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Abstract: Several chronic diseases derive from metabolic, genetic, or inflammatory causes and often these
causes are interconnected. Pharmacological treatments, although effective, often lead to unpleasant side effects.
In this context, preventive approaches are of growing interest. The literature data of recent years support that
the dietary intake of bioactive compounds can positively influence the biological functions of an organism.
Among the bioactive compounds in the diet, polyphenols are widely recognized for their beneficial effects on
health, as useful compounds for preventing/combating a series of pathologies related to lifestyle, metabolism,
and aging. The artichoke (Cynara scolymus L.), a member of the Asteraceae family, is widely used in the food
and herbal medicine fields for its beneficial properties. Artichokes are rich in polyphenols (including cynarin),
flavonoids and their derivatives, and, for this reason, they have aroused interest in their pharmacological
properties. The best-known activity of polyphenols is antioxidant activity. Through it, they help to neutralize
free radicals, preventing cellular damage and the subsequent risk of conditions such as cancer, diabetes, and
heart disease. Related to the antioxidant action we find the anti-inflammatory activity. This is an important
benefit since chronic inflammation is a cause or contributory cause of many chronic diseases. Although many
scientific results are of great interest and potential, there are still gaps to be filled. In this review, we report and
discuss new insights providing documented evidence regarding the benefits of the artichoke compounds and
their possible use to support the pharmacological treatment of pathologies associated with inflammation.
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1. Introduction

Polyphenols are a broad class of organic substances with important human health benefits.
Every day, the diet provides varying amounts of polyphenols, which are concentrated in plant-based
products such as fruits, vegetables, spices, nuts, cocoa, tea, and extra virgin olive oil. Some plant
sources are particularly rich in polyphenols, which are extracted, concentrated, and marketed for
their health benefits [1]. Examples of polyphenol-rich plant extracts include those from artichoke.

Artichoke (Cynara cardunculus var. scolymus), a member of the Asteraceae family, is native to
the Mediterranean area (North Africa and southern Europe) and widely used as food and in medicine.
Italy holds the world record in the production of this vegetable (approximately 30%): the areas of
greatest production are Sicilia, Sardinia, and Apulia [2]. Artichokes leaf extracts contain abundant
polyphenols (especially chlorogenic acid and cynarin), flavonoids, and their derivatives known for
their health effects [3].

The consumption of artichoke, especially the leaves and the extract, has proven to be effective in
reducing the levels of bad cholesterol in the blood, helping to prevent cardiovascular diseases, thanks
to the presence of inulin, a fiber, and various acids. Furthermore, artichoke is able to reduce the level
of triglycerides. It is also rich in antioxidants useful in counteracting the action of free radicals.

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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Artichokes contain chlorogenic acid (CLA), a strong antioxidant useful in the prevention of
cardiovascular and atherosclerotic diseases. In this regard, some Italian scientists, in the middle of
the last century, isolated a compound from artichoke leaves, cynarin, the major dicaffeoylquinic acid
derivative of artichoke, that seemed to duplicate many of the effects of the whole artichoke [4]. Most
studies concerning beneficial effects of artichoke extracts are linked to the antioxidant potential of
phenolic contents, such as CLA, caffeic acid, cynarin and flavonoids. Mono- and di-caffeoylquinic
acid derivatives are major polyphenols of artichoke [5].

These components have widely attracted scientific interest for their multiple pharmacological
properties, such as antioxidant, anti-inflammatory, anti-microbial, lipid-lowering, and anticancer
effects [6,7]. It has been reported that artichoke leaf extract (ALE) attenuates oxidative stress and
lipoprotein dyshomeostasis in rats fed on high cholesterol diet [8], as well as in streptozotocin-
induced diabetic rats [9]. Similarly, the ethanol extract of artichoke exhibited significant protective
effects against acute alcohol-induced liver injury, probably through anti-inflammatory and
antioxidant effects [10].

Scientific observations have also shown that artichoke exhibits anti-inflammatory effects on
tissue plasminogen activator-induced inflammation and antitumor activity in an in vivo
carcinogenesis assay [11]. Furthermore, it has been widely reported that artichoke extract is very well
tolerated by the human body, as no obvious side effects have been observed even after prolonged
administration for several months [12]. For these reasons, artichoke might deserve broad prospects
for application in the treatment of chronic inflammation-based diseases due to its antioxidant and
anti-inflammatory effects.

Intestinal anti-inflammatory effects of artichoke pectin and modified pectin fractions in the
dextran sulfate sodium model of mice colitis have been recently reported, highlighting the significant
improvement due to the administration of artichoke pectin of inflammatory bowel disease in the
animal model of colitis [13].

In case of intestinal diseases, the vascular barrier, essential for maintaining homeostasis, may be
damaged and becomes more permeable. This malfunction of the intestine-vascular unit causes the
leakage of inflammatory and bacterial mediators. Once the molecules pass through the bloodstream
they can migrate to any organ in the body, including the brain [14].

In this review, we provide a comprehensive summary and present advances in understanding
the mechanisms by which artichoke extracts modulate inflammatory biomarkers by exerting a
protective role against inflammation and oxidative stress. We also provide perspectives on the use
of artichoke extracts in the control of inflammation and suggest further studies that will help
evaluate the efficacy of artichoke extracts in the therapy of human inflammatory diseases.

