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ABSTRACT 

Crohn’s disease and ulcerative colitis are the two most common categories of 

inflammatory bowel disease (IBD), which are characterized by chronic inflammation of 

the intestine that comprises the patients’ life quality and requires sustained 

pharmacological and surgical treatments. Since their aetiology is not completely 

understood, non-fully efficient drugs have been developed and those that show 

effectiveness are not devoid of quite important adverse effects that impair their long 

term use. Therefore, many patients try with some botanical drugs, which are related safe 

and efficient after many years of use. However, it is necessary to properly evaluate these 

therapies to consider a new strategy for human IBD. In this report we have reviewed the 

main botanical drugs that have been assesed in clinical trials in human IBD, and the 

mechanisms and the active compounds proposed for their beneficial effects.   
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INTRODUCTION 

Inflammatory bowel disease (IBD) is a chronic gastrointestinal inflammatory disorder 

characterized by alternating relapses and remissions. The two most common types of 

IBD are Crohn’s disease (CD) and ulcerative colitis (UC), which are characterized by 

exacerbated uncontrolled intestinal inflammation that contributes to worsen the life 

quality of the patients and require prolonged medical and/or surgical interventions. The 

inflammation associated with CD can discontinuously affect all the gastrointestinal 

tract, from the mouth to the anus but it is more often localized to the distal small bowel 

and/or colon. Samples of inflamed bowel obtained from patients with active CD shows 

transmural inflammation with an important accumulation of acute and chronic 

inflammatory cells within the mucosa, submucosa and muscularis propia.  On the other 

hand, UC is characterized by a non-transmural inflammation, just localized within the 

rectum and the large bowel. Typically, the inflammation is restricted to the mucosa and 

submucosa, with cryptitis and crypt abscesses, although the inflammatory cell 

composition is similar to CD. The clinical presentation in these intestinal conditions 

mostly depends on disease location and is characterized by diarrhoea, abdominal pain, 

fever, bowel obstruction, passage of blood and/or mucus [1,2]. Unfortunately, the 

aetiology of IBD is not fully understood [3], although there is a general agreement that 

IBD is the result of a complex combination of four main factors: multiple genetic 

variations, alterations in the composition of the intestinal microbiota, changes in the 

surrounding environment and over-reactivity of the intestinal mucosal immune response 

[4]. Thus, genetically susceptible patients build up an exagerated and uncontrolled 

immune response in the gastrointestinal tract towards an altered intestinal microbiota 

that turns into a chronic intestinal inflammation. Similarly to other inflammatory 

conditions, a broad spectrum of inflammatory mediators is responsible of the 



pathophysiology of IBD, including cytokines, chemokines, leukotrienes and 

prostaglandins, together with reactive oxygen and nitrogen species.  Their synthesis and 

release are severely altered; which participate in the different phases of the 

inflammatory process that take place in the gut [5]. 

Considering all the above, IBD treatment pursues two clear goals: firstly, to promote the 

symptom remission during the acute flare; and secondly, to maintain the remission and 

control the chronic inflammation to prevent or hold up the reactivation of the intestinal 

inflammatory process. It is evident that suppression of the exaggerated immune 

response is crucial for the management of IBD patients. Actually, this is the major aim 

of the pharmacological therapy, which includes aminosalicylates (sulfasalizine or 

mesalazine), immunosuppressants (glucocorticoids, azathioprine, metothrexate, and 

cyclosporine A), and biologicals (infliximab or adalimumab) [6]. Nevertheless and 

despite the efficacy shown by these drugs, the important rate of side effects may even 

limit their necessary long-term use [7]. Therefore, the development of new therapies 

that combine efficacy and safety in human IBD therapy is a needed.  

In this regard, the use of alternative therapies has emerged as a common approach in 

gastrointestinal diseases [8]; actually, a study described that almost half of IBD patients 

have ever taken or currently use complementary remedies [9]. Different factors may 

contribute to this situation, including the lack of a complete response to standard 

therapy, the general feeling about a better safety profile of traditional remedies, in 

combination with the appreciation of an improved control of their disease [10-12]. 

There are many different types of alternative and/or complementary therapies, but the 

botanical drugs are there components are especially relevant for the treatment of the 

intestinal inflammation [13]. This can be mainly related to their safety, since they have 

been taken from ancient times, in addition to with their reputed efficacy, most probably 



due to the presence of different active components that can concurrently target several 

pathways or mediators of the inflammatory response. However, most of these uses have 

an empirical basis, and in consequence, it is necessary to proper evaluate these botanical 

drugs to consider them as an adequate strategy to the treat IBD. 

The aim of the present review is to provide scientific arguments that would support the 

use of medicinal plants as alternative and/or complementary therapy in human IBD. For 

this purpose, we have focused our attention on those botanical drugs evaluated in 

human IBD by clinical trials, most of them based on preclinical studies performed in 

experimental models of colitis. In addition, the mechanisms that may be involved in 

their intestinal anti-inflammatory effects will be analysed, as well as the main 

components that can account for the reputed beneficial effects, with a special 

consideration to polyphenols, including flavonoids, phenylpropanoids, stilbenes, among 

others. In fact, these compounds have been well characterized by their antioxidant 

properties that may prevent the damage caused by reactive oxygen and nitrogen species 

[14], which have been proposed to key for the pathogenesis of these intestinal diseases 

[15]. 

 

CELLULAR AND MOLECULAR MECHANISMS INVOLVED IN THE 

INFLAMMATORY RESPONSE IN THE INTESTINE (Figure 1). 

The physical barrier of the intestinal epithelium is complemented by a well evolved 

mucosal innate immune system, which is poised to defend against pathogenic 

incursions, and limit inflammatory responses to maintain a state of hyporesponsiveness 

to commensal bacteria. However, it is also the effector arm that mediates intestinal 

inflammation. The epithelial-cell layer is comprised of absorptive and secretory cells, 



goblet cells and Paneth cells. Goblet cells contribute to the formation of the protective 

mucus layer [16]. Under physiological conditions, lamina propria hosts a large number 

and different immune cells, including macrophages (Mφ), dendritic cells (DCs), mast 

cells, neutrophils, eosinophils, natural killer (NK), NKT cells, T and B cells. All of 

these cells coexist in perfect equilibrium that confers tolerance and protection at the 

same time (Figure 1). 

The presence of either pathogenic bacteria or the disruption of the epithelial-cell barrier 

may result in inflammation and dysregulation of mucosal homeostasis: cells of the 

innate immunity, such as macrophages and dendritic cells, are specialized in identifying 

microorganism’s molecular patterns by using the pattern recognition receptors (PRR), 

such as toll-like receptors (TLR) [17]. Moreover newly recruited monocyte-derived 

macrophages (and other innate host defense cells) generate cytokines and chemokines to 

recruit monocytes and other leukocyte populations to contain the inflammation [18]. 

When innate immunity is no longer able to counteract the pathogen aggression, the 

adaptive immune response is triggered: DCs migrate to the mesenteric lymph nodes, 

where they present the antigen to naive T cells and, depending on the factors released by 

DCs, induce the T cell differentiation [19]. T cells are key players of adaptive immune 

response that cooperate with other cells and molecules from innate immune system to 

generate an effective response in order to eliminate the invading pathogens. Upon 

contact with APCs, naive CD4+ cells have the potential to differentiate into different T 

helper (Th) subtypes; this process is controlled by the effector cytokines produced by 

APCs: in presence of IL-12 into Th1, in presence of IL-4 into Th2, with IL-10 and 

TGF-β induce regulatory T cells (iTreg) and with IL-6, IL-1β and TGF-β, Th17 cells 

[20-23]. Each Th subtype exert specific functions: Th1 cells are essential to eliminate 

intracellular pathogens; Th2 cells mediate allergic reaction and they confer protection 



against parasites and Th17 cells contribute to remove extracellular bacteria and fungi 

[24, 25]. Then, the interaction between T and B leads to the production of antibodies 

upon the conctat with T cell or DC [26, 27]. Although their main function is the 

antibody production, B cells can also act as antigen presenting cell and, moreover, they 

are able to produce cytokines and re involved in maintaining mucosal immune 

homeostasis [28]. 

