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Abstract: Crohn’s disease can be described as an example of inflammatory bowel
disease with distinctive features of oxidative stress, immune regulation disorder,
and damaged integrity of the intestine. Nevertheless, although there have been
many achievements in the traditional treatment of this disease using approaches
such as biological and immunosuppressive drugs, the treatment has its drawbacks,
including side effects, lack of effectiveness in some patients, and high costs. That
is why there has been a recent trend in developing bioactive substances derived
from plants, sea organisms, or even microorganisms. The bioactive substances
include flavonoids, polyphenols, and saponins, as well as polysaccharides and
peptides derived from sea organisms. Some examples are resveratrol, curcumin, and
fucoidan, which have been proven to be efficient in regulating the biochemical
processes related to disease progression and especially transcriptional activation via
the NF-«kB pathway and cytokine-induced inflammation. In addition, manipulation
of the gut flora by probiotics is a potential complementary approach. However, the
use of these compounds has been limited by the problems related to low
bioavailability, quick metabolic turnover, and systemic absorption. Modern
technologies in drug delivery and formulation would be necessary for the
improvement of the effectiveness of these methods. Therefore, bioactive
compounds could be regarded as an innovative and emerging therapeutic approach
to treat Crohn’s disease.

Keywords: bioactive compounds; Crohn’s disease; gut health; inflammatory bowel
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1. Introduction

Autoimmune diseases, and especially those characterized by chronic inflammation in the gut, are one of the
biggest concerns for public health in today’s world. They include diseases such as inflammatory bowel disease,
which comprises conditions like celiac disease, Crohn’s disease, and ulcerative colitis. Their mechanism of
development is not fully comprehended due to the complexity of their development involving a combination of
various components that include immune regulation problems, genetics, epigenetics, diet, and the environment [1]
(Figure 1). Increasing scientific evidence demonstrates that the presence of a healthy gut microbiota is critical for
sustaining the physiological balance of the host body. This system acts as an important component in modulating
immunity, digestion, xenobiotic metabolism, synthesis of vitamins and drugs, and metabolizing nutrients. In
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addition, it maintains the integrity of the intestinal mucosal barrier as well as prevents infections by invading
pathogens. Due to its profound influence on regulating the physiological functions of the host body and
communication with the brain through the gut-brain axis, the gut microbiota is known as the “second brain” [2].
The phenomenon of inflammation is considered to be a key element in the host’s body defence mechanism.
Inflammation develops when the body is exposed to any harmful stimuli, including tissue damage, chemical or
physical injuries, infections, and disturbances in genetics or the immune system. Inflammation helps in eradicating
dangerous elements, healing tissues, and restoring balance in the physiological functions. Yet, when prolonged or
out of control, it may cause disorders [3]. The pattern of inflammation in patients suffering from Crohn’s disease
and ulcerative colitis has distinct features when compared with regard to location and depth. The inflammation in
patients with Crohn’s disease occurs transmurally, meaning that the inflammation affects the entire bowel wall
and often leads to granuloma formation, which is an aggregate of immune cells. Inflammation in ulcerative colitis,
on the other hand, occurs mainly at the level of the colon’s mucosa. Both these conditions follow a course of
remissions and relapses that have a severe impact on patients’ quality of life [4]. Excess production of reactive
oxygen species together with reduced antioxidants results in oxidative stress, an important factor leading to
inflammation and tissue damage in Crohn’s disease. In addition, oxidative stress is potentiated by pro-
inflammatory agents, including cytokines and activation of the NF-kB signaling pathway, which cause the
progression of the condition. Thus, treatment targeting oxidative stress and inflammation provides a rational
therapy approach. Several studies have shown that natural bioactive substances like alkaloids, flavonoids from
plants, microorganisms, and marine organisms, polyphenols, and terpenes can be beneficial in addressing these
pathophysiological conditions. As they act as both antioxidants and anti-inflammatories, they could serve as an
effective alternative or adjuvant to other treatments used for the condition. It is thus evident that modern
investigations are aimed at assessing the effectiveness and safety of these substances [5]. The understanding of
how bioactive compounds play a role in regulating inflammation and oxidative stress would help in creating
innovative treatments that could help to reduce the burden of Crohn’s disease both clinically and in terms of
improving the quality of life for patients affected by this condition. Inflammatory bowel diseases such as ulcerative
colitis have an increasing global incidence, with the greatest burden of cases noted in North America, especially
among children. At present, anti-inflammatory medications, such as 5-aminosalicylic acid (5-ASA), are used to
treat IBD through the regulation of intestinal inflammation. However, since this is a chronic disease and because
IBD can be recurrent in nature, there is a need to find other avenues for treatment [6]. This review is intended to
cover the use of natural bioactive products obtained from plant sources, microbes, and marine organisms in
inflammatory bowel diseases, especially Crohn’s disease, with special focus on their anti-inflammatory and
antioxidative properties as well as effects on the gut microbiota and intestinal barrier function.
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Figure 1. Different factors influenced Crohn’s Disease.
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2. Reactive Oxygen Species Signaling in the GI Tract

Reactive oxygen species (ROS), reactive sulfur species (RSS), and reactive nitrogen species (RNS) are
among the mostly reactive chemicals that are produced in organs and tissues, under conditions known as oxidative
stress, which compromise the body’s natural antioxidant defense mechanism. This can lead to cellular damage and
dysfunction, which can result in various diseases.

Normal metabolic activities within cells continually create modest amounts of reactive substances. They may
also result from acute or long-term cellular stress, or they may arise from exposure to external stimuli such as air
pollution, cigarette smoke, germs, medications, ozone, UV radiation, viruses, X-rays, etc. Both free radicals and
non-radical oxidants can be considered reactive entities, free radicals are unstable due to the unpaired electrons in
their outer electron orbit. Due to their extreme instability and reactivity, free radicals often combine with other
molecules to oxidize them to neutralize themselves [7].