2. Phenolic compounds isolated from ALE (Cynara scolymus L.)

The bioactive richness of ALE is well-documented for the low-fat content and elevated levels of
minerals (K, Na, and P), vitamin C, insoluble fibers, and inulin [15] with a notable presence of various
phenolic compounds and derivatives that can be categorized into three main classes: flavonoids,
phenolic acids, and polyphenolic amides [16]. The class of flavonoids includes cynarins, luteolin,
quercetin, and apigenin while the class of phenolic acids in artichoke is mainly represented by
chlorogenic, caffeic, and ferulic acids. Further contributing to the overall artichoke polyphenolic
content, luteolin-7-O-glucoside and cynaroside belong to the class of polyphenolic amides. Among
all these compounds, cynarin stands out as a key player, renowned for its potential hepatoprotective
effects [4] and, consequently, studies have delved into its role in promoting liver health, making it a
focal point in the exploration of artichoke consumption benefits. Chlorogenic acid (CLA), another
prominent constituent of ALE, is widely distributed across plants and fruits. Its widespread acclaim
stems from its antioxidant properties contributing to the overall health benefits associated with
artichokes significantly [5]. CLA, by mitigating oxidative stress, becomes a valuable component in
the pursuit of well-being. Luteolin, quercetin, and apigenin are pivotal elements found in ALE with
anti-inflammatory properties and scavenging activities adding a layer of complexity to the spectrum
of benefits linked to artichoke consumption. In fact, the range of positive effects spans from
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cardiovascular support to potential anticancer properties [17]. Still, it should be mentioned that these
flavonoids, working in harmony, create a synergy that enhances the overall impact, fostering
antioxidant defenses, mitigating inflammation, and contributing to liver protection. The nuanced
interplay of these compounds underscores the holistic approach of ALE in conferring health benefits.
Whether it be through antioxidant fortification, anti-inflammatory prowess, or liver support, the
amalgamation of these bioactive entities paints a comprehensive picture of the potential advantages
associated with the consumption of ALE. Noteworthy, the composition of phenolic compounds in
ALE can exhibit variability since factors such as the artichoke variety, growing conditions, and the
methods employed in the extraction process play a role in shaping the final profile of bioactive
components.

Focusing to differences caused by artichoke variety, the study conducted by Negro et al. [18],
accounting for a qualitative and quantitative assessment of the phenolic profile of six varieties
cultivated in the Mediterranean area. The analysis included three bract orders and various plant parts,
including flower heads and leaves, at different developmental stages. Using a HPLC-MS based
approach, 14 compounds, belonging to hydroxycinnamate and flavone groups, were identified. The
total phenolic content varied significantly between genotypes (P < 0.05) and plant parts (P < 0.01),
with ALE generally having higher levels than those extracted from heads. One variety, the "Violet de
Provence", displayed the highest phenolic content in both capitula and leaves (66,658.20 and 82,625.63
mg/kg fresh matter, respectively) confirming data provided by previous studies on the same variety
[19,20]. In the study carried out by Negro et al. [18] hydroxycinnamic acids, particularly CLA and
cynarin, were identified as major compounds, contributing to the choleretic and antioxidant
properties of artichoke. Authors also observed a decrease in hydroxycinnamic acids from immature
to mature flower heads. Still, luteolin derivatives — especially luteolin-7-O-rutinoside and luteolin-7-
O-glucoside — were abundant in flower heads and leaves, with variations across developmental
stages. The study found no significant influence of the year on polyphenol content, suggesting that
genotype and plant part are primary factors affecting polyphenol levels in artichoke. A different
study [7] profiled three different artichoke varieties, including “Violet”, and based on methanolic
extracts, the Folin-Ciocalteu colorimetric method used to quantify total phenols in ALE allowed to
assess the “Violet” exhibit the lowest phenol amount compared to others, i.e., “Green Globe” and
“Imperial Star”.

Besides the instrument (e.g., LC-MS, GC-MS, or NMR) used for the ALE profiling and
compound identification, the polyphenol content also fluctuates based on the extraction method
employed [21]. On average, CLA (5-O-caffeoylquinic acid) is the most abundant single substance
(~39%), followed by other caffeic acid derivatives, such as 1,5-O-dicaffeoylquinic acid (~21%) and 3,4-
O-dicaffeoylquinic acid (~11%) [15]. Among phenolic acids, CLA is recognized as the primary
substance and, consequently, serves as the marker for quality control in the trade of artichoke herbs.
Regarding a specific analytical method for assessing the quality of dry artichoke leaves, The European
Pharmacopoeia (Ph. Eur.) stipulates that artichoke leaves used as herbal drugs should contain a
minimum of 0.7% chlorogenic acid. However, the defined method, involving heat reflux with two
cycles of heating the sample in methanol up to 70 °C for 1 h each, is time-consuming and requires a
substantial quantity of organic solvents. Consequently, subsequent various studies have delved into
this area of research. Stumpf et al. [22] investigated the suitability of ultrasound-assisted extraction
(UAE) as a potential replacement for the standard Ph. Eur. procedure in extracting phenolic
compounds from artichoke leaves. This study considered concentrations of specific phenolic
compounds and their antioxidant properties, examining additional factors such as the choice of
solvent. While organic solvents are commonly used for laboratory analysis, the industry frequently
relies on hot water for extracting phenolic compounds from herbal drugs. Stumpf et al. compared the
phenolic compound yield from methanol extraction (ME) to that from hot water extraction (HWE).
They observed a wide variation in the concentration of CLA, ranging from 0.80% to 3.38% dry matter
in ME. The maximum concentration was approximately four times higher than the minimum.
Comparisons between ME and UAE extracts showed similar concentrations of CLA and antioxidant
capacity whereas UAE extracts exhibited significantly lower levels of total phenolic content,
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cynaroside (-16%), total flavonoids (-11%), and total phenol content (-2.5%). On average,
concentrations of caffeoylquinic acids were 4.5 and 5.1 times higher than flavonoid concentrations
for ME and UAE extracts, respectively. Conversely, all parameters measured in HWE extracts were
significantly lower than ME, with reductions in CLA (-9.45%), total caffeoylquinic acids (-25.0%),
cynaroside (-33.6%), total flavonoids (-22.2%), and total phenol content (-9.7%). Notably,
chromatograms of HWE revealed two additional peaks of caffeoylquinic acid derivatives compared
to methanolic extracts [22] (Stumpf et al.). Similarly, Garcia-Castello et al. [23] optimized the
extraction of these compounds from artichoke wastes using hot-water (89 °C) or hot water—ethanol
mixtures (81 °C) as extracting agents. While hot-water proved optimal for simultaneous inulin and
polyphenol extraction, water—ethanol (EtOH = 22.4%) extractions yielded the best results in terms of
total phenol content (90%) and scavenging activity (38%) despite decreased content of inulin
extracted. Using GC-MS profiling, Abd El-Ghany [24] specifically concentrated on peaks of volatile
compounds from ALE that varied as the consequence of ethanolic vs. methanolic sample processing,
identifying 21 and 22 different VOCs, respectively. A significant disparity was observed for identified
VOCs, as well as their relative quantification. In fact, only Luteolin and Homobutein were found in
both ALEs, while all other identified compounds (i.e., 19 and 20 for ethanolic vs. methanolic ALEs,
respectively) were individually detectable based on the extraction protocol adopted.