Furthermore, activated leukocytes, such as neutrophils, which are infiltrated in the 

inflamed mucosa not only generate different pro-inflammatory cytokines, but also 

induce oxidative reactions, which markedly alter the redox equilibrium within the gut 

mucosa, and maintain inflammation by inducing redox-sensitive signalling pathways 

and transcription factors [29]. Moreover, several inflammatory molecules generate 

further oxidation products, leading to a self-sustaining and auto-amplifying vicious 

circle, which eventually impairs the gut barrier. 

In consequence, and as a result of this complex immune cell activity, IBD, similarly to 

other inflammatory conditions, is characterized by the involvement of a broad spectrum 

of inflammatory mediators, including cytokines, chemokines, leukotrienes and 

prostaglandins, which actively participate in all the phases of the inflammatory process: 

initiation, progression and resolution, when it occurs.  

During the active phases of IBD, some chemokines are consistently increased: IL-8 and 

its receptor, monocyte chemoatractant protein (MCP)-1 and MCP-3, and macrophage 

inflammatory proteins (MIP). Chemokines mediate the recruitment of leucocyte effector 

populations to the sites of immune reaction and tissue injury since they tightly control 

leukocyte adhesion and migration across the endothelium, being also able to trigger 

multiple inflammatory actions including leukocyte activation, granule exocytosis, 

production of metalloproteinases for matrix degradation, and up-regulation of the 



oxidative burst [30]. Similarly, the up-regulated expression of different adhesion 

molecules in IBD, such as the intercellular adhesion molecule (ICAM)-1, the 

lymphocyte function-associated antigen (LFA)-1, the macrophage 1 antigen (Mac-1), 

the vascular cell adhesion molecule (VCAM)-1, the very late antigen (VLA)-4 and P- 

and E-selectins, collaborates in the recruitment of granulocytes and lymphocytes 

through blood vessels [31]. 

The roles of cytokines in IBD are very diverse and complex. The fact that these 

mediators control T-cell differentiation and regulation has made them to be considered 

as central points of potential intervention to control the inflammatory response. IL-12, 

IL-18 and IL-23 have a crucial function in Th1 differentiation and chronic activation, 

whereas other cytokines, such as TNF-α, IL-1β and IL-6 augment the inflammatory 

response by recruiting other cells and enhancing the production of inflammatory 

mediators [32]. Moreover, IL-23 is induced by pattern recognition receptors (PRRs), 

whose sustained activation drives chronic intestinal inflammation [33]. Although it was 

initially linked to the preferential expression of Th17 responses, it can promote a wide 

range of pathological responses in the intestine, mediated either by T cells or by 

excessive innate immune activation. IL-23-mediated enhancement of Th1 and Th17 

responses is consistent with the increased levels of IFN-γ, IL-17 and IL-22 observed in 

the chronically inflamed intestine [34, 35]. When considering the IL-17 cytokine 

family, a group of cytokines that includes at least six members: IL- 17A, IL-17B, 

IL-17C, IL-17D, IL-17E (or IL-25) and IL- 17F, they act both in vitro and in vivo as 

potent pro-inflammatory cytokines [36]. IL-17 can induce the expression of pro-

inflammatory cytokines (like IL-6 and TNF-α), chemokines (including keratinocyte 

chemoattractant (KC), MCP-1 and MIP-2) and matrix metalloproteases, which mediate 

tissue infiltration and tissue destruction [37], thus playing a key role in human IBD [38]. 



Finally, it has been reported that an altered production of anti-inflmmatory cytokines, 

including IL-10 and TGF-β, can account to the pathogenesis of IBD, because they are 

considered as key regulators of immunological homeostasis and inflammatory responses 

in the gut [39, 40].   

  

INTESTINAL ANTIINFLAMMATORY EFFECTS OF BOTANICAL DRUGS: 

PRECLINICAL AND CLINICAL STUDIES 

The growing interest about the potential role that medicinal plant extracts may play in 

intestinal inflammatory conditions has promoted the development of different clinical 

studies, thus trying to evaluate their potential efficacy and safety. It is important to note 

that nowadays most botanical drugs go through a similar rigorous testing as 

pharmaceutical medicines, in an attempt to avoid inconsistent conclusions. 

Unfortunately, different factors associated with the design, execution and interpretation 

of these clinical trials make still difficult to easily get clear conclusions with the 

different strategies to be evaluated agaisnt these pathologies [41]. Among these factors, 

it can be highlighted the clinical heterogeneity of both intestinal conditions, UC and 

particularly CD, as well as the selection of appropriate therapeutic end points to 

evaluate the efficacy. In spite of all these concerns, there are positive examples of 

successful human-controlled trials within the literature of botanical drugs. Althoguh the 

preclinical studies reporting the beneficial effects of plant extracts on experimental 

models of colitis are numerous, only a few plant extracts have been used in different 

clinical assays, which will be described in the present review (Table 1). The main	  

botanical drugs include were Aloe vera, Andrographis paniculata, Artemisia 

absinthium, Boswellia serrata, Cannabis sativa and	  Curcuma longa. 



 

Aloe vera 

Aloe vera (Xanthorrhoeaceae) is a tropical plant used in traditional medicine all over the 

world, mainly for its gel, which is consist on the leaf pulp mucilaginous aqueous 

extract. The Aloe vera juice has been reported to exert anti-inflammatory activity, 

therfore it has been empirically used for the treatment of UC patients [42] (Table 1), 

being considered as the most popular botanical drug [10]. These beneficial effects have 

been related to the immunomodulatory properties ascribed to this gel. This was 

confirmed when the gel was tested in the dextran sulphate sodium (DSS) model of 

experimental colitis in rats, since it produced an amelioration of the colonic tissue injury 

induced by DSS, being this related to a downregulation of the inflammatory mediators, 

including cytokines, and an attenuation of the immune cell recruitment [43]. Among the 

different components of the gel, which comprise acetylated mannans, polymannans, 

anthraquinone C-glycosides, anthrones, anthraquinones (emodin), and lectins…, with 

reputed biological activities, in the same study it was proposed that the chromone 

aloesin seemed to be essential for the control of the intestinal inflammatory process 

[43]. It was reported that aloesin, mainly, but also aloin and aloe-emodin (Figure 2) 

were able to reduce myeloperoxidase (MPO) activity, an enzyme involved in neutrophil 

activity, an effect that can account in inhibiting the progression of IBD. Moreover, 

aloesin is a strong inhibitor of leukotriene B4 (LTB4) that can activate and recruite the 

inflammatory cells in the tissue injured [44]. Also, these compounds significantly 

decreased the expression of proinflammatory cytokines, like TNF-α and IL-1β, in the 

colonic segement in a dose-dependent manner, being aloesin again the most effective. 

However, the mechanism through which it exerts this capacity remains unidentified. It 

is known that this chromone derivative blocks the activation of the NF-κB pathway and 



thus inhibiting the expression of related pro-inflammatory genes, including TNF-α	  [45]. 

Based on the effect observed in retina gaglion cells [46], the anti-inflammatory effect of 

Aloe-emodin and aloin metabolite, in DSS rat colitis, maybe is due to MAP kinase 

pathways phosphorilation inhibition. 

 

Andrographis paniculata 

Andrographis paniculata (Acanthaceae) can be mainly found in India and Sri Lanka, as 

well as in South and South-Eastern Asia, where its extracts are used as anti-

inflammatory remedies [47]. HMPL-004 is a proprietary extract from this plant that has 

been evaluated for its intestinal antiinflammatory effects in human trials [48, 49] (Table 

1). The phytochemical analyses of the extracts from Andrographis paniculata reveal 

that the main known components are diterpene lactones, principally andrographolide 

(Figure 3) and its derivatives, which have been reported to exert antiinflammatory 

properties through inhibition of the transcription factor NF-κB [50, 51]. Particularly, 

andrographolide reacts with reduced cysteine 62 of p50 subunit forming a covalent 

adduct blocking the bond of NF-κB oligonucleotide to nuclear proteins. NF-κB 

activation promoted the increased expresion and synthesis of different pro-inflammatory 

mediators involved in the inflammatory response associated to IBD, including 

chemokines, cytokines, adhesion molecules… in the different cell types that participate 

in the altered immune response in these intestinal conditions [52]. For instance, when 

stimulated-endothelial cells were treated with andrographolide, the reduction of 

adhesion molecule E-selectin was observed preventing the E-selectin-mediated 

leukocyte migration [50]. Andrographolide is also able to suppress of inducible nitric 

oxide synthase (iNOS) as observed in RAW 264.7 cells and, as a consequence, there is 



a reduction of NO production. This inhibition of NO is due to the blockage of the 

synthesis and also to the reduction of the stability via a post-transcriptional mechanism 