In response to several exogenous factors, including alcohol consumption, cigarette smoking, nonsteroidal
anti-inflammatory drug (NSAID) use, and ultraviolet (UV) radiation exposure, excessive reactive oxygen species
(ROS) are generated. ROS levels are also increased by infections, ischemia-reperfusion (I/R) damage, and other
inflammatory events. All diseases, including cancer, are caused by redox signaling disrupting normal cellular
homeostasis [8]. One important source of ROS is the gastrointestinal (GI) tract. Despite the epithelium’s defensive
wall, digested materials, infections, and other conditions can induce inflammation by releasing inflammatory
cytokines and other mediators that deteriorate oxidative stress caused by the macrophages, PMNs, and epithelium.
Some GI pathological conditions, including gastric malignancies, gastric ulcers, and inflammatory bowel disease
(IBD), are influenced by oxidative stress. To enhance our comprehension of ROS-induced GI disorders and
perhaps result in the creation of novel therapeutic strategies, it is imperative to grasp the signaling events that
increase free radicals and the body’s reaction to these processes [9] (Figure 2).
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Figure 2. Pathological conditions of an inflammatory condition.

3. Mechanisms Underlying Oxidative Stress in Crohn’s Disease

Oxidative stress plays an important role in the pathogenesis of Crohn’s disease, which is a type of
inflammatory bowel disease (IBD). Understanding the process underlying oxidative stress in Crohn’s disease

https://doi.org/10.53941/npa.2026.100016 3 of 16



Panda et al. Nat. Prod. Anal. 2026, 2(2), 100016

involves several key factors. Crohn’s disease is described by chronic inflammation in the GI tract. ROS are
produced during the innate immune response in activated inflammatory cells, specifically neutrophils and
macrophages. Even though physiologic ROS production serves as part of the host defense mechanism by assisting
with pathogen elimination, an excess of ROS will cause oxidative stress and damage to the cells and tissues.
Mitochondria can be considered as a ROS producer within the cell due to oxidative phosphorylation. During this
process, electron leakage from the electron transport chain results in superoxide generation. As far as Crohn’s
disease is concerned, the importance of mitochondrial dysfunction as a factor influencing the pathophysiology of
the disease is being appreciated. Dysfunction of the mitochondria will alter redox balance and impair endogenous
antioxidant mechanisms, resulting in increased ROS formation. Moreover, damage to the mtDNA due to oxidative
stress and inflammation causes further damage to the mitochondria, thus leading to a vicious cycle [10]. The
formation of reactive oxygen species (ROS) and antioxidant defenses is out of balance in Crohn’s disease.
Increased oxidative stress results from the impairment of important enzymes like catalase, glutathione peroxidase,
and superoxide dismutase (SOD). Tumor necrosis factor-alpha (TNF-a)) and interleukin-6 (IL-6) are examples of pro-
inflammatory cytokines that increase ROS production and exacerbate oxidative damage and inflammation [11].
Oxidative stress leads to cellular injury through mechanisms such as lipid peroxidation, protein oxidation, and
DNA damage, contributing to inflammation and hindering tissue repair. Moreover, oxidative stress affects the
structure of the intestine, leading to increased permeability and allowing microbial antigen passage, perpetuating
inflammatory processes in Crohn’s disease. In addition, high levels of reactive oxygen species cause DNA damage
in mitochondria, decrease ATP formation, and disturb electron transport chain functioning, causing mitochondrial
dysfunction [12].

3.1. Genetic Predisposition in IBD and Reactive Oxygen Stress

One of the most significant risk factors for having IBD is family history. Relatives of patients are more likely
than the general population to experience both CD and UC. Twin studies provide the most compelling evidence
for a genetic component to IBD. In three extensive studies involving clone pairs from Europe, concordant IBD
was observed in roughly 6% to 16% of monozygotic clone pairs and 0% to 5% of dizygotic twin pairs, respectively.
Searching for genes linked to inflammatory bowel disease (IBD) has revealed that innate immune response deficits
may development of IBD in certain people. The International Nomenclature Committee reclassified the first
sensitivity gene found in CD (IBD1) on chromosome 16q12 as CARDIS5 (caspase activation and recruitment
domain 15), after it was first identified as NOD2 (nucleotide-binding oligomerization domain 2). About 15-20%
of Crohn’s disease patients and a lesser portion of the general population have mutations in CARDIS.
Inflammation mediated by Thl-type T cells is linked to Crohn’s disease. This results in the overproduction of IL-
1B, IL-2, IL6, IL-8, and TNF-a in addition to an excess of IL-12, IL-17, IL-23, IFN-y, and macrophage-derived
cytokines. On the other hand, Th2-type T cell-mediated inflammation linked to induce the production of IL-4, IL-
5,IL-10, and IL-13 is linked to ulcerative colitis [13,14].