3. Biological activities of sesquiterpene lactones derived from artichoke.

Between significant bioactive phytochemical, artichoke also contains considerable amounts of
sesquiterpene lactones, such as cynaropicrin, that possess several biological activities. In this regard,
cynaropicrin exhibits anti-inflammatory, anti-tumor, antioxidative, antiparasitic, antiphotoaging
agent, anti-hyperlipidemic activities and anti-inflammatory properties [25,26].

The bioavailability of both polyphenols and sesquiterpene lactones from artichoke was
evaluated using Caco-2 cells monolayers as a model of absorption in the large intestine confirming
that artichoke is a nutritionally relevant source of both phenolic compounds and sesquiterpene
lactones [27].

The content of sesquiterpene lactones in artichoke leaves is variable and strongly influenced by
the cultivar. Apart from cynaropicrin, dehydrocynaropicrin, and grosheimin, the other two
sesquiterpene lactones cynaratriol, and 8-deoxy-11,13-dihydroxygrosheimin can be present in a
comparable amount in artichoke leaves [28].

The protective and therapeutic potential of cynaropicrin seems to correlate to the increased the
expression of several antioxidant genes, such as glutamate—cysteine ligase and heme oxygenase-1, by
promoting the activation of the transcription factor nuclear factor E2-related factor 2 (Nrf-2) [29]. Nrf2
is considered the master regulator of natural antioxidant defense; this molecule is able to protect brain
cells from ischemic lesions, since, after ischemic damage, the impairment of Nrf2 amplifies the degree
of cerebral infarction, aggravating the neurological damage [30]. This natural product has been
reported to be involved in the inhibition of NF-kB: Jin et al. reported that cynaropicrin has an anti-
inflammatory property associated with the suppression of the NF-kB pathway [31]. In particular,
cynaropicrin counteracts in a dose-dependent manner both the oxidative stress and
neuroinflammation in an animal model of ischemic/reperfusion injury by inhibiting the NF-«xB
transcriptional activation pathway. NF-«B activation is known to occur as an immediate reaction to
stroke onset and plays a key role in BBB disruption, inflammation, and cell apoptosis, thus suggesting
that cynaropicrin can serve as an effective therapeutic agent for cerebral ischemia-reperfusion injury
[31]. In addition, cynaropicrin causes potent inhibition of hematopoietic tumor cells in vitro and in
vivo by inhibiting c-Myc, STAT3, AKT, and ERK1/2, and by suppressing the tubulin network as
reported by Boulos et al. [32].

Matsumoto et al., in addition, demonstrated that the methanolic extract of the leaves of artichoke
Cynara scolymus L. was found to inhibit NO production in LPS-stimulated RAW264.7 cells. It was
demonstrated, in fact, that six different sesquiterpene lactones, including cynaropicrin, from
artichoke leaves were able to inhibit not only NO production but also iNOS induction in LPS-
stimulated RAW264.7 cells [33].
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Moreover, the anti-inflammatory effects of the artichoke extract and cynaropicrin was also
evaluated on Porphyromonas gingivalis (P. gingivalis) LPS-induced expression of inflammatory
cytokines in human gingival fibroblasts, which provide a tissue framework for tooth anchorage and
function as inflammation regulators being the major cells in periodontal connective tissues. In this
work was found that cynaropicrin inhibited IL-8 and IL-6 mRNA and protein synthesis in LPS-
stimulated human gingival fibrblasts in a dose-dependent manner and that inhibition of P. gingivalis
LPS-induced IL-8 and IL-6 expression by cynaropicrin may be due to the inhibition of the NF-xB
pathway. In the same work was also investigated the potential of cynaropicrin to inhibit
differentiation of RAW264.7 into osteoclast-like cells, showing that cynaropicrin can reduce
drastically RANKL-induced osteoclast differentiation. Cynaropicrin, therefore, seems that may be
useful for preventing periodontal diseases and could be a valuable molecule in the development of
more efficiently preventative approaches for periodontal diseases [34].

4. Antimicrobial activity of ALE (Cynara scolymus L.)

The surge in antimicrobial resistance has spurred intensive research into alternative therapeutic
agents, and plant-derived compounds have emerged as promising candidates [35]. While artichoke
extract has a history of medicinal use, its potential as an antimicrobial agent has not been extensively
explored although some studies suggest a broad inhibitory activity against various microorganisms
until to indicate a potential application in the food industry [36]. Understanding the synergy and
interactions between these constituents is crucial for unraveling the mechanisms of artichoke's
antimicrobial effects. Research suggests that artichoke extracts exhibit antimicrobial effects through
multiple mechanisms. Caffeoylquinic acids, for instance, have been shown to disrupt bacterial cell
walls [36,37], while flavonoids may interfere with microbial enzyme activity [38]. These compounds
collectively demonstrate a broad spectrum of antimicrobial activity against bacteria, fungi, and even
some viruses [24,39,40]. The specific molecular targets of artichoke extracts vary, providing a versatile
profile for combating diverse pathogens. Numerous studies have investigated the antibacterial
potential of artichoke extracts against both Gram-positive and Gram-negative bacteria. Extracts have
shown inhibitory effects on the growth of common pathogens such as Staphylococcus aureus,
Escherichia coli, and Salmonella spp. [24,39,40]. The ability of artichoke extracts to modulate bacterial
virulence factors further emphasizes their potential role in preventing and treating bacterial
infections. Artichoke extracts also exhibit antifungal properties, making them potential candidates
for addressing fungal infections. Research has demonstrated inhibitory effects against various fungi,
including Candida species [39]. The interference with fungal cell membrane integrity and the
modulation of key enzymes contribute to the antifungal efficacy of artichoke extracts. While the
antiviral effects of artichoke extracts are less explored compared to antibacterial and antifungal effects,
preliminary studies suggest potential inhibitory activity against certain viruses. This includes
inhibition of viral replication and interference with viral attachment to host cells [41,42]. However,
further investigations are needed to elucidate the specific mechanisms and potential applications in
antiviral therapies or concerning the combination between artichoke extracts and antibiotics or
antifungals to enhance their efficacy and to reduce the required doses and minimizing the risk of
resistance development.