[53]. Andrographolide prevents the reactive oxygen species (ROS) production by 

neutrophils through the modulation of a protein kinase C (PKC)-pathway. This confers 

to andrographolide the capacity to downregulate leukocyte integrin Mac-1 (αMβ2 

CD11bCD18), that it has been reported to be up-regulated by ROS. This reduction leads 

to reducing neutrophil infiltration and transmigration [54].  Besides, andrographolide 

exerts immunomodulatory properties, most likely affecting the innate immune cells, 

including macrophages and dendritic cells, but also T cells, by downregulating the 

production of pro-inflammatory cytokines [55-57]. It has been observed that 

andrographolide reduced significantly, in a dose-dependend manner, the IFN-γ 

production in concanavaline A-stimulated murine Tcell in vitro, whereas its effects on 

IL-2 inhibition were partial. Moreover, it can reduce the ERK1/2 phosphorilation that is 

associated with a reduction of IFNγ production [55]. In another study, it has been 

showed the ability of andrographolide to interfiere with the DCs maturation and with 

their capacity to present antigen to T cells. When the DCs were treated with the 

compound and then were mixed with lymphocites for allogenic stimulation, IL-2 release 

and proliferation were reduced [56]. The extract of A. paniculada also contains 

andrograpanin (Figure 3), a hydrolysate of neoandrographolide (another bicyclic 

diterpenoid lacton), which also showed anti-inflammatory activity. It was able to reduce 

the mRNA expression of several genes, including TNF-α, IL-16, IL-12p35 and IL-

12p40, in a dose-dependet manner. In particular, the reduction of IL-12p35 and IL-

12p40 proteins were lower than their mRNA levels, suggesting that andrograpanin 

applies the major changes at a post-trascriptional level for these two genes [57]. 



All these studies could justify the inhibitory effects that the extracts of Andrographis 

paniculata may exert on multiple immune cells (DC, macrophages, T cells) that are 

implicated in disease development and progression in UC and CD. Supporting this, 

Michelsen et al. reported the intestinal antiinflammatory effects of the extract HMPL-

004 in a T cell driven experimental model of chronic colitis, by inhibiting the 

proliferation and/or differentiation of naïve T cells, as well as the Th1/Th17 responses 

that are activated in intestinal inflammation, being these effects associated with reduced 

expression of the different pro-inflammatory cytokines, including TNFα, IL-1β, IFNγ, 

and IL-22 [58].  

 

Artemisia absinthium 

Artemisia absinthium (Compositae), commonly known as wormwood, is widely 

distributed all over the world and it is described in different pharmacopoeias, being 

leaves and stems used for medicinal purposes. This botanical drug is usually 

standardised based on its content in the dimeric guaianolides absinthins [59]; being 

considered as a high-quality wormwood when it contains at least 0.2 % of absinthin.  

Two different clinical trials have reported the beneficial effect of this botanical drug in 

CD [60, 61] (Table 1). TNF-α is considered to play a key role in the pathogenesis of 

CD, which supports the high efficacy obtained with the biologicals acting as TNF-α 

inhibitors, like infliximab and adalimumab, for severe cases of CD [62]. The results 

obtained in these clinical trials showed that wormwood administration promoted the 

clinical improvement of the symptoms in all the patients, whereas no amelioration in the 

disease was observed in the placebo group. The beneficial effect induced by wormwood 

was associated with a significant decrease in TNF-α serum levels in comparison with 



those obtained in the placebo group. The suppression of TNF-α, as well as of others 

proinflammatory cytokines like IL-1β or IL-6, by wormwood extracts has been reported 

in vitro as well [63]. Among the components of Artemisia absinthium, it has been 

isolated the flavonoid 5, 6, 3’,5’-tetramethoxy 7,4’-hydroxyflavone (p7F) (Figure 4) 

that has been shown to exert anti-inflammatory effects. In fact, p7F was able to inibit 

the expression of COX-2 and iNOS in LPS-stimulated RAW 264.7 cells. As a 

consequence of this inhibition, it has been observed a reduced production of PGE2 and 

NO in the same cells. Moreover, p7F decreased the activation of NF-κB, induced by 

LPS, probably through its anti-oxidant properties [63]. p7F also suppressed the serum 

levels of TNF-α and inhibited NF-κB activation in vivo [63]. Anoher compound also 

isolated from this plant, 20,40-dihydroxy-60-methoxychalcone, known as cardamonin 

(Figure 4), has shown to dose-dependtly inhibit NO relase and iNOS expression in LPS-

stimulated RAW 264.7, as well as NF-κB activation [64]. All these results would 

support the use of Artemisia absinthium, at least as complementary therapy, in IBD.  

 

Boswellia serrata  

The oleo-gum resin from Boswellia serrata (Burseraceae), or Indian frankincense, is a 

traditional Ayurvedic remedy used to treat inflammatory diseases, including UC. As 

claimed by a survey performed in Germany, approximately 36% of IBD patients have 

been administered with Boswellia serrata extracts to treat their intestinal condition, 

reporting positive therapeutic effects [65], and they have been assayed in different 

clinical trials [66-68] (Table 1).  

Among the different chemical compounds of this resin, triterpens are the most abundant 

(30-60, depending on its origin), being boswellic acids the major constituents (Figure 



5), which are thought to largely contribute to the pharmacological activities such anti-

inflammatory and antiarthritic effects ascribed to this crude drug [69]. In vivo 

experiments performed in the acetic acid model of rat colitis have proposed that the 

antioxidant properties of the extracts from Boswellia serrata may also account for their 

intestinal anti-inflammatory effect [70, 71]. It has been shown that Boswellia serrata 

extract reduced the lipid peroxidation, while increased the levels of superoxide 

dismutase (SOD), thus ameliorating the oxidative stress associated to intestinal 

inflammation.  

Additional mechanisms can also account for its beneficial effects. Thus, in vitro 

experiments have shown that these compounds decreased the leukotriene formation by 

blocking the 5-lipoxygenase pathway which can account in the beneficial effect showed 

by this botanical drug since leukotriens have been clearly involved in the pathogenesis 

of IBD [72]. Similarly, the anti-inflammatory effects of boswellic acids seem to involve 

the inhibition of different cellular pathways including those related to the transcription 

factor NF-κB activiation, which has been described to induce the expression and/or to 

activate the function of many pro-inflammatory cytokines, like TNFα, IL-1β, IL-6… 

that are crucial for the development and the maintenance of intestinal inflammation [73, 

74]. Surprisingly, contradictory results have been reported when the effectiveness of 

boswellia extracts were assayed in DSS- or trinitrobenzene sulfonic acid (TNBS)-

induced experimental models, since no efficacy was demonstrated in ameliorating 

colitis in these models [75]. Furthermore, in the same study, it was demonstrated the 

ability of different boswellic acids to enhance the basal and the IL-1β -stimulated NF-

κB activity in intestinal epithelial cells, as well as the potential hepatotoxic effect of 

boswellia, claiming for an special attention with the use of this botanical drug in IBD 

and other inflammatory disorders [75]. On the contrary, a semi-synthetic form of acetyl-



11-keto-β-boswellic acid lessened the disease activity index in DSS colitis, and it 

managed to diminished the recruitment of leucocytes and platelets, maybe due to its 

ability to prevent P-selectin up-regulation, thus protecting colonic mucosa from DSS 

insult. The beneficial effects showed by this derivative were similar to those obtained 

with the standard corticosteroid dexamethasone [76].  

 

Cannabis sativa 

Cannabis sativa (Cannabaceae) has been long employed for the treatment of different 

diseases, especially for chronic pain and different neurological conditions [77,78]. 

Moreover, this botanical drug has treated different gastrointestinal conditions including 

anorexia, emesis, abdominal pain, diarrhea, and diabetic gastroparesis [79]. It has been 

reported to contain over 60 different cannabinoid compounds, which are responsible for 

the biological activities reported for Cannabis sativa [80]. In addition, experimental 

evidence suggests that the endogenous cannabinoid system is involved in most of the 

major immune events, including those located in the gastrointestinal tract [81, 82]. For 

this reason, it was proposed that the activation of this system by cannabinoids might 

have a therapeutic role in human IBD [83]. However, and although its use is common in 

IBD patients, there are few controlled studies that evaluate the exact role of cannabis in 

IBD [84-86] (Table 1). 

