Ⅰ and Ⅴ), collagens (type Ⅳ, Ⅴ, Ⅶ, Ⅸ and Ⅹ), elastin, fibronectin, laminin and proteoglycan core proteins[8]. Apart from curcumin’s antioxidant, anti-inflammatory, anti-microbial and anti-carcinogenic properties, it has been shown to target a number of molecules like cytokines, growth factors, transcription factors and enzymes including MMPs, that are involved in the etiology of diverse diseases[32]. Several studies have demonstrated that H. pylori-infection induces the secretion of MMPs from a variety of gastric cells in vivo as well as in cultured cells, which in turn contributes to the pathogenesis of gastric ulcer and gastric cancer[8].

Since MMP-3 and -9 play a critical role in gastric ECM degradation during H. pylori induced patho​genesis, and are associated with various carcinomas including gastric cancer, attenuation of their increased secretion and synthesis is crucial for restoration of the gastric damage caused by H. pylori infection. In our recent study, we have tested the effect of curcumin on the activity of MMP-3 and -9 during protection against H. pylori infection in cultured cells and mice. We have also compared the efficiency of curcumin and conventional TT in stabilizing the balance between MMPs and its inhibitor[8]. It was the first report where we have confirmed that curcumin dose dependently suppressed the increased secretion of MMP-3 and MMP-9 in H. pylori infection. The more interesting part was that secreted MMP-3 and -9 were inhibited 90% by curcumin while 50% by TT and antibiotic alone. We demonstrate that curcumin, apart from eradication of H. pylori strains from infected mice, regulated the expressions and activities of MMP-3 and -9 in the gastric tissues. Furthermore, curcumin was highly effective in restoring the denudation of epithelial region, disruption in gastric mucosal layer and infiltration of inflammatory cells that occurred due to H. pylori infection in mouse gastric tissues. Curcumin is more effective than TT in restabilizing the altered balance between MMPs and TIMPs during protection against H. pylori-infection. This curcumin mediated down regulation of MMP-3 and -9 levels in H. pylori-infected mice and cultured cells suggest its immense therapeutic potential against H. pylori associated gastrointestinal diseases.

Effect on NF-B signaling and inflammation

NF-B plays an essential role in regulating human immune response. It is normally present as a cytosolic-inactive form, and upon stimulation by a huge varity of pathogenic agents (bacterial, viral or others), inflammatory cytokines, UV or -irradiation, NF-B is activated. Those stimulants help phosphorylation and ubiquitination of the inhibitory subunit IB, which leads to the release of NF-B dimer. Released NF-B dimer then rapidly translocates into the nucleus, where it activates transcription of target genes e.g., IL-1, IL-6, IL-8, TNF- as well as other cytokines, IFNs, cell adhesion molecules and hemopoietic growth factors[39]. NF-B is known to be inhibited by many anti-oxidants[48] and therefore, curcumin which have a strong anti-oxidant property can be considered as an inhibitor of this nuclear factor in H. pylori infection.

Münzenmaier et al[39] first reported the activation of NF-B by H. pylori infection in gastric epithelial cells. They have demonstrated that ability to produce IL-8 by a variety of H. pylori strains correlates with the activation of NF-B. IL-8 production requires NF-B activation, and prevention by the anti-oxidant curcumin leads to suppression of cytokine production. Unlike many Gram-negative bacteria H. pylori does not use LPS to activate NF-B, instead they use a secreted bacterial product[39].

Later, Foryst-Ludwig et al[40] described how curcumin blocks NF-B and thus reduces gastric inflammatory response. Curcumin, a known inhibitor of AP-1, blocks the synthesis of H. pylori induced IL-8 production and inhibited the H. pylori-induced cell scattering in the gastric epithelial cells. Cucumin have the ability to reduce v-Src activity which might prevent Phosphorylation of cytotoxicity associated immunodominant antigen (CagA)[40]. The phenomenon of curcumin’s effect on inhibition of NF-B and alleviating inflammatory response was also found to be effective in rat model of H. pylori infection[45]. Authors in that study have also described that supplementation of curcumin helped in suppression of macromolecular leakage. In a very recent study with mouse model also corroborate that curcumin treatment exerted a significant anti-inflammatory response in gastric mucosa. In treatment group, no sign of inflammation and decreased expression of different inflammatory mediators were demonstrated by histology[47]. H. pylori induced activation of signaling molecules e.g., mitogen-activated protein kinases (MAPK), extracellular signal-regulated kinases (ERK1/2) and p38 are not inhibited by curcumin[26] but inhibition potential of NF-B and cell scattering justifies therapeutic properties of curcumin in H. pylori-associated stomach ailments[40].