5. Pharmacological Studies of ALE and Health Benefits

Deng et al reported a study regarding the ability of water extract from artichoke (WEA) to
ameliorate high-fat diet (HFD)-induced non-alcoholic fatty liver disease in rats [43]. The authors
revealed that in this in vivo model, WEA administration to animals determined a marked reduction
of both hepatic protein and mRNA levels of pro-inflammatory cytokines (TNF-a, IL-13, and IL-6)
[43]. Interestingly, the histopathological analysis revealed that the livers of rats treated with WEA
showed a significant reduction in steatosis, and lobular inflammation. It is known that HFD-induced
obesity is associated with insulin resistance and hyperglycemia, however findings of this study
showed that treatment with WEA induced a significant decrease in serum glucose and insulin levels,
suggesting that serum glucose reduction was not possibly be related to the reduced serum insulin
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levels. Mechanistically, may be a possible involvement of the insulin signaling pathway. In fact, the
PI3K-Akt plays a potential role in the insulin signaling pathway, being a key regulator of
gluconeogenesis and glycogen synthesis, thus the observed increase of Akt phosphorylation at Ser473,
in in vivo model, suggested a mechanism through which the WEA administration reduces liver
insulin resistance [43]. Since inflammation promotes insulin resistance in tissues as the liver, it is
possible that inhibiting insulin signal transduction may reduce the inflammatory state observed in
WEA-treated rats with non-alcoholic fatty liver disease. Interestingly, previous observations report
that artichokes reduced postprandial glycemic and insulinemic responses in normal subjects [4], thus
evidencing that improved insulin signaling in the liver might partly be attributable to the reduced
inflammation observed in WEA-treated rats [43].

Cynarin, the main derivative of dicaffeoylquinic acid present in artichokes, is a biologically
active functional food component. It has various pharmacological properties, including antioxidant
activity [5]. Furthermore, cynarin has been shown to exert an inhibitory effect on the expression of
the inducible form of NOS (iNOS) induced by a pool of cytokines containing interferon (IFN)-vy, IL-
18 and TNF-a in arterial smooth muscle cells human coronary artery [44]. To investigate the
mechanisms by which cynarin exerts anti-inflammatory activity, the study conducted by Kim et al
showed that cynarin suppressed the lipopolysaccharide (LPS)-induced increase of vascular cell
adhesion molecule-1 expression levels and of proinflammatory mediators such as monocyte
chemoattractant protein-1 (MCP-1), TNF-a, and IL-1§ in human endothelial cells [45]. Furthermore,
cynarin inhibited the activation of p38 and NF-kB pathways by inducing the negative regulator of
mitogen-activated protein kinase phosphatase 3 (MKP-3) in LPS-stimulated endothelial cells. These
observations show that cynarin alleviates inflammation by upregulating MKP-3, a negative regulator
of p38 and NF-«B, suggesting that this compound may represent a therapeutic option for the
treatment of diseases related to endothelial inflammation [45].

In the following paragraphs we analyze the anti-inflammatory actions of artichoke extracts
during gastrointestinal, cardiovascular, and neurodegenerative disorders.

6. Beneficial Health Effects of Artichoke on Inflammatory and Gastrointestinal Diseases

As discussed in various studies bioactive compounds play an important role in modulating
inflammation, managing, and preventing many inflammatory diseases, including the inflammatory
bowel diseases (IBD) targeting gut microbiota [46,47]. As it was already mentioned, artichoke is a
widely consumed vegetable known for its potential health benefits. Its function in relation to
inflammatory and gastrointestinal (GI) illnesses is the focus of this section. Although artichoke has a
rich culinary history, recent scientific research has revealed its therapeutic properties, indicating its
potential to ameliorate various GI disorders and to exert antioxidant and anti-inflammatory effects
(Figure 1). This section explores the latest research about the beneficial health effects of artichoke in
modulating inflammatory responses, improving GI health, and preventing the GI diseases.

Oxidative stress
Pro-inflammatory factors
Gut dysbiosis
Epithelial edema

Artichioks Lasf Extract Anti-inflammatory factors

ALE Cellular Autophagy

Mucin content
Epithelial barrier
Gut Inflammation Gut Homeostais

Figure 1. Anti-inflammatory action of ALE in IBD.
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Recent study investigating the health benefits of human serum enriched with ALE on a cellular
model and its potential effects on various chronic inflammatory diseases showed protective effect on
human hepatocytes against lipotoxic stress. Additionally, ALE was able to prevent the excessive
hypertrophy and differentiation of adipocytes and exhibited chondroprotective properties in an
inflammatory context. This suggests that plant-derived micronutrients, particularly polyphenols
found in artichokes, known with their powerful antioxidant potential could offer a promising
alternative aimed at addressing chronic diseases associated with inflammation and metabolic
dysregulation [48]. Furthermore, the artichoke extracts, derived from artichoke stems, are rich in
phenolic compounds, characterized by low dietary fiber and high carbohydrate content, making
them a potential fat-free ingredient with significant antioxidant properties. Of particular interest, is
the abundance of chlorogenic acid, a type of caffeoylquinic acid known also by its antioxidant activity.
Remarkably, these artichoke extracts exhibited both antioxidant and anti-inflammatory properties
when tested on LPS-stimulated human THP-1 macrophages. Considering the critical role of
intestinal macrophages in maintaining GI tract homeostasis, recent research has highlighted the
significance of these immune cells. Disruptions in macrophage abundance and function have been
associated with the disturbances in gut homeostasis, leading to chronic inflammation associated with
various GI diseases [49,50]. Based on these findings, it is suggested that Artichoke extract may
indirectly contribute to GI homeostasis by influencing intestinal macrophages, implying a potential
avenue for further investigation.

Another study by Speciale et al., it was investigated the molecular mechanisms underlying the
protective effects of a polyphenol-rich extract obtained from Cynara cardunculus L. leaves (CCLE),
widely grown in Mediterranean basin, against acute intestinal inflammation induced by TNF-a in
differentiated Caco-2 cells [51]. It is well documented, in fact, that the IBDs are characterized by
overactive mucosal immune cells and dysregulated cytokine production, leading to chronic
inflammation [52].

