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ABSTRACT
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20 November 2024, Inflammation is a fundamental biological response to harmful stimuli,
Revised on 01 Dec. 2024, playing a pivotal role in the pathogenesis of numerous chronic diseases
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DOI: 10.20959/wjpr20251-34986 such as arthritis, cardiovascular disorders, and neurodegenerative
conditions. While conventional anti-inflammatory drugs like NSAIDs
and corticosteroids are widely used, their long-term use is often
(=] (= associated with significant side effects, necessitating the exploration of
: ﬁ alternative therapeutic agents. Phytoconstituents, naturally occurring
[a:%32 _ _ |
compounds derived from plants, have garnered considerable attention
*Corresponding Author for their potent anti-inflammatory properties with fewer adverse effects.

Sl R This review aims to provide an exhaustive analysis of various
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phytoconstituents utilized in inflammation management, elucidating
Pharmacy, Dr. Subhash

University, Junagadh their mechanisms of action, efficacy based on in vitro, in vivo, and
(362001), Gujarat, India. clinical studies, and potential synergistic effects when combined with
conventional therapies. Through a systematic literature search across
multiple databases, over 50 relevant studies were identified and synthesized. Key
phytochemicals such as flavonoids, terpenoids, alkaloids, and phenolic acids were evaluated
for their anti-inflammatory activities, highlighting their interactions with inflammatory
cytokines, enzyme inhibition, antioxidant activity, and modulation of key signaling pathways
like NF-xB and MAPK. The review also addresses challenges related to bioavailability,
standardization, and safety, proposing future research directions to enhance the therapeutic

potential of phytoconstituents. Overall, phytoconstituents present a promising frontier in the
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development of novel anti-inflammatory agents, offering a blend of efficacy and safety that

aligns with the growing demand for natural and sustainable healthcare solutions.

KEYWORDS: Phytoconstituents, Inflammation, Anti-inflammatory, Flavonoids, Terpenoids,
Alkaloids, Phenolic Acids, NF-kB, MAPK, Natural Therapeutics.

INTRODUCTION

1.1 DEFINATION OF INFLAMMATION

Inflammation is a protective strategy evolved in higher organisms in response to detrimental
insults such as microbial infection, tissue injury and other noxious conditions. It is an essential
immune response by the host that enables the removal of harmful stimuli as well as the healing
of damaged tissue. Acute inflammation has therefore been considered as a part of innate
immunity, the first line of host defence against foreign invaders and danger molecules. Mankind
has known the classical symptoms of inflammation for hundreds of years, which include
redness, pain, swelling and heat. However, emerging literature suggests that inflammation
operates as a much-sophisticated system than ever thought at the molecular level. The entire
course of inflammation comes with many different processes involved in its initiation,
regulation and resolution. Nowadays a diverse range of inflammations have been identified,
with many different forms initiated by numerous stimuli and governed by various regulatory
mechanisms. Due to its extensive and widespread nature, inflammation is believed to have an
impact on every aspect of normal human physiology and pathology. The current concept on
inflammation has grown significantly over the years because of the vast expansion of the field
in more divergent directions. As a result, we are currently far from being able to fully

comprehend the consequence of inflammation in human health and diseases.™

Inflammation is a critical biological response that can be classified into two main types: acute
and chronic inflammation. Acute inflammation is a short-term process characterized by the
classic signs of heat, redness, swelling, pain, and loss of function, aimed at eliminating harmful
stimuli and initiating tissue repair./? In contrast, chronic inflammation persists over a longer
duration and can result from unresolved acute inflammation or continuous exposure to irritants,

leading to tissue damage and various diseases, including rheumatoid arthritis and cancer.

e Acute Inflammation
Duration: Typically lasts for a few days.

Function: Serves as a protective response to injury or infection.
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Mechanism: Involves vasodilation and increased permeability of blood vessels, allowing

immune cells to access the affected area.!!

e Chronic Inflammation

Duration: Can last for months or years.

Causes: Often results from persistent pathogens, autoimmune diseases, or prolonged exposure
to irritantst®*!

Consequences: Can lead to tissue remodeling, fibrosis, and increased risk of diseases such as

cancer.™

Inflammation plays a crucial role in the pathogenesis of various diseases, acting as both a
protective response and a contributor to chronic conditions. Understanding its multifaceted

nature is essential for developing effective therapeutic strategies.