Effect on activation induced cytidine deaminase 

Activation induced cytidine deaminase (AICD) is an enzyme encoded by aicd gene in human which creates mutations in DNA by deamination of cytosine base by turning it into uracil. This also creates immune diversity by inducing somatic hypermutations and class-switch recombinations in human immunoglobulin genes. By somatic mutation in several host genome of nonlymphoid tissues like TP53 tumor suppressor gene it can cause tumorigenesis[43]. An unusual expression of AICD in H. pylori infected gastric epithelial cells is induced by NF-B[49]. NF-B-regulated gene products e.g., AICD, have found to be been closely associated with H. pylori-induced gastric carcinogenesis. Therefore, agents that inhibits NF-B pathway might have potential in preventing H. pylori-related tumorogenesis[43]. Study by Zaidi et al[43] tested the effect of curcumin on the expression of AICD in H. pylori-infected gastric epithelial cells and the role of NF-B. They have demonstrated, low concentration of curcumin down regulates H. pylori induced AICD expression possibly by inhibiting NF-B pathway in MKN-45 cells. Consequently, this study also suggested that curcumin can serve as potentially alternative treatment option. 

TREATMENT OUTCOME IN PATIENTS WITH H. PYLORI INFECTION

A number of in vitro (direct and with cell line infection) and in vivo (mouse and rat) studies (as described above) have encouraged some investigators to examine further in a group of patients with H. pylori induced gastric aliments. Di Mario et al[42] have carried out first human trial of curcumin based therapy in a group of 25 patients with functional dyspepsia and H. pylori infection. Patients were treated with curcumin, other anti-oxidants and proton pump inhibitor for 7 d. Two months after treatment completion, it was found that only 3 out of 25 patients were cured from H. pylori infection. In rest of the cases, despite the persistence of H. pylori, a significant improvement of dyspeptic symptoms and decrease in serological parameters of gastric inflammation were demonstrated. In another study, 36 clinically confirmed H. pylori infected chronic gastritis patients were randomly assigned in two groups to receive either OAM (Omeprazole, Amoxicillin and Metronidazole) or course of curcumin[44]. In that study, patients who were randomly assigned OAM group were significantly more efficient in eradication of H. pylori than curcumin (78.9% vs 5.9%). A significant decrease in IL-8 mRNA was observed in OAM group but no changes in other cytokines were found. On the other hand no decrease in cytokine production was found with curcumin treatment[44]. From the above discussion it is understandable that although curcumin was found highly effective in in vitro and animal study, some contradictory and less effective results were reported in patients with H. pylori infection. This low efficacy could be due to less solubility and bioavailability of curcumin in human. Further studies are needed to understand the toxicity and bioavailability of curcumin in greater details along with the search for appropriate steps to have more safe and bio-available drug.

Toxicity

It is always essential to carefully evaluate the toxicity of any compound in preclinical and early clinical studies. We can’t assume plant derived product which have been continuously in dietary use will be always harmless, as the doses may exceed or the formulation could differ. Early studies in rat model have demonstrated no significant toxicity at doses upto 5 g/kg body weight (BW) when given orally[50]. The safety issues have been lucidly elaborated in a review “Curcumin: The story so far” by Sharma et al[19]. One more organized pre-clinical study by prevention division of National Cancer Institute (NCI, US) did not find any side effects/toxicity in rat, dogs or monkeys using the doses upto 3.5 g/kg BW for 3 mo. Although, some infrequent adverse reactions (e.g., gastrointestinal upset or ulcerogenic response) reported were either spontaneously healed or not confirmed by subsequent studies. Some NCI reports confirmed this gastrointestinal disturbances in patients with different curcumin doses (0.45-3.6 g/d)[19]. Conversely, in another study where patients with advanced colorectal cancer were treated with curcumin upto a dose of 3.6 g daily for 4 mo and found to be well tolerated[51]. Moreover, three different phase Ⅰ clinical trials showed that curcumin is extremely safe and well tolerated at very high doses (12 g/d)[18]. This pharmacological safety and potential efficacy have prompted inves​tigators for further analysis.