CCLE exhibited a protective effect against the activation of the NF-xB pathway induced by TNF-
a. Moreover, CCLE was able to modulate the expression of the proinflammatory cytokine IL-§,
triggered by NF-kB pathway activation. Additionally, COX-2 expression induced by TNF-a was
inhibited by CCLE. Furthermore, CCLE has also demonstrated the ability to enhance cellular
antioxidant defense against an altered intracellular redox status induced by TNF-a. This effect
involving potentially Nrf2 pathway activation. Despite being considered a waste, CCLE can be used
to produce extracts rich in bioactive polyphenols that may be useful in the prevention and treatment
of IBDs [51].

In the same context, another study on experimental colitis mouse model found that CCLE
treatment attenuated several IBD-related symptoms, including diarrhea and anal edema. While it
didn’t promote significant weight recovery. Moreover, CCLE was shown to increase colon length,
reduced fecal hemoglobin in a dose-dependent manner, and reduced alkaline phosphatase (ALP)
levels in colitic mice. It has also reduced significantly the pro-inflammatory cytokine TNF-a,
suggesting an anti-inflammatory effect. Furthermore, CCLE seemed to protect renal function, as
evidenced by the decreased urea and creatinine levels. However, it did not reverse hepatic alterations
induced by colitis. This study highlights the anti-inflammatory potential of CCLE and suggests its
role as a complementary therapeutic approach for IBD management, with potential applications in
chronic cases and through oral administration [53].

Additionally, as it was previously demonstrated ALE have also shown choleretic,
hepatoprotective, bile-enhancing, anti-microbial, hypocholesterolemic, hypoglycemic and anti-
cancer effects in both in vitro and in vivo research [4,54-59].

Artichoke by-products are typically discarded even though they contain a high concentration of
dietary fibers, phenolic acids, and other micronutrients. Furthermore, artichoke by-products
extracted from the stems, leaves and bracts, can be used as a good source of pectin [60].

Given the importance of pectin in ameliorating the manifestations of IBDs, recent emerging
research suggests that artichoke pectin exhibited anti-inflammatory effects in mouse model of
dextran sodium sulfate (DSS)-induced colitis [61,62].
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The mice receiving artichoke pectin have shown reduced inflammatory markers such as: TNF-
a, ICAM-L, IL-1p and IL-6 expression. This has resulted in decreased expression of iNOS and TLR4
in favour of reducing inflammation. Interestingly, artichoke pectin increased the intestinal barrier
genes expression, MUC-1 and Occludin. These findings suggest that artichoke pectin has the
potential to ameliorate IBD through anti-inflammatory actions and promoting the expression of
genes associated with intestinal barrier function [13].

Although the etiology of IBD is uncertain, gut microbiota dysbiosis is thought to be a pivotal
factor implicated in the pathogenesis of IBD. Indeed, altering the gut microbiota is a pivotal factor in
the pathogenesis of many inflammatory bowel diseases [63—65]. A recent study conducted by Sasaki
et al. has shown that the consumption of artichoke has altered gut microbiota, reduced cecal pH in
mice on a high fat diet, raised levels of Short-chain fatty acids, which play an important role in the
maintenance of gut and metabolic health. When compared to inulin, they were found to have a
different effect on gut microbiota, but a similar effect on SCFA levels and cecal pH. Other bioactive
components have been shown to affect the microbiota. The organic extract of this variant of artichoke
was predominantly responsible for changing microbiota populations, and that the organic and water-
soluble extracts jointly increased SCFA synthesis and decreased cecal pH [66]. Figure 2 reports ALE
positive effects both in in vitro and in in vivo model of IBD.

Celiac disease (CD), a common heritable chronic inflammatory condition affecting the small
intestine caused by a persistent intolerance to gluten/gliadin (prolamin), is characterized by a
complex interplay between genetic and environmental factors [67-69]. Moreover, Vacca and
colleagues have shown that the gluten-free bread enriched with the leaf extract of artichoke has not
only an antioxidant effects but also was found to modulate the expression of pro-inflammatory
cytokines in Caco-2 cells including decreasing the cellular expression of TNF-a and IL1-(.

This suggests the possible application of the artichoke extract in developing novel gluten-free
products showing improved biological properties that prevent the occurrence of those problems
associated with CD [70] (see Figure 2).
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Figure 2. ALE beneficial on inflammatory and GI diseases.

Taken together, artichoke, with its anti-inflammatory compounds and beneficial effects on GI
tract physiological functions and homeostasis, presents a promising avenue to improve the health
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and well-being of patients diagnosed with IBDs. The growing evidence highlights the potential of
artichoke and its by-products as a valuable bioactive component in the management and prevention
of GI disorders associated with chronic inflammation. However, further clinical research is needed
to elucidate the underlying mechanisms of action, optimal dosages, and long-term effects of
artichoke-based interventions.

7. Anti-inflammatory effects in the cardiovascular system

Cardiovascular diseases (CVDs) represent the main cause of death all over the world. It was
estimated that CVDs killed 17.9 million people in 2019, representing 32% of global deaths. Out of
these deaths, 85% were due to heart attack and stroke [71].

CVDs refers to broad spectrum of diseases that various criteria can categorized them into
different categories. Coronary artery disease, heart failure, myocardial infarction, cardiomyopathies,
peripheral vascular diseases, hypertension, and peripheral vascular diseases represent the most
known CVDs. The etiology of CVDs is complicated, the risk factors which contribute to CVDs could
be unmodifiable (e.g., family history, race, and age) or modifiable (e.g., hypertension, high cholesterol,
obesity, type 2 diabetes) [72].

Moreover, these risk factors can trigger oxidative damage, inflammation, fibrosis, and apoptosis,
which eventually aggravate the progression of CVDs. These mechanisms, in fact, may induce cardiac
hypertrophy, cardiac fibrosis, endothelial dysfunction, vascular stiffness, myocardial ischemia, and,
ultimately, CVDs. Therefore, targeting oxidative stress, inflammation, fibrosis, and apoptosis in
hypertension, dyslipidemia, and hyperglycemia that eventually contribute to CVDs remains a
primary strategy in controlling and managing the development of CVDs.