1.2 INFLAMMATION IN METABOLIC DISORDERS
Chronic inflammation is a significant factor in diabetes, particularly type 1 and type 2, where

it exacerbates metabolic dysfunction and cardiovascular risks.™

Obesity is linked to systemic inflammation, which contributes to cardiovascular disease (CVD)

and metabolic syndrome, highlighting the need for anti-inflammatory interventions.

e Inflammation and Chronic Diseases
Chronic inflammation is implicated in a range of diseases, including neurodegenerative
disorders, respiratory diseases, and cancers, often leading to tissue damage and disease

progression.[’!

The elderly population, often burdened by chronic inflammation, faces increased morbidity and

mortality, emphasizing the importance of lifestyle changes to mitigate inflammation. ®!

Therapeutic Approaches

Targeting inflammation through pharmacological and natural products offers promising
avenues for treatment, although challenges remain in effectively managing chronic
inflammatory conditions.!®”!

The limitations of conversation anti-inflammatory therapies are multifaceted, primarily

revolving around efficacy, patient-specific responses, and communication challenges. While
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these therapies aim to mitigate inflammation-related conditions, their effectiveness can be

inconsistent and context-dependent.

1.3 CURRENT MANAGEMENT OF INFLAMMATIONE!

The management of inflammation primarily relies on pharmacological interventions aimed at
reducing inflammatory responses and alleviating associated symptoms. The most commonly
used anti-inflammatory agents include:

- Non-Steroidal Anti-Inflammatory Drugs (NSAIDs): These drugs, such as ibuprofen and
naproxen, inhibit cyclooxygenase (COX) enzymes, thereby reducing the synthesis of pro-
inflammatory prostaglandins. While effective in managing pain and inflammation, NSAIDs are
associated with gastrointestinal issues, renal impairment, and increased cardiovascular risks

with prolonged use.

- Corticosteroids: Steroids like prednisone and dexamethasone exert potent anti-
inflammatory effects by modulating gene expression and suppressing the immune response.
However, their long-term use can lead to adverse effects including osteoporosis,

hyperglycemia, weight gain, and increased susceptibility to infections.

- Disease-Modifying Anti-Rheumatic Drugs (DMARDs): Used primarily in autoimmune
conditions like rheumatoid arthritis, DMARDSs such as methotrexate and sulfasalazine aim to
slow disease progression. These drugs can have significant side effects, including

hepatotoxicity and immunosuppression.

- Biologics: These are targeted therapies that interfere with specific components of the
immune system, such as tumor necrosis factor-alpha (TNF-a) inhibitors. While effective,

biologics are expensive and can increase the risk of infections and malignancies.

Limitations and Side Effects

The reliance on conventional anti-inflammatory drugs is tempered by their potential for adverse
effects, particularly with long-term use. Issues such as gastrointestinal bleeding, cardiovascular
complications, and systemic immunosuppression underscore the need for alternative

therapeutic strategies that offer effective inflammation control with a better safety profile.

1.4 PHYTOCONSTITUENTS AS ALTERNATIVE THERAPEUTICS! 2
Phytoconstituents, the biologically active compounds found in plants, have been integral to
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traditional medicine systems for centuries. These natural compounds exhibit a wide range of
pharmacological activities, including anti-inflammatory, antioxidant, antimicrobial, and
anticancer properties. The resurgence of interest in phytoconstituents is driven by their
potential to provide effective therapeutic benefits with fewer side effects compared to
synthetic drugs.

Phytoconstituents encompass various chemical classes, including:

- Flavonoids: Polyphenolic compounds found in fruits, vegetables, tea, and wine.

- Terpenoids: Compounds derived from isoprene units, present in essential oils and resins.

- Alkaloids: Nitrogen-containing compounds found in plants like poppies, coffee, and
tobacco.

- Phenolic Acids: Compounds with a phenol ring and carboxylic acid group, present in
berries, nuts, and grains.

- Saponins, Tannins, and Lignans: Other classes of phytochemicals with diverse biological

activities.

Historical Use in Traditional Medicine

Traditional medicinal systems such as Ayurveda, Traditional Chinese Medicine (TCM), and

Indigenous healing practices have long utilized plants and their extracts to treat inflammatory

conditions. For example:

- Turmeric (Curcuma longa): Used in Ayurveda for its anti-inflammatory and antioxidant
properties, primarily attributed to curcumin.