The mechanisms involved in the intestinal anti-inflammatory effects of cannabis can be 

related to the capacity of cannabinoids to down-regulate the production and release of 

different pro-inflammatory mediators including TNFα, IL-1β and nitric oxide, thus 

restoring the altered immune response that occurs in IBD [87].	   	    Most probably, these 

effects would be related to cannabinoid receptors type 1 (CB1) activation that mediates 

essential protective signals and counteracts pro-inflammatory pathways, since it has 



been reported that the severity of two different experimental models of colitis, induced 

by the intrarectal infusion of 2,4-dinitrobenzene sulfonic acid (DNBS) or by oral 

administration of DSS, are higher in CB1-deficient mice (CB1(-/-)) than in wild-type 

[88]. Lack of CB1 receptors rendered mice more sensitive to inflammatory insults, 

indicating a protective role of the CB1 receptors during inflammation induction. 

Consistently, the administration of a specific CB1 antagonist to these wild-type mice 

before colitis induction resulted in a similar degree of intestinal damage to that seen in 

CB1(-/-) mice; whereas the administration of a cannabinoid receptor agonist protected 

from DNBS-induced colitis in mice [88]. Supporting these observations, both Δ-

tetrahydrocannabinol (THC) and cannabidiol (CBD) (Figure 6), two of the main 

components of cannabis, were able to exert beneficial effects in the TNBS model of 

acute colitis in rats, with a similar efficacy to that shown by sulphasalazine, which was 

used as a positive control [89]. Particularly, treatment with THC and combined 

treatment with CBD was able to reduce macroscopic damage score. Both alone and in 

combination, THC and CBD reduced the MPO activity similarly to treatment with 

sulphasalazine (89). 

Unfortunately, the main concern with the use of cannabis in IBD can be derived from 

the indiscriminate binding of the cannabinoids to the receptors in the central nervous 

system, which may result in serious side effects including dizziness, dry mouth, nausea, 

fatigue, somnolence, euphoria, vomiting, disorientation, drowsiness, confusion, loss of 

balance, and even hallucination [90]. It is evident that the manipulation of the 

endocannabinoid system can be helpful for the management of human IBD; however, 

additional research needs to be carried out to consider cannabis (and cannabinoids) as a 

suitable medicine in these gastrointestinal conditions. Maybe, the use of specific 

cannabinoids can constitute an attractive alternative. This may be the case of 



cannabidiol, which possesses anti-inflammatory and immunomodulatory properties, as 

demonstrated in experimental models of rodent colitis, but it lacks of any cognitive and 

psychoactive actions [91]. 

 

Curcuma longa 

Curcuma longa (Zingiberaceae) is commonly known as Turmeric. It is an Indian spice 

obtained from the rhizomes of the plant, which has been long used in Ayurvedic 

medicine for the handling of different inflammatory diseases [92]. Curcumin (Figure 7) 

is the main active component of turmeric that also provides its vibrant yellow colour 

[93]. Numerous pharmacological activities have been reported for curcumin, including 

antioxidant, antimicrobial, anticancer and anti-inflammatory properties. Regarding the 

latter, curcumin has been suggested to exert positive effects in IBD, although just a few 

clinical studies have shown the power of curcumin to prevent and/or ameliorate this 

condition.  

Clinical studies showed that the concurrent administration of curcumin and standard 

drugs improved their efficacy [94, 95] (Table 1), and seemed to be well-tolerated after a 

prolonged administration, which can be considered as a secure medication for 

maintaining remission and preventing relapse [96].  

The preclinical studies performed with curcumin have shown its efficacy in different 

experimental models of colitis, either chemically-induced or in knock out mice, and 

following different protocols of administration, that is, preventative or curative [97-

102]. Besides, all these studies have rendered important information about the possible 

mechanisms implicated in these beneficial effects. Among these, the antioxidant 

properties of curcumin, derived from its ability to scavenge free radicals, may play a 



prominent role, given the oxidative stress that characterizes these intestinal conditions 

[103]. In addition, curcumin can also modify multiple singnaling pathways, especially 

the kinases MAPK and ERK, thus affecting the expression of different proteins 

implicated in the intestinal inflammatory cascade, like MPO, COX-2, iNOS or LOX 

[104]. Additionally, a modulation of the altered immune response has been proposed to 

occur after curcumin administration in experimental colitis, by attenuating the 

production of pro-inflammatory cytokines, like TNFα, IL-1β, IL-12 or IFNγ, but 

increasing of the expression of anti-inflammatory cytokines [98, 101]. Other mechanism 

involved in the beneficial effects of curcumin can be related to an inhibitory effect of 

NF-κB activity [105]. In fact, it has been reported that elevated levels of NF-κB in IBD 

proportionately amplified the production of inflammatory cytokines and resulted in 

mucosal damage, which in turn can up-regulate the production of this transcription 

factor, promoting a recurring feedback loop of inflammation [106]. In consequence, the 

ability of curcumin to modulate NF-κB activation may prevent the inflammatory 

response, thus preventing colonic mucosa damage. 

 

In conclusion, the results reviewed shows that botanical drugs might prompt clinical 

remission and a clinical response in IBD patients. In particular, botanical drugs 

significantly induce clinical remission in CD patients and clinical response in UC 

patients; however, there was not a significantly induction of clinical remission in UC 

patients and an obvious clinical response in CD patients. The results of sub-analyses 

taking into account the plant type demonstrate that only Artemisia absinthium and 

Boswellia serrata were able to induce clinical remission, while Aloe vera induced a 

clinical response. However, none of the plants confirmed endoscopic or histological 

efficacy. On the other hand, none of the plants produced any adverse effects in 



comparison with placebo. So, although some of the botanical drugs may have clinical 

efficacy in patients with IBD, there is too limited evidence to make any strong 

conclusions. However, botanical drugs could still be safer than synthetic drugs, despite 

the fact that they are not completely devoid of risk.  

 

PERSPECTIVES 

The potential additional benefits of botanical drugs could be that patients accept them, 

besides their efficacy, acceptable safety, and comparatively low cost. Patients all over 

the world seem to be prone to use botanical drugs, and their efficacy has been now 

evaluated in multitude of clinical trials in the management of UC. However, the 

evidences are still partial, intricate, and puzzling, and unquestionably related to both 

benefits and side effects.  

First of all, there should be a deeper knowledge of their composition, the active 

compounds that are responsible of their properties, and their side effects or toxicity. It is 

also important to control the harvest of the right plants, their quality, and the later 

processing to ensure the stability of the active components. Therefore, there is a need 

for a regulation that establishes the quality standards of the botanical drugs that are sold.  

Secondly, further controlled clinical trials, with larger number of patients, are required 

to evaluate the potential efficacy and toxicity of botanical drugs in the treatment of UC. 

In this regard, it is also important to let the doctors know any evidence so they can 

prescribe these botanical drugs with the maximal guarantee. 

 

ACKNOWLEDGEMENTS 



This work was supported by Junta de Andalucia (AGR-6826 and CTS 164) with funds 

from the European Union; F. Algieri is a predoctoral fellow of Junta de Andalucia; M.E. 

Rodriguez-Cabezas is a postdoctoral fellow of CIBER-EHD. The CIBER-EHD is 

funded by the Instituto de Salud Carlos III.  

  



REFERENCES 

[1] Baumgart DC, Carding SR. Inflammatory bowel disease: cause and immunobiology. 

Lancet. 2007;369:1627-40. 

[2] Vucelic B. Inflammatory bowel diseases: controversies in the use of diagnostic 

procedures. Dig Dis. 2009;27:269-77. 

[3] Haag LM, Siegmund B. Exploring & exploiting our 'other self' - does the microbiota 

hold the key to the future therapy in Crohn's? Best Pract Res Clin Gastroenterol. 

2014;28:399-409. 

[4] Strober W, Fuss IJ. Proinflammatory cytokines in the pathogenesis of inflammatory 

bowel diseases. Gastroenterology. 2011;140:1756-67. 

[5] Xavier RJ, Podolsky DK. Unravelling the pathogenesis of inflammatory bowel 

disease. Nature. 2007;448:427-34. 

[6] Bernstein CN. Treatment of IBD: where we are and where we are going. Am J 

Gastroenterol. 2015;110(1):114-26. 