3.2. Epithelial Cells of the Gut in Oxidative Stress and IBD

Epithelial cells of the gut play an important function in maintaining intestinal homeostasis and its role.
Oxidative stress impairs the normal functioning of the epithelial lining cells in inflammatory bowel disease (IBD),
such as Crohn’s disease and ulcerative colitis. The intestinal epithelium acts as a physical barrier, controls the
absorption of nutrients, and takes part in antimicrobial activities. High concentrations of ROS, mostly produced
by activated neutrophils and macrophages, lead to oxidative damage. Oxidative stress can also be caused by
microbial causes, environmental pollutants, nutrition, and mitochondrial malfunction, all of which can cause
epithelial cells to create ROS. Cell integrity and function can be compromised by ROS’s ability to harm proteins
(oxidative modification), DNA (mutations), and cellular lipids (lipid peroxidation). Epithelial cell loss and
intestinal wall disruption might result from excessive ROS’s ability to trigger cell death pathways, such as necrosis
and apoptosis (programmed cell death). Tight junctions, which are essential for preserving the intestinal wall, can
be broken by oxidative stress. Because of the increased intestinal permeability (leaky gut) caused by this
disturbance, harmful bacteria and antigens can enter the tissue and worsen inflammation. The hallmarks of IBD,
ulceration and mucosal layer erosion, can result from oxidative damage to epithelial cells. Oxidative stress
interferes with the normal functioning of the epithelium, causing the condition to deteriorate in IBD. The release
of cytokines and chemokines in response to the stressed state causes the recruitment and activation of immune
cells, resulting in an escalating feedback loop of inflammation and oxidative stress. Impairment of the barrier
integrity leads to exposure of the tissue beneath to antigens present in the lumen, intensifying both the
inflammatory reaction and the extent of tissue damage. Immune cells can also become activated due to the
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engagement of CD40-CD40L interactions. All these factors result in lesions defined by crypt hyperplasia,
decreased mucus production, depletion of goblet cells, and ulceration [15].

3.3. Mucosal Immune Cells in Oxidative Stress and IBD

In the gastrointestinal tract, B cells and T lymphocytes, which release cytokines and antibodies when
activated, constitute the adaptive immune system, while epithelial cells, macrophages, neutrophils, dendritic cells,
and natural killer (NK) cells form the innate immune system. Through an effective mechanism, the mucosal
defense system can discriminate between pathogenic and non-pathogenic gut microbes with precision. Under
normal circumstances, the GI mucosa closely regulates the ratio of pro-inflammatory (TNF-a, IL-1, IL-6, IL-8,
IL-17, and IL-23) to anti-inflammatory (IL-5, IL-10, IL-11, and TGF-B) cytokines. IBD affects innate and adaptive
immunity, whereas CD just affects adaptive immunity, which can maintain inflammation but not cause it [16,17].
A disturbance of the equilibrium between T helper (Th) cells and regulatory T cells, namely the intolerance of
regulatory T cells, is the immunological mechanism that underlies the pathophysiology of IBD. According to
reports, Thl cell-mediated inflammation in CD is typified by a rise in the production of IL-12, IL-17, and IL-23,
while Th2-type T cell-produced cytokines in UC include IL-4, IL-5, IL-10, and IL-13 [18]. The Th1 response in
CD is triggered by the microbiota, which results in the production of interferon-y and TNF-a and damages the
mucosal wall. Not only are leukocytes activated via the NF-«xB signaling pathway, but CD patients’ mucosal IECs
are as well. Th2 cytokines produced by NK cells in UC stimulate the defence system, and IL-13 mostly causes
IEC death, which feeds back favorably on NK cells [19-21]. Further tissue damage might arise from the increased
formation of reactive oxygen species (ROS) during respiration, leukotriene and prostaglandin metabolism by other
immune cells, including monocytes and leukocytes, during inflammation.

3.4. Oxidative Stress and Environmental Factors in Inflammatory Bowel Disease

It seems that environmental elements have a crucial function in the pathophysiology of both CD and UC.
Some of the previously established connections, like smoking cigarettes, have been supported by recent high-
quality research. Additionally, other risk variables, like hormone use, nutrition, stress, and vitamin D status, are
known. All of these factors have been identified as risk factors for incident disease, but not many studies have
looked at how these environmental factors influence the course of the disease naturally, and even fewer have
looked at whether changing these factors can improve patient outcomes. Thorough and meticulous research on
environmental disclosure in the management of the disease is required, especially if altering environmental factors
can be demonstrated to lower the chance of recurrence, considering the inadequate response rates to current
immunosuppressive therapy and ongoing worries about long-term safety cost and safety [22]. Anxiety and
depression are prevalent in IBD patients. Evidence does, however, point to the possibility that pre-illness stress,
anxiety, or depression could affect the likelihood of developing IBD. In fact, there is a great deal of biological
validity for this theory. Mice that are depressed due to reserpine injections intracerebroventricularly are more
vulnerable to reactivation of chronic colitis; this effect is mitigated by amitriptyline treatment. Additionally, the
autonomic nervous system (particularly the sympathetic nervous system) can operate as a mediator for the effects of
depression and stress [23,24]. Apart from underlying host genetics and microbial makeup, there probably exists
significant variation in sensitivity to each environmental effect among individuals, both in isolation and in co-
dependence with other disclosure. Determining the process of IBD development would be greatly aided by additional
research on the environment’s function in conjunction with genetics, immunologic processes, and microbiota.

3.5. Redox Signalling Pathways Involved in IBD

It is well known that non-radical ROS, including H>O,, produced by Nox enzymes in non-phagocytic tissues
operate in a range of signalling pathways in a variety of cell types. The various biological effects that ROS elicit
rely on the particular species that are produced, their longevity, and their subcellular sites [25]. The gastrointestinal
mucosa maintains a complex equilibrium in redox signalling. Reactive oxygen species formed by immune cells
invading the mucosae, including neutrophils, can operate as potent microbicidal mechanisms to protect weakened
mucosae from microbial invasion. For many years, researchers have examined redox reactions and redox
signalling, primarily concentrating on their roles in the development of disease. Subtoxic levels of oxidative stress
have been linked in the last ten years to a number of fascinating activities, including the regulation of tissue wound
healing, protective inflammatory modulation, and mucosal homeostasis maintenance. It has been demonstrated
that resident gut microbial communities initiate redox signalling in the mucosa, which expresses phagocyte-like
but different enzymes. The colonic mucosal epithelium is at the middle of this delicate balance, and new research
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indicates that these barrier-forming cells may be able to precisely regulate redox signaling to determine how an
inflammatory event plays out [26].