Pharmacokinetics, bioavailability and problems

Even though the toxicity study of curcumin assures an immense possibility for treatment and prevention of a variety of diseases, the relatively low bioavailability of curcumin is the main difficulty in drug development. The bioavailability depends on absorption, metabolism, tissue distribution and excretion of that compound. Studies over the past few decades have established that curcumin undergoes poor absorption, fast meta​bolism and rapid clearance which severely reduced it’s bioavailability. Early study by Wahlstrom et al[50] showed that almost 75% of the dose (1 g/kg BW) was excreted in the faeces of rats and proved that curcumin is poorly absorbed in the gut. 

A study of oral curcumin administration (400 mg) to rats demonstrated 60% absorption of curcumin, absence of any traces in heart blood and as a small amount (less than 5 g/mL) was found in portal blood[52]. Same investigators, using tritiated curcumin showed majority of the oral dose being excreted in faeces, including one-third dose was excreted unchanged[53]. Pharmacokinetics of curcumin was also studied in mice either orally or intraperitonealy (ip) by Pan et al[54]. With oral administration of 1 g/kg of curcumin, low plasma level (0.22 g/mL) was obtained at 1 h which was declined below the detection limit as soon as after 6 h. Although some studies have reported different results but all are in agreement that curcumin exhibits low bioavailability. In rodents it undergoes intestinal metabolism and excreted rapidly[18]. Result from pilot studies and phase Ⅰ clinical trial confirmed first-pass and some degree of intestinal metabolism of curcumin, specially glucuronidation and sulphation, which explain curcumin’s low bioavailability[19]. The liver and intestinal mucosa were found to be the major organs responsible for metabolism of curcumin. Tissue distribution studies for curcumin showed its better accumulation in the intestine, liver, and colon and might be the most important cause why its most promising in vivo effects have been found in gastrointestinal diseases when compared with other organ systems[33]. H. pylori mediated gastrointestinal ailments can be treated with curcumin and the above phenomenon is the rationale behind its potential. 

Effort to manage the bioavailability issue
Various classical techniques e.g., heat, pH, and complexations with metal ions, polymers or serum have been applied for enhancement of curcumin solubility and efficacy. It has been claimed that the solubility of curcumin can be increased by 12 fold by the use of heat[55]. Some novel approaches to overcome curcumin’s less bioavailability are adjuvants (which can block metabolic pathway of curcumin), effective delivery system e.g., phospholipid complexes, liposomes, micelles, and nanoparticles.

Use of adjuvants

An adjuvant is a compound that enhances an existing medical regimen, as a pharmacological agent added to a drug to increase or aid its effect. Glucuronidation of curcumin is known to cease its effect. Metabolic conversation of curcumin can be inhibited by an adjuvant Piperine, a known inhibitor of hepatic and intestinal glucuronidation. Concomitant use of curcumin with piperine increased the bioavailability of curcumin by 154% in rats and 2000% in human volunteers[56]. Other adjuvants which showed synergistic effect when used in combination with curcumin are quercetin[57], genistein[58] and Eugenol/terpeneol[59]. 

Derivatives and analogues

Structure of curcumin plays crucial role in determining its biological activity. As a result, several attempts have been made using curcumin derivatives/analogue with a number of achievements. EF-24, a curcumin analogue, was reported to be a lead compound presenting increased anti-tumor activity both in vitro and in vivo in comparison to curcumin[60] and less toxic[61]. EF-24 showed its higher bioavailability than curcumin of 60% and 35% with oral and ip respectively[18]. A review[18] from a well known group, working with curcumin’s biochemical property, has lucidly explained different reports where investigators have studied different complexes of curcumin (e.g., copper, boron, manganese, vanadyl, indium and gallium complexes). Lead complexes may be tested for anti-H. pylori effect.

Phospholipid complexes, liposomes and micelles

Curcumin phospholipid complexes exhibited better bioavailability, pharmacokinetics and hepato-protective property than free curcumin as describes by several researchers[32]. In a study with rat model of oral admi​nistration, curcumin phospholipid complex showed 1.5-fold more half-life over free cucumin[62]. A threefold high aqueous solubility and better efficacy in rat model was reported by Maiti et al[63].