As also above reported, artichoke is well known for its nutritional values and therapeutic
properties, particularly it is a source of antioxidants, and can serve as an alternative treatment for
various diseases, and accumulated evidence has proven that artichoke, contains many phytochemical
compounds that are considered to be influential in providing various health benefits, especially as
having anti-hyperlipidemic, anti-hyperglycemic, anti-hypertensive, antioxidative, anti-inflammatory,
and anti-fibrosis effects (Figure 3) [73-75].

Artichoke can also be considered a rich source of vitamin C, K and Ca, Fe and Zn [75], as well as
polyphenols [76-78].

All these components have an important scavenging activity against reactive oxygen species
(ROS) and free radicals and perform as a protective shield against oxidative damage to biological
molecules, such as proteins, lipids, and DNA [79].

Hyperlipidemia is characterized as an abnormally high concentration of lipids in the blood, such
as triglycerides (TG), total cholesterol (TC), and low-density lipoprotein cholesterol (LDL-c) and a
reduction in high-density lipoprotein cholesterol (HDL-c) values [80]. This unbalanced lipidic profile
is one of the most relevant risk factors for cardiovascular diseases [81]. The most common causes of
hyperlipidemia are lifestyle habits (smoking, obesity, and sedentarism), type 2 diabetes, alcohol,
lipoprotein lipase mutations, hypothyroidism, and environmental and genetic factors [82].

Different studies have demonstrated that artichoke extracts influence lipid metabolism by
decreasing the production of cholesterol and endogenous triglycerides by acting on their excretion
or redistribution in the organism. They also enhance bile production by increasing the amount of
biliary acids and cholesterol elimination with bile. Salem and coworkers have studied the effect of
ALE on the lipidic profile, cardiac markers, and antioxidant levels in obese rats. They have found that
the addition of ALE (200 mg/kg and 400 mg/kg) induce in rats an improvement of the lipidic profile
due to the decrease in TC, TG, and LDL-c levels and increase in HDL-c levels. Moreover, ALE
addition also decreased the cardiac markers and increased the antioxidant enzyme SOD, GPx, and
GSH activities [83].

Heidarian and colleagues have studied the response of liver phosphatide phosphohydrolase and
lipid profile in hyperlipidemic rats after artichoke extracts addition. The addition of a mix of 10%
artichoke in rat pellets for 60 days induces a decrease in the lipids in the serum and the phosphatide
phosphohydrolase activity, this led to a decrease in the levels of TG [84].
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Subjects with primary mild hypercholesterolemia were treated for 8 weeks with ALE (2 daily
doses of 250 mg) and TC, LDL-c/HDL-c and TC/HDL-c ratio levels was significantly reduces instead
HDL-c, which plays an important role in the prevention of cardiovascular diseases, resulted increased
[85].

To study the modulation of the lipidic profile operated by luteolin, Kwon and coworkers have
evaluated the effect of luteolin-enriched artichoke versus artichoke leaf finding that artichoke leaf
had a higher effect on the lipidic profile than the luteolin-enriched [86].

Also, CLA induces AMP-activated protein kinase and consequently inhibits sterol regulatory
element-binding protein, which results in a reduction in cholesterol synthesis. Moreover, CLA can
also induces [-oxidation and inhibit malonyl-CoA, due to carnitine palmitoyl transferase stimulation,
this decreases triglycerides levels [87].

Lastly, inulin, results capable of modulating the lipid profile by increasing the conversion of
cholesterol in bile salts, subsequently reducing very-low-density lipoprotein and LDL-c serum levels
[88].

Since 1930s scientists discovered that artichoke extract had a positive effect on atherosclerotic
plaques in the arteries. Artichoke extract prevented a rise in serum cholesterol levels and
atherosclerotic plaque manifestations in rats fed with HFD. The effects of artichoke on cholesterol
metabolism could be explain in different ways in fact, it increases the breakdown of cholesterol to
bile salts, it enhances their elimination by stimulating bile production and flow; it also increases the
internal production of cholesterol in the liver. Gebhardt in rat hepatocyte has demonstrated the
inhibiting effect of ALE on cholesterol synthesis founding a highly significant concentration
dependent inhibition of cholesterol synthesis. The reduction of cholesterol synthesis operated by ALE
persisted for some hours following the period of exposure [89].

HMGCoA-reductase is a key enzyme in cholesterol synthesis, and HMG CoA-reductase
inhibitors generally reduce total cholesterol, LDL -cholesterol and triglyceride. Artichoke extract acts
by inducing an indirect inhibition of the enzyme HMG CoA-reductase, reducing the effects caused
by direct inhibitors of HMG CoA-reductase during long-term treatment. In fac, the ALE effectively
blocked insulin-dependent stimulation of HMG CoA-reductase without affecting insulin in general.
[75,90].

Cardioprotective effect of ALE is also provided by the activity of ALE on the regulation of the
endothelial nitric oxide synthase (eNOS) gene. A study has investigated the effects of ALE on
cultured human umbilical vein endothelial cells and has demonstrated that treatment with ALE
increased activity and expression of the e NOS gene and increased nitric oxide production [91]. The
results are confirmed by a randomized placebo-controlled trial conducted on 107 mildly hypertensive
or healthy male subjects, which demonstrated a drop in systolic and diastolic blood pressure after 12
weeks oral administration of concentrate artichoke leaf juice [92].

ALE is also known to have antioxidant potential. Many in vitro studies have demonstrated that
the antioxidant potential of ALE is due to radical scavenging and metal ion chelating effect of its
constituents such as cynarin, CLA and flavonoids [93,94].