- Ginger (Zingiber officinale): Employed in various traditional remedies to alleviate
inflammation and pain.

- Willow Bark (Salix spp.): Historically used for pain relief, containing salicin, a precursor
to aspirin.

- Green Tea (Camellia sinensis): Valued in TCM for its anti-inflammatory and antioxidant

benefits, largely due to catechins.

The integration of phytoconstituents into modern therapeutic regimens is supported by
scientific research validating their efficacy and safety, making them promising candidates for

managing inflammation and related diseases.
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Phytoconstituent Biological Source Family Animal Model Dose
Curcumin®? Curcuma longa (Turmeric) Zingibera ceae | Rat model of arthritis ?gglr)\g/kg/ day

Quercetin™

Allium cepa (Onion),

Amaryllid aceae,

Mice model of colitis

50 mg/kg (oral)

Camellia sinensis (Green tea) | Theaceae
Resveratrol™ Vitis vinifera (Grapes) Vitaceae Rat model of colitis | 20 mg/kg (oral)
Epigallocatechin gallate Camellia sinensis (Green tea) | Theaceae Mice model of 50 mg/kg (oral)

(EGCG)1

arthritis

Boswellic acid™*”

Boswellia serrata (Indian
frankincense)

Burserace ae

Rat model of arthritis

100 mg/kg (oral)

Gingerol™®

Zingiber officinale (Ginger)

Zingibera ceae

Mice model of
rheumatoid arthritis

100 mg/kg (oral)

Berberine™

Berberis vulgaris (Barberry)

Berberida ceae

Rat model of colitis

50 mg/kg (oral)

Apium graveolens (Celery),

. [19] : e Apiaceae, Mice model of
Luteolin g:gséc;;m annuum (Chili Solanace e inflammatio n 25 mg/kg (oral)
Hesperidin™” Citrus sinensis (Orange) Rutaceae Rat model of colitis | 100 mg/kg (oral)
Apigenin?! Matricaria chamomilla Asteracea e Mice model of 20 mglkg (oral)

(Chamomile)

inflammatio n

LITERATURE REVIEW

2 Mechanisms of Anti-Inflammatory Action

Understanding the mechanisms through which phytoconstituents exert their anti-inflammatory
effects is crucial for elucidating their therapeutic potential and optimizing their use in clinical
settings. This section explores the primary mechanisms by which phytochemicals modulate
inflammation, including the modulation of inflammatory cytokines, inhibition of pro-
inflammatory enzymes, antioxidant activity, and interference with key signaling pathways.

2.1 Modulation of Inflammatory Cytokines!*?

Cytokines are small proteins released by cells that play a pivotal role in cell signaling,
especially within the immune system. Pro-inflammatory cytokines such as Tumor Necrosis
Factor-alpha (TNF-a), Interleukin-6 (IL-6), and Interleukin-1 beta (IL-1p) are central to the
inflammatory response. Phytoconstituents modulate these cytokines through various
mechanisms:

- Downregulation of Cytokine Production: Many phytochemicals inhibit the synthesis and
secretion of pro-inflammatory cytokines. For example, quercetin and resveratrol have been
shown to reduce TNF-a and IL-6 levels in both in vitro and in vivo studies.

- Inhibition of Cytokine Signaling Pathways: Phytochemicals interfere with the signaling

pathways that lead to cytokine production. Curcumin, for instance, inhibits the NF-xB
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pathway, thereby reducing the transcription of cytokine genes.
- Enhancement of Anti-Inflammatory Cytokines: Some phytoconstituents not only suppress
pro-inflammatory cytokines but also promote the production of anti-inflammatory cytokines

like Interleukin-10 (IL-10), which helps in resolving inflammation.

Examples

- Quercetin: Inhibits the production of TNF-o and IL-6 by suppressing the NF-xB
pathway.

- Curcumin: Reduces IL-1p and TNF-a levels through NF-«B inhibition.

- Resveratrol: Lowers IL-6 and TNF-a by activating SIRT1 and suppressing NF-«B.

2.2 Inhibition of Enzymes'?*!

- Pro-inflammatory enzymes such as cyclooxygenase-2 (COX-2), lipoxygenase (LOX), and
inducible nitric oxide synthase (iNOS) play critical roles in the synthesis of inflammatory
mediators like prostaglandins, leukotrienes, and nitric oxide (NO).