[7] Siegel CA. Review article: explaining risks of inflammatory bowel disease therapy 

to patients. Aliment Pharmacol Ther. 2011;33:23-32. 

[8] Hung A, Kang N, Bollom A, Wolf JL, Lembo A. Complementary and Alternative 

Medicine Use Is Prevalent Among Patients with Gastrointestinal Diseases. Dig Dis Sci. 

2015;60:1883-8. 

[9] Weizman AV, Ahn E, Thanabalan R, Leung W, Croitoru K, Silverberg MS, 

Steinhart AH, Nguyen GC. Characterisation of complementary and alternative medicine 

use and its impact on medication adherence in inflammatory bowel disease. Aliment 

Pharmacol Ther. 2012;35:342-9. 



[10] Langmead L, Chitnis M, Rampton DS. Use of complementary therapies by patients 

with IBD may indicate psychosocial distress. Inflamm Bowel Dis. 2002;8:174-9. 

[11] Burgmann T, Rawsthorne P, Bernstein CN. Predictors of alternative and 

complementary medicine use in inflammatory bowel disease: do measures of 

conventional health care utilization relate to use? Am J Gastroenterol 2004;99:889–93. 

[12] Langhorst J, Anthonisen IB, Steder-Neukamm U, Lüdtke R, Spahn G, Michalsen 

A, Dobos GJ. Amount of systemic steroid medication is a strong predictor for the use of 

complementary and alternative medicine in patients with inflammatory bowel disease: 

results from a German national survey. Inflamm Bowel Dis. 2005;11:287-95. 

[13] Hilsden RJ, Verhoef MJ, Rasmussen H, Porcino A, DeBruyn JC. Use of 

complementary and alternative medicine by patients with inflammatory bowel disease. 

Inflamm Bowel Dis. 2011;17:655-62. 

[14] Kähkönen MP, Hopia AI, Vuorela HJ, Rauha JP, Pihlaja K, Kujala TS, Heinonen 

M. Antioxidant activity of plant extracts containing phenolic compounds. J Agric Food 

Chem. 1999;47:3954-62. 

[15] Strober W, Fuss I, Mannon P. The fundamental basis of inflammatory bowel 

disease. J Clin Invest 2007;117:514–21. 

[16] Wallace KL, Zheng LB, Kanazawa Y, Shih DQ. Immunopathology of 

inflammatory bowel disease. World J Gastroenterol. 2014;20:6-21. 

[17] Mogensen TH. Pathogen recognition and inflammatory signaling in innate immune 

defenses. Clin Microbiol Rev. 2009;22:240-73. 



[18] Smith PD, Smythies LE, Shen R, Greenwell-Wild T, Gliozzi M, Wahl SM. 

Intestinal macrophages and response to microbial encroachment. Mucosal Immunol. 

2011;4:31-42. 

[19] Cerovic V, Houston SA, Scott CL, Aumeunier A, Yrlid U, Mowat AM, Milling 

SW. Intestinal CD103(-) dendritic cells migrate in lymph and prime effector T cells.  

Mucosal Immunol. 2013;6:104-13. 

[20] Usui T, Preiss JC, Kanno Y, Yao ZJ, Bream JH, O'Shea JJ, Strober W. T-bet 

regulates Th1 responses through essential effects on GATA-3 function rather than on 

IFNG gene acetylation and transcription. J Exp Med. 2006;203:755-66. 

[21] Yang XO, Panopoulos AD, Nurieva R, Chang SH, Wang D, Watowich SS, Dong 

C. STAT3 regulates cytokine-mediated generation of inflammatory helper T cells. J 

Biol Chem. 2007;282:9358-63. 

[22] Acosta-Rodriguez EV, Napolitani G, Lanzavecchia A, Sallusto F. Interleukins 

1beta and 6 but not transforming growth factor-beta are essential for the differentiation 

of interleukin 17-producing human T helper cells. Nat Immunol. 2007;8:942-9. 

[23] Wilson NJ, Boniface K, Chan JR, McKenzie BS, Blumenschein WM, Mattson JD, 

Basham B, Smith K, Chen T, Morel F, Lecron JC, Kastelein RA, Cua DJ, McClanahan 

TK, Bowman EP, de Waal Malefyt R. Development, cytokine profile and function of 

human interleukin 17-producing helper T cells. Nat Immunol. 2007;8:950-7. 

[24] Romagnani S. Lymphokine production by human T cells in disease states. Annu 

Rev Immunol. 1994;12:227-57. 

[25] Korn T, Bettelli E, Oukka M, Kuchroo VK. IL-17 and Th17 Cells. Annu Rev 

Immunol. 2009;27:485-517. 



[26] Fayette J, Dubois B, Vandenabeele S, Bridon JM, Vanbervliet B, Durand I, 

Banchereau J, Caux C, Brière F. Human dendritic cells skew isotype switching of 

CD40-activated naive B cells towards IgA1 and IgA2. J Exp Med. 1997;185:1909-18. 

[27] Bergtold A, Desai DD, Gavhane A, Clynes R. Cell surface recycling of internalized 

antigen permits dendritic cell priming of B cells. Immunity. 2005;23:503-14. 

[28] Cerutti A, Puga I, Cols M. Innate control of B cell responses. Trends Immunol. 

2011;32:202-11. 

[29] Seguí J, Gironella M, Sans M, Granell S, Gil F, Gimeno M, Coronel P, Piqué JM, 

Panés J. Superoxide dismutase ameliorates TNBS-induced colitis by reducing oxidative 

stress, adhesion molecule expression, and leukocyte recruitment into the inflamed 

intestine. J Leukoc Biol. 2004;76:537-44.  

[30] Laing KJ, Secombes CJ. Chemokines. Dev Comp Immunol. 2004;28:443-60. 

[31] Vainer B. Intercellular adhesion molecule-1 (ICAM-1) in ulcerative colitis: 

presence, visualization, and significance. APMIS Suppl. 2010;(129):1-43. 

[32] Sanchez-Muñoz F, Dominguez-Lopez A, Yamamoto-Furusho JK. Role of 

cytokines in inflammatory bowel disease. World J Gastroenterol. 2008;14:4280-8. 

[33] Goodall JC, Wu C, Zhang Y, McNeill L, Ellis L, Saudek V, Gaston JS. 

Endoplasmic reticulum stress-induced transcription factor, CHOP, is crucial for 

dendritic cell IL-23 expression. Proc Natl Acad Sci U S A. 2010;107:17698-703. 

[34] Ahern PP, Schiering C, Buonocore S, McGeachy MJ, Cua DJ, Maloy KJ, Powrie 

F. Interleukin-23 drives intestinal inflammation through direct activity on T cells. 

Immunity. 2010;33:279-88. 



[35] Maloy KJ, Kullberg MC. IL-23 and Th17 cytokines in intestinal homeostasis. 

Mucosal Immunol. 2008;1:339-49. 

[36] Kolls JK, Lindén A. Interleukin-17 family members and inflammation. Immunity. 

2004;21:467-76. 

[37] Park H, Li Z, Yang XO, Chang SH, Nurieva R, Wang YH, Wang Y, Hood L, Zhu 

Z, Tian Q, Dong C. A distinct lineage of CD4 T cells regulates tissue inflammation by 

producing interleukin 17. Nat Immunol. 2005;6:1133-41. 

[38] Galvez J. Role of Th17 Cells in the Pathogenesis of Human IBD. ISRN Inflamm. 

2014;2014:928461. 

[39] Izcue A, Coombes JL, Powrie F. Regulatory lymphocytes and intestinal 

inflammation. Annu Rev Immunol. 2009;27:313-38. 

[40] Li MO, Flavell RA. Contextual regulation of inflammation: a duet by transforming 

growth factor-beta and interleukin-10. Immunity. 2008;28:468-76. 

[41] Carty E, Rampton DS. Evaluation of new therapies for inflammatory bowel 

disease. Br J Clin Pharmacol 2003;56:351–61. 

[42] Langmead L, Feakins RM, Goldthorpe S, Holt H, Tsironi E, De Silva A, Jewell 

DP, Rampton DS. Randomized, double-blind, placebo-controlled trial of oral aloe vera 

gel for active ulcerative colitis. Aliment Pharmacol Ther. 2004;19:739-47. 

[43] Park MY, Kwon HJ, Sung MK. Dietary aloin, aloesin, or aloe-gel exerts anti-

inflammatory activity in a rat colitis model. Life Sci. 2011;88:486-92. 