The compounds of ALE are also involved in the prevention of development of atherosclerotic
plaques. The anti-atherosclerosis action could be the product of two mechanisms: an antioxidant
effect that reduced lipoprotein low density (LDL) oxidation and the inhibition of cholesterol synthesis
[95].
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8. Anti-inflammatory effects in the brain and protective effects in neurodegenerative diseases

The term “neuroinflammation” refers to the inflammatory response of the system central
nervous system (CNS) to a neuronal insult, mediated by astrocytes and brain cells microglia, the main
cellular mediators of the inflammatory response of the CNS. The cells of microglia constitute the
population of resident macrophages of the CNS, where they represent approximately 10% of the total
cell population; as well as playing a role fundamental in neurogenesis, plasticity and neuronal
regeneration, microglia it is also the first line of defense against any kind of brain damage, having the
ability to phagocytose toxins, release cytotoxic factors and perform the function of presenting cells
the antigen. In the absence of external stimuli, microglia are in an "inactive" state in which, thanks to
its branched cellular morphology, it implements constant monitoring of the neuronal
microenvironment without interfering with the activity of surrounding neurons [96]. However, once
activated, the microglia undergo a morphological modification that leads to take on a mobile
amoeboid shape to be able to reach the site of the insult. The microglial cells can remain active for a
long time, releasing cytokines and neurotoxic factors which may in turn contribute to increasing
neuronal damage. The activation pattern of these cells has allowed their classification into two
phenotypes: the M1 phenotype, or from classical activation, and the M2 phenotype, or from
alternative activation. The M1 phenotype responds to stimulation with lipopolysaccharide and
produces a massive response inflammatory with the release of IL-1e, IL-12, TNFe, while the M2
phenotype generally presents an anti-inflammatory profile [97]. The switching from one phenotype
to another is a dynamic process in which peripheral inflammation plays a decisive role. Apart
microglia, also astrocytes are able to release pro-inflammatory molecules in response to a stimulus.
Several evidence indicates that neurodegenerative diseases are accompanied by neuroinflammation
chronic, which in turn contributes to the progression of neuronal damage [98,99].

Growing evidence suggests the neuroprotective role of polyphenols: underlying a possible
protective effect of polyphenols at the cerebrovascular level can be evoked two main actions. The first
concerns the cardiovascular system: many polyphenols have anticoagulant and antiplatelet activity,
preventing the possible formation of thrombi, the main cause of cerebral ischemia [100]. In addition,
some of these molecules have the ability to reduce hypertension, an important risk factor for cerebral
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hemorrhage. The second action exerted by polyphenols is neuroprotection, which is not only through
a direct action on neurons, but also through an effect on cells that modulate inflammation in the brain,
such as microglia [101]. Many polyphenols are able to regulate gene expression without changing the
Dna sequence. These molecules can modulate the action of histone deacetylase and histone
acetyltransferase, enzymes that control the interaction between Dna and histones, the proteins
responsible for compacting and organizing Dna within the cell nucleus. Through controlling gene
expression regulatory proteins, such as histone proteins and the transcriptional factor NF-kappaB,
polyphenols can thus reduce inflammation and increase the resistance of the heart and brain to
harmful stimuli [102]. For example, resveratrol (RSV), a well-known natural compound present in
plant species belonging to the flavonoid polyphenol family [103], has been reported to display anti-
inflammatory and neuroprotective properties. In this regard, RSV has been reported as a promising
candidate and therapeutic agent for Intracerebral Hemorrhage (IHC) since its administration after
IHC alleviates neuroinflammation and pro-inflammatory effects of microglia by enhancing Sirt3
expression, thus indicating Sirt3 as a potential target for RSV to inhibit inflammation [104]. Recently
a protective effect by micronutrient against ischemic stroke, Alzheimer’s disease (AD), postoperative
cognitive dysfunction, and other CNS disorders it was reported [105-107].

An impressive body of scientific work has investigated the effect of polyphenols in pre-clinical
models of stroke brain [108]. Dozens of compounds have been shown to be effective in both cellular
and animal models of stroke. An interesting aspect of this research is that many of the molecules
tested promoted a beneficial effect not only when administered before the onset of stroke, but also
when brain damage had already been induced. This suggests a potential use of polyphenols not only
in a preventive setting, but also in a post-stroke rehabilitation phase [101].

It is widely demonstrated that oxidative stress is related to neuronal functional alterations
associated with neurodegenerative diseases, including Parkinson's disease (PD) and AD. DNA
damage, oxidative stress, lipid peroxidation and, finally, cell death can be induced by compounds
ascribable to nitrosamines. Albeit to a limited extent, there are observations in the literature that
report how exposure to diethylnitrosamine (DEN), present in processed or preserved foods, can
cause biochemical abnormalities in the brain. Some authors have demonstrated that the methanolic
extract of exogenous artichoke leaves (Cynara scolymus) is able to determine an improvement in the
deleterious effects induced by DEN in the brain of BALB/c mice [109]. In fact, in this animal model it
was observed that the motor alterations and elevated markers of oxidative stress induced by DEN
intoxication were markedly restored by treatment with high doses of artichoke extracts. From a
mechanistic point of view, the artichoke significantly increased the levels of Klotho and PPARy,
factors with neuroprotective action, in the brain tissue of mice exposed to DEN. A significant
reduction in caspase-3 and Bax levels was also observed, while an increase in Bcl-2 was observed
following treatment with artichoke. These results led to the conclusion that artichoke exerted
neuroprotective effects against DEN-induced brain toxicity through antioxidant and antiapoptotic
action [109].

In recent years, there is growing evidence that polyphenols derived from plants have beneficial
effects, and therefore they can be exploited for food purposes for their biological properties, using
them as unique nutraceuticals for the supplementary treatment of metabolic and/or inflammatory
disorders [110]. In particular, the artichoke (Cynara cardunculus) has several beneficial properties for
health. Some research has highlighted both anti-inflammatory, antioxidant and anti-bacterial effects,
as well as the inhibition of cholesterol biosynthesis, oxidation of low-density lipoproteins [111]. These
effects have been attributed to the presence of polyphenolic compounds contained in the artichoke.

In this regard, it was recently found in a mouse model of induced obesity that the ethanolic
extract of Cynara cardunculus leaves has beneficial effects on neuroinflammatory parameters.

It is well known that obesity can cause neuroinflammation and increased oxidative stress in the
brain [112]. In this regard, in a study conducted by Piccinini et al. in mice subjected to a high-fat diet
the effect of the leaf ethanol extract of Cynara cardunculus on inflammatory and oxidative stress in
different brain areas, including hypothalamus, prefrontal cortex, hippocampus, striatum, and
cerebral cortex, was evaluated [111]. From this study it emerges that the ethanolic extract of C.
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cardunculus leaves brought benefits to the brain of obese mice by attenuating the production of
inflammatory cytokines. These results corroborate those of studies indicating that the leaf ethanolic
extract of C. cardunculus may be useful for the treatment of obesity as well as for its anti-
inflammatory and antioxidant properties [111].