- Cyclooxygenase-2 (COX-2): COX-2 is responsible for the conversion of arachidonic acid
to prostaglandins, which mediate pain and inflammation. Phytochemicals like curcumin and
gingerol inhibit COX-2 activity, thereby reducing prostaglandin synthesis.

- Lipoxygenase (LOX): LOX enzymes convert arachidonic acid to leukotrienes, which are
potent inflammatory mediators. Boswellic acids selectively inhibit 5-LOX, decreasing
leukotriene production.

- Inducible Nitric Oxide Synthase (iNOS): iINOS produces nitric oxide in response to
inflammatory stimuli. Overproduction of NO contributes to inflammation and tissue damage.
Phytoconstituents like berberine and gallic acid inhibit INOS expression, reducing NO levels.

Examples

- Curcumin: Inhibits COX-2 and LOX enzymes, reducing prostaglandin and leukotriene
synthesis.

- Boswellic Acids: Selectively inhibit 5-LOX, decreasing leukotriene production.

- Gingerol: Suppresses COX-2 and iNOS, reducing prostaglandin and NO synthesis.

2.3 Antioxidant Activity!®"
- Oxidative stress, characterized by an imbalance between the production of reactive oxygen
species (ROS) and the body's antioxidant defenses, plays a significant role in the initiation and

propagation of inflammation. Phytoconstituents exert antioxidant effects that mitigate
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oxidative stress, thereby attenuating inflammation.

- Free Radical Scavenging: Many phytochemicals can directly neutralize free radicals,
preventing them from damaging cellular components and triggering inflammatory pathways.

- Enhancement of Endogenous Antioxidant Systems: Phytoconstituents can upregulate the
expression and activity of endogenous antioxidant enzymes such as superoxide dismutase
(SOD), catalase (CAT), and glutathione peroxidase (GPx).

- Protection of Cellular Structures: By reducing oxidative damage to lipids, proteins, and
DNA, phytochemicals help maintain cellular integrity and function during inflammatory

responses.

Examples

- Quercetin: Scavenges free radicals and enhances the activity of antioxidant enzymes like
SOD and CAT.

- EGCG: Neutralizes ROS and upregulates endogenous antioxidants, protecting cells from
oxidative damage.

- Gallic Acid: Acts as a potent antioxidant, reducing lipid peroxidation and enhancing

antioxidant defenses.

2.4 NF-kB Pathway Inhibition!?®!

- The Nuclear Factor kappa-light-chain-enhancer of activated B cells (NF-kB) pathway is a
central regulator of the inflammatory response. Upon activation, NF-kB translocates to the
nucleus, where it induces the transcription of various pro-inflammatory genes, including
cytokines, chemokines, and adhesion molecules.

- Inhibition of NF-xB Activation: Phytoconstituents can prevent the activation of NF-xB by
inhibiting upstream signaling molecules or by blocking the translocation of NF-xB to the
nucleus.

- Suppression of IkB Degradation: NF-kB is normally held inactive in the cytoplasm by its
inhibitor, IkB. Phytochemicals like curcumin prevent the phosphorylation and subsequent

degradation of kB, thereby inhibiting NF-kB activation.

Examples
- Curcumin: Directly inhibits the activation of NF-xB, reducing the expression of
inflammatory genes.

- Resveratrol: Activates SIRT1, which deacetylates and inhibits NF-kB, thereby suppressing
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inflammation.
- Quercetin: Prevents NF-xB translocation to the nucleus, diminishing pro-inflammatory

gene transcription.

2.5 MAPK Pathway Modulation!?®

- Mitogen-Activated Protein Kinase (MAPK) pathways are critical for transmitting
extracellular signals to the nucleus, leading to the expression of genes involved in
inflammation, cell proliferation, and apoptosis. The MAPK family includes ERK, JNK, and
p38 MAPK, each playing distinct roles in inflammatory responses.

- Inhibition of MAPK Activation: Phytoconstituents can inhibit the phosphorylation and
activation of MAPKSs, thereby attenuating the downstream inflammatory signaling.

- Regulation of Gene Expression: By modulating MAPK pathways, phytochemicals
influence the transcription of inflammatory genes and the production of cytokines and

chemokines.

Examples

- EGCG: Inhibits the activation of p38 MAPK, reducing the production of pro-
inflammatory cytokines.

- Berberine: Suppresses JNK and p38 MAPK pathways, leading to decreased inflammation.