[44] Stenson WF. Role of eicosanoids as mediators of inflammation in inflammatory 

bowel disease.Scand J Gastroenterol Suppl. 1990;172:13-8. 



[45] Kumar S, Singh BK, Pandey AK, Kumar A, Sharma SK, Raj HG, Prasad AK, Van 

der Eycken E, Parmar VS, Ghosh B. A chromone analog inhibits TNF-alpha induced 

expression of cell adhesion molecules on human endothelial cells via blocking NF-

kappaB activation. Bioorg Med Chem. 2007;15:2952-62. 

[46] Lin HJ, Chao PD, Huang SY, Wan L, Wu CJ, Tsai FJ. Aloe-emodin suppressed 

NMDA-induced apoptosis of retinal ganglion cells through regulation of ERK 

phosphorylation. Phytother Res. 2007;21:1007-14. 

[47] Akbar S. Andrographis paniculata: a review of pharmacological activities and 

clinical effects. Altern Med Rev. 2011;16:66–77. 

[48] Tang T, Targan SR, Li ZS, Xu C, Byers VS, Sandborn WJ. Randomised clinical 

trial: herbal extract HMPL-004 in active ulcerative colitis - a double-blind comparison 

with sustained release mesalazine. Aliment Pharmacol Ther. 2011;33:194-202. 

[49] Sandborn WJ, Targan SR, Byers VS, Rutty DA, Mu H, Zhang X, Tang T. 

Andrographis paniculata extract (HMPL-004) for active ulcerative colitis. Am J 

Gastroenterol. 2013;108:90-8. 

[50] Xia YF, Ye BQ, Li YD, Wang JG, He XJ, Lin X, Yao X, Ma D, Slungaard A, 

Hebbel RP, Key NS, Geng JG. Andrographolide attenuates inflammation by inhibition 

of NF-kappa B activation through covalent modification of reduced cysteine 62 of p50. 

J Immunol. 2004;173:4207-17. 

[51] Levita J, Nawawi A, Mutholib A, Ibrahim S. Andrographolide: a review of its anti-

inflammatory activity via inhibition of NF-kappaB activation from computational 

chemistry aspects. Int J Pharmacol. 2010; 6:569-76. 



[52] Collins T, Read MA, Neish AS, Whitley MZ, Thanos D, Maniatis T. 

Transcriptional regulation of endothelial cell adhesion molecules: NF-kappa B and 

cytokine-inducible enhancers. FASEB J. 1995;9:899-909. 

[53] Chiou WF, Chen CF, Lin JJ. Mechanisms of suppression of inducible nitric oxide 

synthase (iNOS) expression in RAW 264.7 cells by andrographolide. Br J Pharmacol. 

2000; 129:1553–1560. 

[54] Shen YC, Chen CF, Chiou WF. Andrographolide prevents oxygen radical 

production by human neutrophils: possible mechanism(s) involved in its anti-

inflammatory effect. Br J Pharmacol. 2002; 135:399–406. 

[55] Burgos RA, Seguel K, Perez M, Meneses A, Ortega M, Guarda MI, Loaiza A, 

Hancke JL. Andrographolide inhibits IFN-gamma and IL-2 cytokine production and 

protects against cell apoptosis. Planta Med. 2005;71:429-34. 

[56] Iruretagoyena MI, Tobar JA, González PA, Sepúlveda SE, Figueroa CA, Burgos 

RA, Hancke JL, Kalergis AM. Andrographolide interferes with T cell activation and 

reduces experimental autoimmune encephalomyelitis in the mouse. J Pharmacol Exp 

Ther. 2005;312:366-72. 

[57] Liu J, Wang ZT, Ge BX. Andrograpanin, isolated from Andrographis paniculata, 

exhibits anti-inflammatory property in lipopolysaccharide-induced macrophage cells 

through down-regulating the p38 MAPKs signaling pathways. Int Immunopharmacol. 

2008; 8:951–958. 

[58] Michelsen KS, Wong MH, Ko B, Thomas LS, Dhall D, Targan SR. HMPL-004 

(Andrographis paniculata extract) prevents development of murine colitis by inhibiting 

T-cell proliferation and TH1/TH17 responses. Inflamm Bowel Dis. 2013;19:151-64. 



[59] Turak A, Shi SP, Jiang Y, Tu PF. Dimeric guaianolides from Artemisia 

absinthium. Phytochemistry. 2014;105:109-14. 

[60] Omer B, Krebs S, Omer H, Noor TO. Steroid-sparing effect of wormwood 

(Artemisia absinthium) in Crohn's disease: a double-blind placebo-controlled study. 

Phytomedicine. 2007;14:87-95. 

[61] Krebs S, Omer TN, Omer B. Wormwood (Artemisia absinthium) suppresses 

tumour necrosis factor alpha and accelerates healing in patients with Crohn's disease - A 

controlled clinical trial. Phytomedicine. 2010;17:305-9. 

[62] Altwegg R, Vincent T. TNF blocking therapies and immunomonitoring in patients 

with inflammatory bowel disease. Mediators Inflamm. 2014;2014:172821. 

[63] Lee HG, Kim H, Oh WK, Yu KA, Choe YK, Ahn JS, Kim DS, Kim SH, Dinarello 

CA, Kim K, Yoon DY. Tetramethoxy hydroxyflavone p7F downregulates inflammatory 

mediators via the inhibition of nuclear factor kappaB. Ann N Y Acad Sci. 

2004;1030:555-68. 

[64] Hatziieremia S, Gray AI, Ferro VA, Paul A, Plevin R. The effects of cardamonin 

on lipopolysaccharide-induced inflammatory protein production and MAP kinase and 

NFkappaB signalling pathways in monocytes/macrophages. Br J Pharmacol. 

2006;149:188-98. 

[65] Joos S, Rosemann T, Szecsenyi J, Hahn EG, Willich SN, Brinkhaus B. Use of 

complementary and alternative medicine in Germany - a survey of patients with 

inflammatory bowel disease. BMC Complement Altern Med. 2006;6:19. 



[66] Gupta I, Parihar A, Malhotra P, Singh GB, Lüdtke R, Safayhi H, Ammon HP. 

Effects of Boswellia serrata gum resin in patients with ulcerative colitis. Eur J Med Res. 

1997;2:37-43. 

[67] Gupta I, Parihar A, Malhotra P, Gupta S, Lüdtke R, Safayhi H, Ammon HP. 

Effects of gum resin of Boswellia serrata in patients with chronic colitis. Planta Med. 

2001;67:391-5. 

[68] Holtmeier W, Zeuzem S, Preiss J, Kruis W, Böhm S, Maaser C, Raedler A, 

Schmidt C, Schnitker J, Schwarz J, Zeitz M, Caspary W. Randomized, placebo-

controlled, double-blind trial of Boswellia serrata in maintaining remission of Crohn's 

disease: good safety profile but lack of efficacy. Inflamm Bowel Dis. 2011;17:573-82. 

[69] Abdel-Tawab M, Werz O, Schubert-Zsilavecz M. Boswellia serrata: an overall 

assessment of in vitro, preclinical, pharmacokinetic and clinical data. Clin 

Pharmacokinet. 2011;50: 349–369. 

[70] Hartmann RM, Morgan Martins MI, Tieppo J, Fillmann HS, Marroni NP. Effect of 

Boswellia serrata on antioxidant status in an experimental model of colitis rats induced 

by acetic acid. Dig Dis Sci. 2012;57:2038-44. 

[71] Hartmann RM, Fillmann HS, Martins MI, Meurer L, Marroni NP. Boswellia 

serrata has beneficial anti-inflammatory and antioxidant properties in a model of 

experimental colitis. Phytother Res. 2014;28(9):1392-8.  

[72] Stanke-Labesque F, Pofelski J, Moreau-Gaudry A, Bessard G, Bonaz B. Urinary 

leukotriene E4 excretion: a biomarker of inflammatory bowel disease activity. Inflamm 

Bowel Dis. 2008;14:769-74. 



[73] Takada Y, Ichikawa H, Badmaev V, Aggarwal BB. Acetyl-11-keto-beta-boswellic 

acid potentiates apoptosis, inhibits invasion, and abolishes osteoclastogenesis by 

suppressing NF-kappa B and NF-kappa B-regulated gene expression. J Immunol. 

2006;176:3127-40. 