4. Bioactive Compounds Management in Crohn’s Disease
4.1. Andrographolide

Andrographolide, which is obtained from the plant Andrographis paniculata, has remarkable anti-
inflammatory and immunomodulatory effects. Andrographolide suppresses important inflammatory mediators
such as NF-kB and STAT3, hence modulating the expression of pro-inflammatory cytokines and enzymes.
Research shows that Andrographolide can lower the production of pro-inflammatory cytokines like TNF-a, IL-
1B, IL-6, and IL-8. By lowering the levels of these cytokines, Andrographolide may help mitigate the chronic
inflammation that is a feature of Crohn’s disease [27]. Effects on GALT may be significant for Crohn’s disease
since the gut-associated lymphoid tissue is implicated in the local immune response in the gut. Some research
indicate that andrographolide has antioxidant effects that can help minimize oxidative stress. Because oxidative
stress contributes to the pathogenesis of Crohn’s disease, lowering it may help protect gut cells from harm and
improve disease prognosis. Research on andrographolide’s impact on Crohn’s disease is currently in its early
phases. The majority of investigations have focused on its overall anti-inflammatory and immunomodulatory
properties rather than direct clinical trials in Crohn’s disease patients. Given the encouraging preclinical evidence,
andrographolide may be explored as part of a comprehensive therapy strategy, but further clinical trials are required
to validate its effectiveness and safety in Crohn’s disease management. In recent research of an oxazolone (OXZ)-
induced UC rat model, andrographolide dramatically increased colon length and spleen coefficient while
considerably lowering colonic disease activity index and mortality in a dose-dependent manner. These findings
indicate that andrographolide might be a possible therapy for UC [28]. Andrographolide holds promise due to its
anti-inflammatory, immunomodulatory, and antioxidant properties, which could potentially benefit Crohn’s
disease management. However, its effectiveness in this context requires further clinical validation. As with any
supplement or alternative therapy, it should be used under the guidance of healthcare professionals to ensure safety
and efficacy in managing Crohn’s disease.

4.2. Caffeic Acid Phenethyl Ester

Caffeic acid phenethyl ester (CAPE), a phenolic molecule in honey bee propolis, is said to have anti-
inflammatory properties primarily by blocking NF-kB. CAPE effectively suppresses pro-inflammatory cytokines
and MPO activity in a DSS-induced experimental mouse model of colitis, thereby improving the function of the
epithelial barrier [29].

4.3. Cannabis sativa L.

Plants belonging to the Cannabaceae family, specifically Cannabis sativa L., are native to Central Asia. All
parts of the gastrointestinal tract, involving the pancreas, stomach, liver, and small and large intestines, have
cannabinoid receptors. Throughout the enteric nervous system, enteric neurons, nerve fibers, and terminals all have
CB1 and CB2 receptors. Both healthy and inflammatory human colonic epithelium had CB1 receptors. In the
human colon, macrophages and plasma cells contain both CB1 and CB2 receptors. In addition to its anti-
inflammatory properties, cannabis use has a general pharmacological effect on the gastrointestinal tract by
reducing motility, secretion, and gastric/colonic emptying [30]. Research has consistently demonstrated that
although cannabinoid antagonists or cannabinoid receptor deletion increased inflammation, therapy with
cannabinoids or cannabinoid agonists decreased inflammation [31].

4.4. Curcumin

Curcuma is a genus in the Zingiberaceae family. Curcumin works through a variety of methods to produce
anti-inflammatory and antioxidant benefits. Research has shown that pretreating DCs with this substance inhibits
the phosphorylation of mitogen-activated protein kinase and NF-kB p65 translocation that are caused by
lipopolysaccharide, which reduces inflammation [32]. Moreover, it lowers the uttering of TNF-a, IL-6, IL-12, and
IL-1, which prevents DCs from inducing TH1-type responses. Curcumin can prevent TH17 activation, which
lowers the generation of proinflammatory cytokines, including IL-6, IL-21, and IL-17, as well as impede the
stimulation of the TH1 subgroup by decreasing macrophage activation. An important mediator in prostaglandin
synthesis, cyclooxygenase-2 (COX-2) is an inflammatory enzyme that is triggered by NF-«kB and activator protein 1
(AP-1) signaling. It increases inflammatory bowel disease (IBD) [33,34].
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4.5. Epicatechin

Epicatechin, which is a flavonoid derived from the diet, including fruits like apples, dark chocolate, and green
tea, has proven antioxidant and anti-inflammatory effects. It acts on the inflammatory signaling pathway, mainly
NF-«B, and reduces the synthesis of pro-inflammatory cytokines, such as TNF-a and IL-6 [33]. Epicatechin can
be helpful in treating Crohn’s disease by regulating immune function, such as T cell and macrophage activities,
and hence decrease inflammatory processes. The ability of epicatechin to be an excellent antioxidant allows for
the removal of free radicals and helps protect the epithelium from oxidative stress and maintain the structural
integrity of the intestine. Moreover, epicatechin can affect the gut microbiota composition and have prebiotic
functions that help regulate immune processes. Nevertheless, the use of epicatechin is hindered by its low
bioavailability [35]. However, the preliminary results have shown that epicatechin provides some positive effects
in inflammation and oxidative stress; yet, more research is necessary to validate the effectiveness of epicatechin
for Crohn’s disease treatment. Epicatechin is suggested to be used [36]. Epicatechin may be considered as a method
of managing Crohn’s disease thanks to the anti-inflammatory and antioxidant properties of this substance.
However, more research should be done to prove the safety and effectiveness of epicatechin as a medication.