- Gingerol: Modulates MAPK signaling, attenuating the inflammatory response.

3 Comparative Efficacy of Phytoconstituents

Evaluating the efficacy of phytoconstituents in managing inflammation involves assessing their
performance across different experimental models, including in vitro assays, in vivo animal
studies, and human clinical trials. This section provides a comparative analysis of various

phytochemicals, highlighting their strengths and limitations in different contexts.

3.1 Clinical Trials
Clinical trials are the gold standard for determining the efficacy and safety of phytoconstituents
in humans. These studies assess the therapeutic potential of phytochemicals in managing

inflammatory conditions under real-world conditions.

Key Findings
- Curcumin: Clinical trials have demonstrated its efficacy in reducing joint pain and

inflammation in rheumatoid arthritis and osteoarthritis patients without significant adverse
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- Resveratrol: Supplementation has been associated with lowered inflammatory markers and
improved metabolic profiles in overweight individuals.!**!

- Boswellic Acids: Clinical studies reported improvements in osteoarthritis symptoms and
reduced inflammatory markers with boswellic acid supplementation.t*!

- Gingerol: Clinical trials have shown that ginger supplementation can alleviate pain and

improve physical function in osteoarthritis patients.!*"

Advantages

- Direct Human Relevance: Clinical trials provide definitive evidence of efficacy and safety
in human populations.

- Comprehensive Evaluation: These studies assess multiple outcomes, including clinical

symptoms, biochemical markers, and quality of life.

Limitations

- Variability in Study Design: Differences in dosage, duration, and participant characteristics
can affect the comparability of results across studies.

- Placebo Effect: The psychological impact of expecting a treatment to work can influence

outcomes, necessitating rigorous placebo-controlled designs.

4 PHYTOCONSTITUENTS WITH ANTI-INFLAMMATORY PROPERTY

Inflammation is mediated by a network of signaling pathways and molecular interactions.
Phytoconstituents exert their anti-inflammatory effects through various mechanisms, including
modulation of cytokine production, inhibition of pro-inflammatory enzymes, antioxidant
activity, and interference with key signaling pathways. This section delves into the major
classes of phytoconstituents with demonstrated anti-inflammatory properties, providing

detailed insights into specific compounds within each class.

4.1 Flavonoids
Flavonoids are a diverse group of polyphenolic compounds widely distributed in fruits,
vegetables, tea, wine, and various medicinal plants. They are renowned for their antioxidant,

anti-inflammatory, and anticancer properties.
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4.1.1 Quercetin?"®!
Sources:
Quercetin is abundant in apples, onions, berries, kale, and tea. It is one of the most prevalent

dietary flavonoids and is available as a dietary supplement.

Chemical Characteristics (Cc)

e Molecular Formula: C15H1007

e Molecular Weight: 302.24 g/mol

e Structure: Quercetin has a flavonoid structure characterized by a benzopyran ring fused

to a benzene ring and hydroxyl groups at specific positions.

OH O
1. Structure of Quercetin.

Mechanism of Action

Quercetin exerts its anti-inflammatory effects through multiple pathways:

- Inhibition of Pro-Inflammatory Cytokines: Quercetin reduces the production of cytokines
such as TNF-a, IL-6, and IL-1p.

- Enzyme Inhibition: It inhibits cyclooxygenase (COX) and lipoxygenase (LOX) enzymes,
thereby reducing the synthesis of pro-inflammatory eicosanoids.

- NF-xB Pathway Inhibition: Quercetin suppresses the activation of the NF-kB pathway, a
key regulator of inflammatory gene expression.

- Antioxidant Activity: It scavenges free radicals and enhances the activity of endogenous

antioxidant enzymes, mitigating oxidative stress-induced inflammation.

Solubility
- Quercetin is poorly soluble in water (approximately 0.5 mg/mL) but soluble in organic
solvents like ethanol, methanol, and dimethyl sulfoxide (DMSQO). Its low solubility can

impact its bioavailability.
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Table 2: Anti-Inflammatory Studies of Quercetin.