[74] Wang H, Syrovets T, Kess D, Büchele B, Hainzl H, Lunov O, Weiss JM, 

Scharffetter-Kochanek K, Simmet T. Targeting NF-kappa B with a natural triterpenoid 

alleviates skin inflammation in a mouse model of psoriasis. J Immunol. 2009;183:4755-

63. 

[75] Kiela PR, Midura AJ, Kuscuoglu N, Jolad SD, Sólyom AM, Besselsen DG, 

Timmermann BN, Ghishan FK. Effects of Boswellia serrata in mouse models of 

chemically induced colitis. Am J Physiol Gastrointest Liver Physiol. 2005;288:G798-

808. 

[76] Anthoni C, Laukoetter MG, Rijcken E, Vowinkel T, Mennigen R, Müller S, 

Senninger N, Russell J, Jauch J, Bergmann J, Granger DN, Krieglstein CF. Mechanisms 

underlying the anti-inflammatory actions of boswellic acid derivatives in experimental 

colitis. Am J Physiol Gastrointest Liver Physiol. 2006;290:G1131-7. 

[77] Baker D, Pryce G, Giovannoni G, Thompson AJ. The therapeutic potential of 

cannabis. Lancet Neurol 2003; 2:291–298. 

[78] Schubart CD, Sommer IE, Fusar-Poli P, de Witte L, Kahn RS, Boks MP. 

Cannabidiol as a potential treatment for psychosis. Eur Neuropsychopharmacol. 

2014;24:51-64. 

[79] Di Carlo G, Izzo AA. Cannabinoids for gastrointestinal diseases: potential 

therapeutic applications. Expert Opin Investig Drugs. 2003;12:39-49. 



[80] Greineisen WE, Turner H. Immunoactive effects of cannabinoids: considerations 

for the therapeutic use of cannabinoid receptor agonists and antagonists. Int 

Immunopharmacol. 2010;10:547-55. 

[81] Massa F, Monory K. Endocannabinoids and the gastrointestinal tract. J Endocrinol 

Investig, 2006;29:47–57. 

[82] Pandey R, Mousawy K, Nagarkatti M, Nagarkatti P. Endocannabinoids and 

immune regulation. Pharmacol Res. 2009;60:85-92. 

[83] Izzo AA, Camilleri M. Emerging role of cannabinoids in gastrointestinal and liver 

diseases: basic and clinical aspects. Gut 2008; 57:1140–1155. 

[84] Lal S, Prasad N, Ryan M, Tangri S, Silverberg MS, Gordon A, Steinhart H. 

Cannabis use amongst patients with inflammatory bowel disease. Eur J Gastroenterol 

Hepatol. 2011;23:891-6. 

[85] Naftali T, Lev LB, Yablecovitch D, Half E, Konikoff FM. Treatment of Crohn's 

disease with cannabis: an observational study. Isr Med Assoc J. 2011;13:455-8. 

[86] Naftali T, Bar-Lev Schleider L, Dotan I, Lansky EP, Sklerovsky Benjaminov F, 

Konikoff FM. Cannabis induces a clinical response in patients with Crohn's disease: a 

prospective placebo-controlled study. Clin Gastroenterol Hepatol. 2013;11:1276-1280. 

[87] Burstein SH, Zurier RB. Cannabinoids, endocannabinoids, and related analogs in 

inflammation. AAPS J. 2009 Mar;11(1):109-19. 

[88] Massa F, Marsicano G, Hermann H, Cannich A, Monory K, Cravatt BF, Ferri GL, 

Sibaev A, Storr M, Lutz B. The endogenous cannabinoid system protects against 

colonic inflammation. J Clin Invest. 2004;113:1202-9. 



[89] Jamontt JM, Molleman A, Pertwee RG, Parsons ME. Yhe effects of Delta-

tetrahydrocannabinol and cannabidiol alone and in combination on damage, 

inflammation and in vitro motility disturbances in rat colitis. Br J Pharmacol. 

2010;160:712-23. 

[90] Whiting PF, Wolff RF, Deshpande S, Di Nisio M, Duffy S, Hernandez AV, 

Keurentjes JC, Lang S, Misso K, Ryder S, Schmidlkofer S, Westwood M, Kleijnen J. 

Cannabinoids for Medical Use: A Systematic Review and Meta-analysis. JAMA. 

2015;313:2456-73. 

[91] Borrelli F, Aviello G, Romano B, Orlando P, Capasso R, Maiello F, Guadagno F, 

Petrosino S, Capasso F, Di Marzo V, Izzo AA. Cannabidiol, a safe and non-

psychotropic ingredient of the marijuana plant Cannabis sativa, is protective in a murine 

model of colitis. J Mol Med (Berl). 2009;87:1111-21. 

[92] Hatcher IH, Planalp R, Cho J, Torti FM, Torti SV. Curcumin: from ancient 

medicine to current clinical trials. Cell. Mol. Life Sci 2008;65:1631–1652. 

[93] Chattopadhyay I, Biswas K, Bandyopadhyay U, Banerjee RK. Turmeric and 

curcumin: biological actions and medicinal applications. Curr Sci 2004;87: 44–53. 

[94] Holt PR, Katz S, Kirshoff R. Curcumin therapy in inflammatory bowel disease: a 

pilot study. Dig Dis Sci 2005;50:2191-2193. 

[95] Hanai H, Iida T, Takeuchi K, Watanabe F, Maruyama Y, Andoh A, Tsujikawa T, 

Fujiyama Y, Mitsuyama K, Sata M, Yamada M, Iwaoka Y, Kanke K, Hiraishi H, 

Hirayama K, Arai H, Yoshii S, Uchijima M, Nagata T, Koide Y. Curcumin maintenance 

therapy for ulcerative colitis: randomized, multicenter, double-blind, placebo-controlled 

trial. Clin Gastroenterol Hepatol. 2006;4:1502-6. 



[96] Suskind DL, Wahbeh G, Burpee T, Cohen M, Christie D, Weber W. Tolerability of 

curcumin in pediatric inflammatory bowel disease: a forced-dose titration study. J 

Pediatr Gastroenterol Nutr. 2013;56:277-9. 

[97] Salh B, Assi K, Templeman V, Parhar K, Owen D, Gómez-Muñoz A, Jacobson K. 

Curcumin attenuates DNB-induced murine colitis. Am J Physiol Gastrointest Liver 

Physiol. 2003;285:G235-43. 

[98] Ukil A, Maity S, Karmakar S, Datta N, Vedasiromoni JR, Das PK. Curcumin, the 

major component of food flavour turmeric, reduces mucosal injury in trinitrobenzene 

sulphonic acid-induced colitis. Br J Pharmacol. 2003;139(2):209-18. 

[99] Deguchi Y, Andoh A, Inatomi O, Yagi Y, Bamba S, Araki Y, Hata K, Tsujikawa 

T, Fujiyama Y. Curcumin prevents the development of dextran sulfate Sodium (DSS)-

induced experimental colitis. Dig Dis Sci. 2007;52:2993-8. 

[100] Camacho-Barquero L, Villegas I, Sánchez-Calvo JM, Talero E, Sánchez-Fidalgo 

S, Motilva V, Alarcón de la Lastra C. Curcumin, a Curcuma longa constituent, acts on 

MAPK p38 pathway modulating COX-2 and iNOS expression in chronic experimental 

colitis. Int Immunopharmacol. 2007;7:333-42. 

[101] Larmonier CB, Uno JK, Lee KM, Karrasch T, Laubitz D, Thurston R, Midura-

Kiela MT, Ghishan FK, Sartor RB, Jobin C, Kiela PR. Limited effects of dietary 

curcumin on Th-1 driven colitis in IL-10 deficient mice suggest an IL-10-dependent 

mechanism of protection. Am J Physiol Gastrointest Liver Physiol. 2008;295:G1079-

91. 

[102] Arafa HM, Hemeida RA, El-Bahrawy AI, Hamada FM. Prophylactic role of 

curcumin in dextran sulfate sodium (DSS)-induced ulcerative colitis murine model. 

Food Chem Toxicol. 2009;47:1311-7. 



[103] Ahsan H, Parveen N, Khan NU, Hadi SM. Pro-oxidant, anti-oxidant and cleavage 

activities on DNA of curcumin and its derivatives demethoxycurcumin and 

bisdemethoxycurcumin. Chem Biol Interact. 1999;121:161-75. 