Some important delivery system e.g., liposomes and micelles are also effectively used to study effect of curcumin. Liposomes are known drug delivery system due to the property of carrying both hydrophilic and hydrophobic molecules. Li et al[64] demonstrated that liposomal curcumin inhibits the growth of human pancreatic carcinoma cells and tumor angiogenic properties. Several other studies have reported the efficacy of liposomal curcumin in colorectal cancer or lymphoma cells but a controlled in vivo study is essential to check the effect of its bioavailability. On the other hand, use of micelles increases the solubility of curcumin in a number of systems. Letchford et al[65], showed a stiff increase in curcumin solubility using a polymeric micelle. Micelles inhibited curcumin uptake by liver/spleen, and also increased the distribution of curcumin in the other organs (e.g., lung and brain)[66].

Use of nanoparticles

Recently use of nanoparticle has been come out as a possible solution of compounds with compromised bioavailability. Nanoparticle-based delivery systems will most likely be appropriate for very hydrophobic agents like curcumin evading the drawbacks of poor aqueous solubility. Nanocurcumin has found to have more anti-inflammatory property and gives more protection to oxidative stress and apoptosis[67-69]. Main aim for using nanocarcumin is to have more dispersed and available curcumin in aqueous solution[70,71]. Use of nanocurcumin in different cancers is now a matter of regular discussion due to its better efficacy than native curcumin[67,72]. Oral bioavailability has been increased by 9 fold with nano-delivery system than piperine adjuvant administration. PLGA (polylactic-co-glycolic acid) nano formulation of curcumin have shown increased bioavailability upto 22 fold in rat model than free curcumin[73]. Better efficacy and solubility was described in a number of cancer cells and pre-clinical studies[74] but yet to analyze in H. pylori infection.

CONCLUSION

In different model systems and pre-clinical trials, curcumin has been widely studied for the treatment of various cancers; amongst them gastrointestinal cancer is mostly highlighted[13,75]. Considering the strong association between gastric cancer and H. pylori infection, different investigators in the world have examined the effect of curcumin in last two decades. Although we have got some beneficial to more promising results, still the use of curcumin in this bacterial infection is not in practice. Curcumin showed its potential mostly in in vitro studies or in small animals[7,8,38,39]. Long-term in vivo or pre-clinical studies are either very less or not that much effective[42]. Low solubility, poor absorption and less bioavailability are probably the key reasons for this ineffectiveness. Since curcumin have efficient anti-H. pylori effect, cheap and easily available in developing countries like India, additional studies are necessary, with large number of subjects to establish curcumin as an easy therapeutic solution for a potentially complicated infections.

Mostly studied and capable promising curcumin complexes (e.g., EF-24, phospholipid complexes, nano-formulations, use of adjuvants, micelles or liposomes) should be examined with regards to anti-H. pylori effect in a stepwise manner from in vitro to in vivo studies up to pre-clinical trials. This well controlled and organized research will help to identify the appropriate derivative or analogue of curcumin which can be effectively used in H. pylori infection. Future studies will elucidate more critical signaling molecules involved in H. pylori infection and better analyze the role of curcumin. This understanding along with progress in personal genome based risk analysis may help us to select appropriate curcumin formulation for particular patient populations. We can hope that in near future curcumin, either alone or in combination with other anti-microbial, could be considered as a potential chemopreventive agent against H. pylori-induced gastric carcinogenesis.
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Figure 1  Structure of curcuminoids: Curcumin Ⅰ, Ⅱ and Ⅲ. Adapted from Park et al[75]. New perspectives of curcumin in cancer prevention.
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Figure 2  Role of curcumin in Helicobacter pylori infection. Important properties of curcumin which probably helps host cells in H. pylori infection are anti-oxidant, anti-inflammatory and anti-carcinogenic. Other than its direct anti-H. pylori effect (anti-microbial) curcumin inhibits H. pylori induced NF-B, AICD, IL-8, MMP-3 and MMP-9 in host epithelial cells and thereby protects from inflammatory response (may sometime leads to host cell apoptosis). MMPs: Matrix metalloproteinases; IL: Interleukin; H. pylori: Helicobacter pylori; NF-B: Nuclear factor-B; AICD: Activation induced cytidine deaminase.
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Table 1  Anti-Helicobacter pylori effect of curcumin


Year of report


�
Model of the study


�
Concentration/doses used


�
Observations and conclusion


�
Ref.