Study Model Dose Findings
Quercetin significantly inhibited the production
Boots et al., 20081 | In vitro (Macrophages) Not specified | of TNF-a and IL-6 in LPS- stimulated
macrophages.
. Quercetin supplementation reduced paw edema
Kimetal., 2010°" II rr:fY;\r/r:)ngZ?(t)rrSOdel of acute | o specified | and decreased levels of pro- inflammatory
cytokines in rats.
Egertetal. 201010 Clinical Trial (Overweight 150 mg/day Quercetin intake led to a significant reduction in
B individuals) inflammatory markers in overweight individuals.
Boots etal., 20081 | In vitro (Endothelial Cells) | 25 ug Quercetin reduced oxidative stress and
inflammation in endothelial cells.
Rennolds et Animal (Mice with Lung 50 Quercetin reduced inflammation and lung injury
al., 20121 Injury) mg/kg/day | in mice.

4.1.2 Catechins36:37

Sources

Catechins are predominantly found in green tea (Camellia sinensis), with significant amounts
also present in cocoa, berries, and certain fruits.

e Molecular Formula: C15H1407

e Molecular Weight: 290.27 g/mol

e Structure: Contains a chromone ring with hydroxyl groups at various positions.

OH

OH

2. Structure of Catechins.

Mechanism of Action

Catechins exhibit anti-inflammatory effects through:

- Inhibition of Pro-Inflammatory Enzymes: Catechins inhibit COX-2 and iNOS, reducing
the production of prostaglandins and nitric oxide.

- Modulation of Cytokine Production: They downregulate pro-inflammatory cytokines like
TNF-o and IL-6.

- Antioxidant Activity: Catechins neutralize free radicals and enhance the body's
antioxidant defenses.

- Signal Pathway Modulation: They interfere with the NF-«xB and MAPK
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pathways, attenuating inflammatory gene expression.

Table 3: Anti-Inflammatory Studies of Catechins.

Study Model Dose Findings
Thangavel et In Vitro (Human Inhibited NF-xB pathway, reducing
al.,2009%*%! Monocytic Cells) 200 mg/kg/day inflammatory pathways.

Kumar et al., 20125

In Vivo (Rat Model of
Arthritis)

Catechin-rich Green
Tea Extract

Reduced inflammatory markers and
improved joint health in rats with arthritis.

Vitaet al.,20031"!

Clinical Trial (Human,
Metabolic Syndrome)

Green Tea Catechin
Supplementation

Lowered inflammatory markers and
improved endothelial function in patients
with metabolic syndrome.

Animal (Rats with

Decreased body weight and improved

[41]
Yuan etal., 2011 Induced Obesity) 100 mg/kg/day insulin sensitivity in obese rats.
Henning et al., Human (Healthy 800 mg/day Green Increased antioxidant activity and reduced
200444 Volunteers) Tea Extract oxidative DNA damage.

4.2 Terpenoids
Terpenoids, also known as isoprenoids, are a large and diverse class of naturally occurring
organic chemicals derived from five-carbon isoprene units. They are found in essential oils,

resins, and various plant parts.

42.1 Curcumint®

Sources

Curcumin is the principal curcuminoid found in turmeric (Curcuma longa), a spice widely used
in Indian cuisine and traditional medicine.

e Molecular Formula: C21H2006

e Molecular Weight: 368.38 g/mol

e Structure: Curcumin consists of a central heptane chain flanked by two aromatic rings,

contributing to its unique biological activity.

H3CO
3. Structure of Curcumin.

OCHs

Mechanism of Action
Curcumin's anti-inflammatory properties are attributed to:

- Inhibition of NF-xB: Curcumin suppresses the activation of the NF-kB pathway, reducing
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the expression of inflammatory genes.

- Modulation of Cytokine Production: It decreases the levels of pro-inflammatory cytokines
such as TNF-a, IL-1p, and IL-6.

- Enzyme Inhibition: Curcumin inhibits COX-2 and LOX enzymes, reducing prostaglandin
synthesis.

- Antioxidant Activity: It scavenges reactive oxygen species (ROS) and enhances

antioxidant defenses, mitigating oxidative stress.

Table 4: Anti-Inflammatory Studies of Curcumin.

Study

Model Dose Findings

Amiri etal.,2018]

Animal (Mice with Alleviated inflammation and

Inflammatory Bowel Disease)

inflammatory bowel disease.

4.2.2 Resveratroll*®#%l

Sources

Resveratrol is found in the skin of grapes, blueberries, raspberries, mulberries, and peanuts. It
is also present in red wine, contributing to the "French Paradox."”

e Molecular Formula: C14H1203

e Molecular Weight: 228.24 g/mol

e Structure: Resveratrol has a biphenyl structure with two aromatic rings connected by

OH
L

a double bond and a hydroxyl group.