[104] Epstein J, Docena G, MacDonald TT, Sanderson IR. Curcumin suppresses p38 

mitogen-activated protein kinase activation, reduces IL-1beta and matrix 

metalloproteinase-3 and enhances IL-10 in the mucosa of children and adults with 

inflammatory bowel disease. Br J Nutr. 2010;10:824-32. 

[105] Venkataranganna MV, Rafiq M, Gopumadhavan S, Peer G, Babu UV, Mitra SK. 

NCB-02 (standardized Curcumin preparation) protects dinitrochlorobenzene- induced 

colitis through down-regulation of NFkappa-B and iNOS. World J Gastroenterol. 

2007;13:1103-7. 

[106] Hofmanová J, Straková N, Vaculová AH, Tylichová Z, Safaříková B, Skender B, 

Kozubík A. Interaction of dietary fatty acids with tumour necrosis factor family 

cytokines during colon inflammation and cancer. Mediators Inflamm. 

2014;2014:848632. 

  



FIGURE LEGENDS 

Figure 1. Physiopathology of IBD. (A) The intestine is the largest mucosal surface 

exposed to the external environment. It constitutes an interface between the host and the 

luminal contents, which include nutrients and the highest count of resident microbes. 

Thus, the intestinal immune system meet more antigens than any other part of the body 

and it must discriminate between invasive organisms and harmless antigens, such as 

food, proteins and commensal bacteria, to prevent infections or preserve the 

homeostasis. This intestinal homeostasis depends on the dynamic interaction between 

the microbiota, the intestinal epithelial cells and the resident immune cells, which 

coordinate a response that keeps the balance between immunity and tolerance. (B) A 

breakdown of this balance triggers the chronic inflammatory process that characterizes 

inflammatory bowel disease. There are often several pre-existing conditions that lead to 

the disease: first of all, a genetic susceptibility of the intestinal immune system to 

distinguish an environmental antigen presented within the gastrointestinal tract; 

secondly, the contact with the antigen; and finally, usually do to an alteration of the 

permeability, the antigen is presented to the gastrointestinal mucosal immune system 

through its paracellular passage, which triggers the inflammatory cascade.  

During early inflammation, luminal antigens activate the different innate immune cells 

located in the intestine, including natural killer cells, mast cells, neutrophils, 

macrophages and dendritic cells, and maintained inflammatory reaction promotes the 

activation of the adaptive immune response. Abnormally activated effector CD4+ T 

helper (Th) cells synthesize and release different inflammatory mediators that generate 

an amplified inflammation that originates chronic tissue injury and epithelial damage. 

Figure 2. Chemical structures of Aloe vera compounds. 

Figure 3. Chemical structures of Andrographis paniculada compounds. 

Figure 4. Chemical structures of Artemisia absinthium compounds 

Figure 5. Chemical structure of boswellic acid 

Figure 6. Chemical structures of Cannabis sativa compounds 

Figure 7. Chemical structure of curcumin 
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Table 1. Clinical trials of botanical drugs in patients with inflammatory bowel disease 

Herbal 
preparation Study design Nr. 

Patients 
IBD 
type Dose Comparator Frequency Endpoint Ref. 

Aloe vera 

Randomized, 
Double-blind 

controlled 
study 

44 UC 100 ml 
twice/day Placebo 4 weeks 

Aloe vera produced a significantly better clinical 
response than in those receiving placebo. The 
Simple Clinical Colitis Activity Index and 
histological scores decreased significantly during 
treatment with aloe vera but not with placebo. 

42 

Andrographis 
paniculada 

(HMPL-004) 

Randomized 
Double-blind 
multicentre 

120 UC 1.2 g/day Mesalazine 
(4.5 mg/day) 8 weeks 

There were no significant difference between the 
two treated groups when considering the clinical 
efficacy rates or the safety profile. 

48 

 

Randomized 
Double-blind 

placebo-
controlled 

224 UC 1.2 g/day and 
1.8 g/day Placebo 8 weeks 

 
Patients treated with the extract, mainly at the 
highest doses, were more likely to achieve 
clinical response than those receiving placebo, 
whereas the incidence of adverse events was 
similar among groups, although the occurrence 
of rash was higher in the HMPL-004 extract 
groups. 

49 

Artemisia 
absinthium 

Randomized 
Double-blind 
multicentre 

40 CD 3 x 500 
mg/day Placebo 10 weeks 

 
After 8 weeks of treatment with wormwood, 
there was almost complete remission of 
symptoms in 65% of the patients, whereas no 
beneficial effect was observed in those receiving 
the placebo. 

60 

 

Randomized 
Double-blind 
multicentre 

20 CD 

3 x 750 
mg/day (in 
addition to 
standard 
therapy) 

Stardard 
therapy 

+PLACEBO? 
6 weeks 

 
Wormwood administration promoted the clinical 
improvement of the symptoms in all the patients. 
The beneficial effect was associated with a 
significant decrease in TNFα serum levels in 
comparison with those obtained in the placebo 
group, where no amelioration in the disease was 
observed. 

61 



 

Herbal 
preparation Study design Nr. 

Patients 
IBD 
type Dose Comparator Frequency Endpoint Ref. 

         

Broswellia 
serrata 

(Gum resin) 
- ? UC 750 mg  

(3 x 250 mg) 
Sulfasalazine 
3g (3 x 1g) 6 weeks 

All parameters tested improved after treatment 
with Boswellia serrata gum resin, the results 
being similar compared to controls: 82% out of 
treated patients went into remission; in case of 
sulfasalazine remission rate was 75%. 
 

66 

(Gum resin) - 30 UC? 900 mg 
(3 x 300 mg) 

Sulfasalazine 
3g  (3 x 1g) 6 weeks 

Patients showed an improvement in several 
parameters: stool properties, histopathology as 
well as scanning electron microscopy, besides 
haemoglobin, serum iron, calcium, phosphorus, 
proteins, total leukocytes and eosinophils. The 
remission was higher in patients treated 
with Boswellia serrata  

67 

(Boswelan) 

Randomized 
Double-blind 
multicentre 

placebo-
controlled 

 
82 
 

CD 2.4 g/day Placebo 12 months 
(52 weeks) 

Boswelan showed a safety profile during the 
long-term therapy but the results obtained did 
not show a higher efficacy when compared with 
placebo. 

68 

Cannabis 
sativa 

Retrospective 
Observation 

study 
30 CD - - - 

Cannabis administration was associated with an 
improvement in disease activity and a reduction 
in the need of other medications, as well as a 
reduced risk of surgery. 

85 

 
Prospective 

Placebo-
controled 

21 CD 

 2 cigarettes 
containing 
115mg of 
THC /day   

Placebo  8 weeks 

 
It has been reported a significant amelioration of 
the CD activity index in the majority of the 
subjects after cannabis treatment in comparison 
with placebo administration; in fact, complete 
remission was achieved in half of the subjects in 
the cannabis group, whereas it only occurred in 
10% of the placebo group patients 

86 

Herbal Study design Nr. IBD Dose Comparator Frequency Endpoint Ref. 



preparation Patients type 

Curcuma 
longa 

Open-label 
pilot study 5 UC  

1.100g/day 
(550mg x2) 
for 1 month, 
then 1.650 
g/day (550 

mg x3) for 1 
month 

 

- 2 months 

 
The results from this study revealed that the 
treatment of these patients with curcumin for two 
months resulted in an overall improvement in all 
the patients, as evidenced by amelioration of the 
serological parameters evaluated (erythrocyte 
sedimentation rate and C-reactive protein) as 
well as the disease activity index followed, 
together with a reduction in the dose of 
medication, or even suppression. In the CD 
group, all patients also referred fewer bowel 
movements, less diarrhoea, as well as less 
abdominal pain and cramping 
 

94 

 Open-label 
pilot study 5 CD 

1.080 g/day 
 (360mg x3) 
for 1 month, 
then 1.440 

g/day for two 
months 

- 3 months  

 

Randomized 
Double-blind 
multicentre 

placebo-
controlled 

89 UC 
2 g/day plus 
sulfasalazine 
or mesalazine 

Placebo plus 
sulfasalazine 
or mesalazine 

6 months 

 
The relapse rate was significantly higher in the 
placebo group, receiving only the 
aminosalicylate (20.5%), than in the curcumin-
treated cohorts (4.7%). During the period of the 
study it was reported a marked reduction of the 
disease-associated clinical activity index and the 
endoscopic index scores 
 

95 
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