Santos et al reported that the polyphenolic content and phytosterols present in the artichoke may
have a protective effect due to their ability to contain oxidative and inhibit inflammatory and
antioxidant inflammatory pathways. In this regard, Guo et al. have demonstrated in in vitro model
of encephalitis that CLA it is able to significantly increase cell survival, and reduce the levels of TLR2,
TLRY and Myd88 as well as suppressing the activation of NF-«B, thus interfering with the signaling
pathways responsible for inflammatory responses [113].

Polyphenols increase serotonin levels in the brain, brain derived neurotrophic factor (BDNF)
production, and reduce inflammation, and this may partly explain their positive effect on mood [114].
Oxidative stress other that induces apoptosis, leading to neuronal damage, is also a crucial factor in
neuroinflammation, anxiety, and depression [115-117].

Isochlorogenic acid B (ICAB, 3,4-Dicaffeoylquinic acid), a dietary flavonoid found in several
plants including artichoke, exhibits multiple pharmacological effects, such as anti-oxidative, anti-
inflammatory, and hepatoprotective effect [118-120]. Very recently, it was reported a study
conducted in a murine model showing that isochlorogenic acid B is able to alleviate lead-induced
anxiety, as well as depression and neuroinflammation by the BDNF pathway. Interestingly, ICAB is
able to inhibit inflammatory response in brain, decreasing the release of pro-inflammatory cytokines,
such as TNF-a and IL-6. and NF-kBp65 phosphorylation, thus suggesting its excellent anti-
inflammatory capacity. In addition, ICAB increases the expression levels BDNF, a factor capable of
providing neuroprotection against anxiety, depression, and memory impairment by increasing
phosphorylation of the transcription factor CREB, implicated in the regulation of genes involved in
the expression of numerous proteins related to neurogenesis [121,122].

Chronic oxidative stress may represent a cause for the development of neurodegenerative
diseases and free radicals may act as secondary messengers capable to modify inflammatory
responses by microglia, altering kinase cascades and activating transcription factors, such as NF-kB
[123,124].

Various studies have demonstrated that modulation of an excessive inflammatory response by
activated microglial cells may attenuate the severity of neurodegenerative diseases [125,126]. It has
been reported in a mouse model of AD that artichoke extracts show neuroprotective efficacy. The
neuroprotective efficacy of ALE was recently studied in a murine model of sporadic AD induced by
streptozotocin, in a preparation made of solid lipid nanoparticles. In this study, in fact, was shown a
significant improvement in cognitive functions and recovery of spatial memory, as well as a marked
reduction of the inflammatory biomarker TNF-a. Furthermore, reduced levels of both f-amyloid and
tau protein were observed. These results suggest the strong potential of artichoke bracts as an herbal
medicine, opening up the use of agro-industrial waste to future medicinal prospects [127].

A study by Mekkey investigated the anti-inflammatory, antioxidant, and anti-apoptotic effects
of whole artichoke dry extract in a mouse model of PD. In particular, this study revealed beneficial
effects against PD experimentally induced by rotenone, highlighting anti-inflammatory and anti-
apoptotic properties in addition to its ability to reduce the expression of alpha synuclein, a
pathological hallmark of PD [128].

From what has been illustrated, it emerges that ALE leaf extracts can represent a valid promising
botanical therapeutic approach for the treatment of neuroinflammation and pathologies associated
with inflammation, including neurodegenerative pathologies (Figure 4). Phytochemical analysis of
artichoke bract extract reveals a high concentration of caffeoylquinic acid, apigenin, luteolin, and
quercetin, highlighting the richness of the total content of phenols and flavonoids. greater
effectiveness of the preparations in order to overcome the problems of bioavailability and/or
degradation of the living organism could derive from the use of nanoformulations, such as solid lipid
nanoparticles, as reported in a previously mentioned study [127]. In any case, the effectiveness of
these compounds is confirmed through evidence of a significant improvement in memory, cognitive
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functions, motor skills and a significant reduction in inflammatory levels, histopathological and
functional signs that distinguish various neurodegenerative pathologies such as AD and PD. Further
studies are essential to propose a botanical treatment for neurodegenerative diseases or chronic
inflammatory pathologies to be suggested future medicinal perspectives in the therapeutic use of
agro-industrial waste such as artichoke bracts.
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BRAIN HEALTH

Figure 4. Positive effects of ALE in neurodegenerative diseases.

9. Conclusions

The current review provided the nutritional and phytochemical composition of artichoke and
its therapeutic applications as anti-inflammatory functional foods. Artichoke is a plant widely used
in the Mediterranean diet and traditional medicine, composed of several bioactive compounds.
Different studies have demonstrated that artichoke has the capacity to act as an anti-inflammatory,
lipid-lowering, antimicrobial, and neuroprotective agent due to its phytochemical composition
(Figure 5).

PREVENTION OF CARDIOVASCULAR DISEASES PREVENTION OF ATHEROSCLEROTIC DISEASES

ANTI- MICROBIAL PROPERTIES ANTI - INFLAMMATORY PROPERTIES

LIPID — LOWERING PROPERTIES ARTICHOKE BENEFICIAL PROPERTIES ANTIOXIDANT PROPERTIES

ANTICANCER EFFECTS BRAIN PROTECTION PROPERTIES

Figure 5. Artichoke benefits on human health.

Thanks to their therapeutic effects, phytopharmaceuticals are gaining increasing importance
both as traditional medicine and as modern medicine. New antioxidants can be considered a safe and
effective way to strengthen the body's defense system against potentially harmful molecules, such as
free radicals and inflammatory mediators. From the analysis of the observations reported in this
review it emerges that the compounds extracted from the artichoke can facilitate protection against
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various inflammatory diseases including neurodegenerative diseases such as AD, PD and others. In
conclusion, the compounds extracted from the artichoke can constitute a valid pharmacological
support, highlighting medicinal plants as therapeutics in the pathogenesis of various inflammatory
diseases.

Further studies are needed to fully comprehend the mechanism of action of artichoke
metabolites underlying the biological activities as well as clinical trials to clarify the dose and
duration of its therapeutic properties.
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