4.6. Indoles

Indoles are members of the group of molecules found naturally in cruciferous plants such as broccoli,
cabbage, cauliflower, and Brussels sprouts. Significant molecules among these are I3C (indole-3-carbinol) and
DIM (3,3'-diindolylmethane). Such molecules have been extensively studied for their anti-inflammatory,
antioxidative, and anticarcinogenic properties [37]. Indoles like indole-3-carbinol (I3C) and 3,3'-diindolylmethane
(DIM) show promising properties of having a good effect against inflammatory conditions associated with Crohn’s
disease due to their ability to regulate certain inflammation pathways through cytokines (like TNF-a, IL-6) and
transcription factors [38]. Indoles also affect the composition of gut microbiota, allowing for the growth of
beneficial microorganisms and aiding in the treatment of dysbiosis that is one of the main hallmarks of
inflammatory bowel disease. Moreover, their antioxidative effect protects the cells of the intestines from oxidative
stress, while studies on animals with colitis show a reduction in inflammatory markers. Overall, these results reveal
the possible usefulness of indoles in the case of IBD, despite the lack of clinical evidence [39]. Indoles like I3C
and DIM can help with intestinal health of people having Crohn’s disease as they have the capability to maintain
the integrity of the epithelial cells and reduce the permeability of the intestines to avoid the movement of pathogens
and endotoxins that cause inflammation. Indoles protect the cells from oxidative stress that is the major cause of
inflammation [40]. Furthermore, indoles have prebiotic characteristics, influencing the balance of gut microbiota,
encouraging the growth of good bacteria and inhibiting the reproduction of pathogenic strains, which is essential
in the treatment of inflammatory bowel disease. They may affect the metabolism of estrogen, indirectly having an
anti-inflammatory effect [41]. Indole-3-carbinol (I3C) and its metabolite DIM may help maintain a healthy
composition of gut microbiota, thus aiding in managing disease pathology in Crohn’s disease. While mostly
explored for their anticancer properties, their potential in regulating inflammation and immune reactions may help
in cases of inflammation-related diseases. The human research on cruciferous vegetables shows a positive effect
on gut microbiota by stimulating good bacteria and killing bad bacteria, making this information applicable to
inflammatory bowel disease [42]. However, while the mechanisms and indirect results of human use seem
promising, there still are no large-scale human trials conducted on the influence of either I3C or DIM on Crohn’s
disease [43]. In smaller studies, diets such as an increase in cruciferous vegetables have been observed to decrease
inflammation in IBD. Indole compounds, based on their anti-inflammatory, antioxidant, and microbiome-
regulatory effects, may present a possibility for use in patients with Crohn’s disease, where immune modulation
can be expected [44]. However, the data available is still insufficient, mainly based on animal studies or general
studies involving anti-inflammatory treatments, and no specific studies related to the application of indole
compounds in Crohn’s disease treatment have been carried out.

4.7. Lignan

Lignans, which are phenolic compounds present in plants and belong to the group of polyphenols, can be
found in seeds, grains, and vegetables. Lignans do not serve as direct treatment measures for patients with Crohn’s
disease; however, they might be used as complementary treatments. These compounds possess antioxidant and
anti-inflammatory effects; hence, they are able to influence immune reactions and decrease inflammation in the
intestines [45]. In addition to the above, evidence suggests that lignans can influence the gut flora composition, an
essential component in the creation of inflammatory bowel disease. However, there is little information available
on this subject [46]. A balanced gut microflora is of great significance for the treatment of Crohn’s disease because
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dysbiosis is frequently seen in patients suffering from this disease. Lignans can have a prebiotic effect by
stimulating the proliferation of helpful bacteria and thus maintaining the stability of the intestines. They also have
antioxidant activity that helps counteract the oxidative stress associated with inflammatory bowel disease [47].
Furthermore, lignans may help with the modulation of immune response, contributing to the regulation of
inflammatory processes. However, even though the possible mechanisms look promising, the direct clinical data
on the effects of lignans on Crohn’s disease are not sufficiently provided. The available evidence comes mainly
from more general research related to polyphenols found in plants and IBD. Therefore, additional research is needed
to prove the effectiveness of the proposed treatment method [48]. Lignans should only be viewed as supportive dietary
factors, not as the main treatment option for Crohn’s disease. Patients should always seek medical advice before
making any modifications to their diet or taking supplements, especially when the disease is active.

4.8. Lycopene

Lycopene, which is a powerful antioxidant present in tomatoes and other red fruits, has been researched for
its health benefits, including its effects in the case of an inflammatory disease called Crohn’s disease. While
research is still ongoing, here’s what we know so far about its potential role in managing Crohn’s disease. Crohn’s
disease is characterized by chronic inflammation of the gastrointestinal tract. Lycopene, due to its antioxidant and
anti-inflammatory properties, may help reduce oxidative stress and inflammation in the body, which are thought
to play a role in Crohn’s disease [49,50]. Lycopene has been suggested to influence the immune system by
inhibiting pro-inflammatory cytokines (chemical Lycopene has been suggested to influence the immune system
by inhibiting pro-inflammatory cytokines (chemical messengers that promote inflammation), which might help in
managing flare-ups of Crohn’s diseasethat promote inflammation), which might help in managing flare-ups of
Crohn’s disease. Lycopene may also have beneficial effects on the gut microbiome, potentially promoting a
healthier balance of gut bacteria. A balanced microbiome is thought to be important in controlling inflammation
in Crohn’s disease. In Crohn’s disease, oxidative stress can damage tissues and exacerbate inflammation [51]. The
antioxidant properties of lycopene would be able to counteract the damaging free radicals within the body, thereby
reducing symptoms [52]. Several researchers have studied lycopene as an overall anti-inflammatory and
antioxidant action in IBDs (inflammatory bowel diseases). Some studies point out that lycopene acts against
oxidation and inflammation in IBD, but there is little evidence about its action in Crohn’s disease [53]. Clinical
investigations involving tomato-based products rich in lycopene have shown potential reductions in disease
activity and symptoms in some IBD patients, though Crohn’s disease was not evaluated separately [54].
Additionally, animal studies demonstrate that lycopene can attenuate inflammatory cytokine production and
oxidative stress in intestinal tissues. However, translation of these findings to human Crohn’s disease requires
further investigation [55]. Despite various studies having been done to investigate the role of lycopene and diets
consisting of tomatoes in cases of IBD, clinical trials involving Crohn’s disease have not been performed extensively.
The dosage that would give the maximum effect in the treatment of the disorder is not known at present.