HD

OH
[4. Structure of Resveratrol]

Mechanism of Action

Resveratrol exerts anti-inflammatory effects through:

- NF-xB Inhibition: Resveratrol inhibits the NF-«B signaling pathway, reducing the
expression of inflammatory genes.

- SIRTL1 Activation: It activates sirtuin 1 (SIRT1), a protein deacetylase that suppresses

inflammation.
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- Cytokine Modulation: Resveratrol lowers levels of pro-inflammatory cytokines like TNF-

o and 1L-6.

- Antioxidant Properties: It neutralizes free radicals and upregulates endogenous antioxidant

enzymes.

Table 5: Anti-Inflammatory Studies of Resveratrol.

Study Model Dose Findings
Inhibited the production of TNF-
Resveratrol a and IL-1p in activated
Varela et al., 2013%) In Vitro (Activated Macrophages) | (Concentration not : .
o macrophages, suggesting anti-
specified) .
inflammatory effects.
. . Reduced inflammatory markers
[50] In Vivo (Mouse Model of Obesity- : o e
Parketal.,2010 Induced Inflammation) 300 mg/day gnd |mpr0\(ed insulin sensitivity
in obese mice.
. . . Lowered inflammatory markers
Timmerset al., 2011P% Clinical Trial (Overweight Resveratrol and improved metabolic profiles
Individuals) Supplementation : S
in overweight individuals.
Decreased inflammation markers
Martin et al., 2020%% | Human (Obese Patients) 150 mg/day and improved metabolic
parameters in obese patients.

4.3 Alkaloids

Alkaloids are nitrogen-containing compounds found in plants, known for their diverse

pharmacological activities, including analgesic, anti-inflammatory, and antimicrobial effects.

43.1 Berberinel®5"%

Sources

Berberine is found in several plants, including Berberis species (such as barberry), goldenseal,

and Oregon grape.
e Molecular Formula- C20H18N204
e Molecular Weight- 336.37 g/mol

e Structure

- Berberine is an isoquinoline alkaloid with a characteristic structure featuring:

- Aprotoberberine skeleton, which consists of a dibenzo[a,g]quinolizinium structure.

- Multiple functional groups, including hydroxyl groups and a methoxy group.
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5. Structure of Berberine.

Mechanism of Action

Berberine's anti-inflammatory actions involve:
- NF-xB Pathway Inhibition: Berberine suppresses NF-kB activation, leading to
decreased expression of inflammatory cytokines.

- AMPK Activation It activates AMP-activated protein kinase (AMPK), which has anti-
inflammatory and metabolic regulatory effects.

- Cytokine Modulation: Berberine reduces the production of TNF-a, IL-6, and IL-1p.

- Antioxidant Effects: It enhances antioxidant enzyme activities, mitigating oxidative stress.

Table 6: Anti-Inflammatory Studies of Berberine.

Study Model Dose Findings
s | In Vitro (LPS- Stimulated Inhibited the production of pro- inflammatory
Haoetal., 2014 Macrophages) 300 mg/day cytokines by blocking the NF-«kB pathway.
In Vivo (Mouse Model of | Berberine Reduced inflammation and improved insulin

Wau et al., 2015%

Type 2 Diabetes)

Administration

sensitivity in mice with type 2 diabetes.

Yin et al.,20084

Clinical Trial (Patients

250 mg/day

Significant reductions in inflammatory markers
and improved lipid profiles in patients with

with Metabolic Syndrome)

metabolic syndrome.

www.wipr.net |

4.4 Phenolic Acids
Phenolic acids are a class of phytochemicals characterized by the presence of a hydroxyl group
attached to an aromatic ring. They are widely distributed in plants and contribute to the taste,

color, and defense mechanisms of plants.

4.4.1 Gallic Acid®™

Sources

Gallic acid is found in gallnuts, sumac, witch hazel, tea leaves, and various berries. It is also
present in foods like grapes, apples, and pomegranates.

e Molecular Formula: C7TH605
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Molecular Weight:170.12 g/mol

Structure

Chemical Structure: Gallic acid is a trihydroxybenzoic acid, featuring:

A benzene ring with three hydroxyl (-OH) groups at positions 3, 4, and 5.

A carboxylic acid (-COOH) group at position 1.