�
�
1997


�
In vitro co-culture


�
20 mol/L


�
Demonstrates H. pylori mediated inflammation or IL-8 secretion requires NF-B activation. Anti-oxidant curcumin can inhibit NF-B activation and thereby IL-8 secretion. NF-B activation requires a secreted H. pylori product, which is not secreted by strains mutated in picB/cagE (putative transport protein)


�
[39]


�
�
2002


�
In vitro


�
0.78-100 g/mL


�
Methanol extract of turmeric rhizome and curcumin, both have the MIC within 6.25-50 g/mL and more effective against cag (+ve) strains


�
[38]


�
�
2004


�
In vitro co-culture


�
Up to 80 mol/L


�
H. pylori-induced NF-B activation and subsequent IL-8 induction and mitogenic response (cell scattering) are inhibited by curcumin. It can inhibit IB degradation, activity of IB kinases (IKK and ) and NF-B DNA-binding but cannot suppress mitogen-activated protein kinases (P38MAPK or ERK1/2)


�
[40]


�
�
2006


�
In vitro


�
16 g/mL


�
Curcumin inhibited H. pylori shikimate dehydrogenase with an IC50 values of 15.4 mol/L. Curcumin also found to inhibit the growth of H. pylori with MIC at 16 g/mL


�
[41]


�
�
2007


�
Pre-clinical trial with 25 H. pylori infected patients


�
Curcumin 30 mg b.i.d. for 7 d


�
Found to be not effective in eradicating H. pylori infection. However, despite the presence of bacterium, a significant improvement of dyspeptic symptoms and reduction of serologic signs of gastric inflammation were observed after 2 mo completion of treatment


�
[42]


�
�
2009


�
In vitro and in vivo mice model


�
5-50 g/mL and 25 mg/kg BW (once daily for 7 d) respectively


�
Potential In vitro anti-H. pylori effect of curcumin re-established, which was irrespective of the genetic makeup of the strains used. Although due to less bioavailability, curcumin’s minimal inhibitory concentration In vitro is high (most strains are within 10-30 g/mL range), but still showed its efficiency in eradicating H. pylori from infected mice along with restoration of H. pylori induced gastric damage. This study also showed that curcumin-mediated inhibition of H. pylori growth possibly not associated on shikimate pathway


�
[7]


�
�
2009


�
In vitro co-culture


�
5 and 10 mol/L


�
Non-bactericidal concentration of curcumin failed to inhibit adhesion of H. pylori to epithelial cells but down-regulated H. pylori-induced activation induced cytidine deaminase (AICD, an enzyme which may cause tumorigenesis) expression possibly via inhibition of NF-B pathway


�
[43]


�
�
2010


�
Pre-clinical trial with 36 H. pylori infected patients


�
700 mg orally three times a day for 4 wk


�
H. pylori eradication rate with curcumin (5.9%) was very poor against conventional triple therapy (78.9%). Triple therapy significantly decreases IL-8 expression but no inhibition was observed in curcumin group


�
[44]


�
�
2010


�
In vivo rat model


�
200 or 600 mg/kg BW


�
Curcumin supplementation exhibits its anti-inflammatory effect by decreasing macromolecular leakage through the suppression of NF-B p65 expression in gastric epithelium. Curcumin reduces the H. pylori induced gastric inflammation in rat model


�
[45]


�
�
2011


�
In vitro co-culture and in vivo mice model


�
60 mol/L and 25 mg/kg or 50 mg/kg BW (once daily for 7 d) respectively


�
Elevated levels of MMP-3 and -9 in cultured cells or gastric tissues of mice due to H. pylori infections are inhibited by curcumin. Curcumin is more efficient in re-stabilizing the distorted balance between MMPs and TIMPs than triple therapy, suggests curcumin’s immense therapeutic potential


�
[8]


�
�
2014


�
Bioinformatics tools/software based analysis


�
Mucoadhesive microspheres of curcumin


�
Purpose was to develop and characterize mucoadhesive microspheres of curcumin for treatment of H. pylori mediated gastric aliments. Drug release was found to be slower than free curcumin. Prolonged stomach residence of this molecule is expected to completely eradicate H. pylori infection with other anti-microbials


�
[46]


�
�
2015


�
In vivo mice model


�
500 mg/kg three times a week, for 6 and 18 wk


�
Curcumin treatment exhibited a significant anti-inflammatory role in H. pylori-infected gastric mucosa. Inflammatory mediators (cytokines, chemokines, toll-like receptors and MyD88) which are up regulated with H. pylori infection, has been decreased with curcumin. No sign of inflammation was observed in curcumin treated group


�
[47]


�
�
MMPs: Matrix metalloproteinases; H. pylori: Helicobacter pylori; NF-B: Nuclear factor-B; BW: Body weight.