4.9. Naringenin

Grapefruits are rich in Naringenin (4',5,7-trihydroxyflavanone flavonoid), which is a glycone [56].
Naringenin, a flavonoid found largely in grapefruit and oranges, has received attention due to its possible health
advantages, which include anti-inflammatory, antioxidant, and immune-modulating capabilities. Several
investigations have indicated that Naringenin has anti-inflammatory properties. It may reduce pro-inflammatory
cytokines and enzymes such TNF-q, IL-6, and COX-2. This might be especially effective in Crohn’s disease,
which is characterized by persistent inflammation. It may affect many inflammatory pathways, including the NF-xB
pathway, which plays a role in the inflammatory response. Naringenin can reduce intestinal inflammation by
regulating these pathways. Naringenin is a compound with anti-oxidant properties that could be able to neutralize
free radicals and eliminate oxidative stress. Since oxidative stress contributes to the development of Crohn’s
disease, the presence of antioxidant properties within Naringenin could assist in minimizing some of the damage done
by oxidative stress. By doing so, it may be possible to protect the gut epithelial cells from oxidative stress [57].
Naringenin Modulates immune responses through its effect on immune cell balance and cytokine production,
leading to reduced inflammation in Crohn’s disease. It also influences the microbiota composition of the gut,
contributing to intestinal homeostasis. It has poor bioavailability, thereby limiting its therapeutic applications. In
addition, it interacts with enzymes involved in drug metabolism such as CYP3A4 [58]. Naringenin has some
interactions with the medicines that are metabolized by enzymes like CYP3A4, hence interfering with the
treatment of Crohn’s disease using medications. Even though there have been some positive results achieved in
the preclinical studies and the preliminary clinical studies, more research is required to confirm its safety and
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efficacy [59]. Naringenin possesses anti-inflammatory, antioxidant, and immunomodulating characteristics,
indicating its possible usefulness in treating Crohn’s disease. Nonetheless, its clinical effectiveness and safety
should still undergo further studies. Its administration must be done as part of an integrated management approach.

4.10. Plantaginaceae

The plant known as Plantago ovata is tiny and has distinctive blooms. The plant’s leaf juice has been used
to treat gastric ulcers and discomfort associated with inflammatory diseases. The herb possesses antioxidant and
anti-inflammatory qualities. It suppresses the expression of intercellular adhesion molecule-1, inhibits protein
kinase C, and reduces inflammation brought on by leukotriene B4 and 5-hydroxy-6,8,11,14-eicosatetraenoic acid.
Short-chain fatty acids are produced when Plantago ovata seeds are dissolved by enzymes, and these fatty acids
are beneficial to those with ulcerative colitis. In an open clinical study, 105 patients with UC in remission were
randomly randomized to receive 10 g of b.i.d. Plantago ovata seeds, 500 mg of t.i.d. mesalazine, or 10 g of b.i.d.
Plantago ovata seeds with mesalazine at the same doses. The three groups’ six-month recurrence rates (40, 35,
and 30%) did not differ from one another [60,61].

4.11. Quercetin

A naturally occurring flavonoid found in a variety of fruits, vegetables, and grains is quercetin. Its possible
anti-inflammatory and antioxidant qualities have been investigated; they might be important in the treatment of
Crohn’s disease. Quercetin (3,3',4',5,7-penta-hydroxy flavone), a polyphenol with anti-inflammatory and
antioxidant qualities, is abundant in onions [62]. Glutathione (GSH), malondialdehyde, and serum nitrous oxide
(NO) concentrations are all decreased by glycoside-rutin, which is highly helpful in treating inflammatory bowel
disease (IBD) in experimental animals produced by DSS. It also regulates body weight and oxidative stress in
terms of MPO. According to Lin et al., dietary quercetin reduces the symptoms of colitis in mice caused by
Citrobacter retention by boosting the anti-inflammatory cytokine IL-10 in colon tissues and reducing pro-
inflammatory cytokines (IL-6, IL-17, and TNF-a) [63].

4.12. Resveratrol

Resveratrol is an active ingredient present naturally in several plants like grapes, berries, and peanuts. It
possesses remarkable anti-inflammatory and antioxidant actions and has therefore generated much interest because
of the possibility of using it for treating inflammatory conditions such as Crohn’s disease. Crohn’s disease involves
chronic inflammation of the digestive system, causing damage to the digestive tract [64]. Recent research shows
that Resveratrol can be used to influence important inflammatory signaling pathways in the body and consequently
reduce the production of inflammatory mediators such as pro-inflammatory cytokines. In addition, its antioxidant
effect can also be used to counteract oxidative stress, which plays an important part in the development of Crohn’s
disease [65,66]. Resveratrol can be good for the gut microbiota, which is thought to influence the development and
degree of Crohn’s disease, according to some studies. The preclinical studies that have been done mainly using animal
models and in vitro have yielded some promising results about resveratrol as a treatment for Crohn’s disease [67,68].
These studies help to understand how Resveratrol would influence the pathophysiology of Crohn’s disease, more
specifically, its oxidative stress and inflammation. Resveratrol was shown to decrease the concentrations of
inflammatory mediators like TNF-alpha, IL-6, and IL-1beta, which are essential for inflammation in Crohn’s
disease in rats with colitis, a disease that is similar to the disease under investigation [69—71]. Resveratrol can help
reduce inflammation and tissue injury in the gut due to the regulation of NF-kB, which is a transcription factor
that plays a role in inflammation. Another study has found that the NLRP3 inflammasome, which is a protein
complex associated with the inflammatory response and IBD, such as Crohn’s disease, can be inhibited by
resveratrol [72]. Resveratrol administration has been demonstrated to lower reactive oxygen species (ROS) and
restore the balance of antioxidants in the gut in preclinical models of colitis, a popular model used to research
Crohn’s disease [73]. Resveratrol can be an important mechanism through which the intestines’ epithelial barrier
can be protected from oxidative damage, ensuring the integrity of the mucosal barrier in inflammatory bowel
disease [67]. Preclinical data obtained from studies aimed at IBD management revealed Resveratrol to have an
effect on gut flora composition, an important factor in the development of IBD, although no specific results are
yet available for Crohn’s disease. In experiments with animals, administration of Resveratrol has been shown to
influence the composition of gut flora, possibly decreasing intestinal inflammation [74]. In terms of mechanisms
of action, both in vitro and animal studies show that Resveratrol is capable of suppressing pro-inflammatory
cytokine levels, including TNF-a, and reducing oxidative stress, two important factors in chronic intestinal
inflammation. In addition, due to the capability of Resveratrol in modulating the immune system via regulation of
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T-cell functions, Resveratrol could serve as an efficient agent for controlling the inflammatory response in
intestines [75]. The mechanism of action of Resveratrol includes boosting the activity of antioxidants through
stimulation of enzymes such as superoxide dismutase (SOD) and catalase to reduce oxidative stress in patients
suffering from Crohn’s disease. According to experimental research, Resveratrol is able to inhibit T-helper cells
activation, particularly the activation of Th17 cells, and induces macrophages to shift from pro-inflammatory type
M1 to anti-inflammatory type M2, contributing to the reduction of inflammatory response in intestines [76].
However, despite the promising results in laboratories and animal experiments, there is not enough information
regarding the impact of resveratrol in clinical practice.

4.13. Tannins

The tannins, which belong to the polyphenolic compound category, present in food items such as tea, coffee,
fruits, and herbal preparations, possess a considerable amount of astringent, anti-inflammatory, and antioxidative
potential and therefore can play a significant role in the treatment of Crohn’s disease. Studies done on experimental
animal models of colitis (TNBS/DSS-induced colitis model) revealed that tannic acid showed an ability to decrease
the intestinal inflammation and improve the integrity of the mucosa, thereby reducing histological damage [77].
Such an effect was linked with the suppression of pro-inflammatory cytokines such as TNF-a and IL-1pB, in
addition to the improvement in the antioxidative defenses by increasing the enzymatic activity of GPx and
SOD [78]. Grape seed extract treatment of DSS-induced colitis animals shows positive effects, such as better
histological changes, fewer instances of mucosal damage, and low levels of pro-inflammatory cytokines, showing
its potential for decreasing inflammation and injury of tissues [79]. There is some observational data regarding
green tea polyphenols that might benefit patients with ulcerative colitis, which is very similar to Crohn’s disease,
and reduce inflammatory biomarkers. More clinical data needs to be obtained [80]. Green tea, which is abundant
in catechins, which belong to the class of tannins, can possibly help decrease inflammation in the intestine and
prevent oxidative damage, making green tea useful for CD, but there is insufficient clinical research to substantiate
this assumption [81]. Another study conducted among patients with ulcerative colitis found that grape seed
extract positively affected the symptoms of the disease, decreased its activity, and significantly increased
patients’ quality of life [82]. However, even though some promising results have been obtained through both
preclinical and clinical studies, there is still no clinical evidence regarding tannins’ effectiveness and safety
when used in treating Crohn’s disease.

4.14. Zingiberene

Zingiberene, a sesquiterpene found in Zingiber officinale (ginger), is known to possess anti-inflammatory,
antimicrobial, and antioxidant activities. It acts on the NF-kB and MAPK signaling pathways involved in
inflammation and regulates the production of pro-inflammatory cytokines and enzymes. Zingiberene can also play
an important role in combating inflammation in patients with Crohn’s disease due to its free radical scavenging
activity. Commonly referred to as ginger, the rthizome of Zingiber officinale is a medicinal plant [83]. The ginger-
derived nanoparticles (GDNPs) consist of a significant amount of biologically active chemicals (6-gingerol and 6-
shogaol), high quantities of lipids, a small number of proteins, and approximately 125 microRNAs. In DSS and
AOM-DSS mice models, GDNPs have been demonstrated to improve intestinal healing and decrease acute colitis
and CAC, respectively. In response to oral GDNPs, there was an increase in the survival and proliferation of
intestinal epithelial cells (IECs), a decrease in inflammatory cytokines (TNF-a, IL-6, and IL-1P), and an increase
in anti-inflammatory cytokines (IL-10 and IL-22). These data suggest that GDNPs may have a protective and healing
effect [84]. While some initial studies have demonstrated the anti-inflammatory, antioxidant, and antimicrobial
capabilities of Zingiberene, evidence for its benefits in Crohn’s disease patients is scarce at the moment. At present,
most investigations revolve around the compound’s anti-inflammatory and antioxidant properties without paying
particular attention to their relevance to a specific disease such as Crohn’s disease (Table 1).

Effective management of bioactive compounds in Crohn’s disease requires a comprehensive approach that
combines dietary strategies, nutritional supplements, pharmacological treatments, and lifestyle modifications.
Modifying these techniques to suit the needs of the individual and observing their effect is an important factor in
managing diseases and enhancing quality of life. Do not make any modifications without consulting the
appropriate health professionals.
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Table 1. Shows the bioactive phytochemicals for inflammatory bowel disease: Preclinical evidence.

;l‘; Phytochemicals Model Treatment Results Ref.
1 Cannabinoids mouse colitis Cannabidiol Injection Decrease colonic weight [85]
(Di-nitrobenzen sulfonic acid)  (5-10 mg/kg) loss and inflammation
. mouse colitis 2-AG-degrading enzyme  Decrease in both microscopic and
2 Cannabinoids (Trinitrobenzene sulfonic acid) MAGL Inhibition histological inflammation [86]

|Disease in histological colitis scores,
3 Curcumin Dextran sulfate sodium Mouse Curcumin 2.0% (wt/wt) lloss of body weight, [87]
INF-kB, |decrease in activity index
. - Similar to sulfasalazine, green tea
Ulcerative colitis rat model ? .
4 Epicatechin Colitis Induced with Dextran 50 mg/kg polyphenols (GTP) and EGCG increased [36]
. antioxidant levels and lessened the
Sodium Sulfate (DSS) . .
severity of colitis
. . Colitis mouse induced with o iNOS (inducible NO synthase)
> Naringenin Dextran sodium sulfate (DSS) 2.0% (wi/wi) ICAM-1 (intercellular adhesion molecule 1) [88]
By increasing the F/B value, you can
stimulate the Keap1-Nrf2-ARE signaling
. Colitis mouse induced with . pathway, regulate the proliferation of
6 Catechins Dextran sodium sulfate (DSS) 18-20g Lactobacillaceae and Lachnospiraceae, [89]
and affect the downstream antioxidant
protease and gut microbiome
Oral hesperetin treatment in Reduf:ed the morphologlcz}l and
. A . functional defects in the kidney brought
7 Hesperetin diabetic patients provoked 5-6¢g . S g [90]
with streptozotocin on by diabetes in tight correlation
with the modulatory effects
Induced by hydroxyl radicals ~ Higher antioxidant s .
8 Genistein in 90.5% of the used C6 properties at the Iatnzlisae;ilﬁt:v;r::ltﬂl;:urodegeneratlve 1]
rat glioma cell line doses 25-200 pg/mL
Induction of
indomethacin-induced
enterocolitis using a
10 mg/kg single dose of antioxidant and mast cell stabilizing
9 Beal Wistar albino rats Indomethacin and effects, demonstrating protective effects [o1]

induction of colonic in inflammatory bowel disease
acidosis using 1 milliliter

of 4% Acetic acid

solution (transrectal)

Laminaria japonica (LJP) reduces blood
sugar and cholesterol levels in mice. Halt
10 Laminarin Induced by alloxan injection 200 mg/kg Intraperitoneal the body weight loss, lower fasting blood  [92]
glucose, and raise serum insulin
levels in diabetic mice
Streptozotocin-induced showed antimicrobial

1 Quercetin diabetic rat e and antioxidant activities [92]
Male-specific In protracted toxicity studies, changes in
12 Oxymatrine . 2.5 glkg body weight (loss) and growth rate are [36]
pathogen-free mice P .
significant markers of negative effects
13 Palmatine Fluoxetine mice 10 mg/kg Increase in the neurotransmitter level [70]
Its ability to control blood flow.
One of the most widely PTX decreases plasma fibrinogen
o utilized substances to induce 500 mg/kg, body weight,  concentrations, which lowers blood
14 Pentoxifylline hepatitis in rats is on day 0 viscosity, 1 flexibility of red and white (70}
D-galactosamine (D-GAL) blood cells, and inhibits platelet

aggregation and thrombus formation

5. Limitations

The bioactive compounds from natural sources proved to be effective for the treatment of Crohn’s disease;
however, some restrictions hinder the implementation of such products. Firstly, the lack of standardization leads
to inconsistency in terms of the compounds used, their bioavailability, and effects. Additionally, clinical trials
conducted to prove the effectiveness of the treatment are typically not enough because of the small number of
patients used. Another factor that should be taken into account is the low bioavailability, interaction with the drugs,
and the complexity of dosage determination. Moreover, the ethical side of using natural products remains a
problem. Overall, more research, new ways of delivering the compounds, and standardization are needed before
their use in the treatment of Crohn’s disease.

6. Conclusions

The discovery of bioactive compounds from various biological sources seems to be a promising strategy to
cope with oxidative stress and inflammation in the case of Crohn’s disease. Compounds such as flavonoids,
peptides, polyphenols, polysaccharides, and saponins are crucial players in the biological processes leading to
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diseases. According to preliminary trials, promising results were obtained from the use of plant-based bioactive
compounds such as curcumin, quercetin, and resveratrol to fight oxidative stress and inflammation. Besides,
bioactive compounds of marine origin, such as fucoidan and astaxanthin, and those of microbial origin, such as
probiotics and prebiotics, can help regulate the gut microbiota and immunity. The translation of preliminary
findings into clinical practice is accompanied by some difficulties due to such problems as low bioavailability of
bioactive compounds, insufficient studies at the clinical stage, and improper dosage methods. Further research
requires more knowledge about the precise action mechanisms of the bioactive compounds, which is needed along
with the development of efficient methods of delivery.
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