Os_ OH

HO OH
OH

6. Structure of Gallic Acid.

Mechanism of Action

Gallic acid's anti-inflammatory properties are mediated through:

- Inhibition of Pro-Inflammatory Enzymes: It inhibits COX-2 and iNOS, reducing the
synthesis of prostaglandins and nitric oxide.

- Antioxidant Activity: Gallic acid scavenges free radicals and enhances the activity of
endogenous antioxidants.

- Cytokine Suppression: It lowers levels of TNF-a, I1L-6, and IL-1p.

- Signal Pathway Modulation: Gallic acid interferes with the NF-kB and MAPK signaling

pathways, attenuating inflammatory gene expression.

Table 7: Anti-Inflammatory Studies of Gallic Acid.

Study Model Findings
Lee et al. 20131 In Vitro (LPS-Stimulated RAW Inhibi_ted the productipn of pro- inflammatory
B 264.7 Macrophages) cytokines by suppressing NF-kB activation.
Hussain et al. 201314 In Vivo (Rat Model of Carrageenan- | Reduced inflammation and oxidative stress in a
K Induced Paw Edema) rat model of paw edema.

4.5 Other Phytoconstituents
In addition to the four mentioned classes, several other phytoconstituents have demonstrated

significant anti-inflammatory properties. This subsection highlights some of these compounds,

detailing their sources, mechanisms, and study findings.
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451 Gingerol™

Sources

World Journal of Pharmaceutical Research

Gingerol is the active constituent in ginger (Zingiber officinale), a widely used spice and

medicinal plant.
e Molecular Formula: C17H2604
e Molecular Weight: 294.39 g/mol

e Structure: Gingerol is a phenolic compound with a distinctive structure, characterized by

a hydroxyl group and an alkyl chain, which contributes to its biological activity.

HO
OCHs

O OH

7. Structure of Gingerol.

Mechanism of Action

Gingerol exerts anti-inflammatory effects by:

- COX and LOX Inhibition: It inhibits cyclooxygenase and lipoxygenase enzymes,

reducing the production of pro-inflammatory eicosanoids.

- Cytokine Reduction: Gingerol decreases the levels of TNF-a, IL-6, and IL-1p.

- NF-xB Pathway Suppression: It inhibits the activation of the NF-xB signaling pathway.

- Antioxidant Activity: Gingerol scavenges free radicals, protecting cells from oxidative

damage.

Table 8: Anti-Inflammatory Studies of Gingerol.

Study Model

Dose

Findings

Grzannaet al.,

2005.5! In Vitro (Human Monocytic Cells)

Gingerol (Concentration
not specified)

Inhibited the production of pro-
inflammatory cytokines in
human monocytic cells.

In Vivo (Rat Model of
Hsu et al., 2002 | Carrageenan- Induced Paw
Edema)

Gingerol Administration

Reduced inflammation and pain
in a rat model of paw edema.

Altman and Clinical Trial (Patients with
Marcussen,2001°" | Osteoarthritis of the Knee)

Ginger Supplementation

Alleviated pain and improved
physical function in patients
with knee osteoarthritis.

Khanetal.,

207121681 Human (Healthy Adults)

2 g/day (Ginger Extract)

Significant reduction in muscle
pain and inflammation post-
exercise.
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4.5.2 Epigallocatechin Gallate (EGCG)®*"!

Sources

EGCG is the most abundant catechin in green tea (Camellia sinensis) and is responsible for
many of its health benefits.

e Molecular Formula: C22H18011

e Molecular Weight: 458.38 g/mol

e Structure: EGCG consists of a gallate ester of epigallocatechin, featuring multiple

hydroxyl groups that contribute to its antioxidant properties.

OH
OH

HO o é[
o OH
ﬁ)’\je
OH OH
(o]
OH
OH

8. Structure of Epigallocatechin Gallate (EGCG).

Mechanism of Action

EGCG's anti-inflammatory effects are mediated through:

- NF-«xB Inhibition: EGCG suppresses the activation of the NF-kB pathway, reducing the
expression of inflammatory genes.

- Cytokine Modulation: It decreases the production of TNF-a, IL-6, and IL-1p.

- Antioxidant Activity: EGCG neutralizes free radicals and upregulates antioxidant
enzymes.

- Signal Pathway Interference: It modulates MAPK and JAK-STAT pathways, attenuating

inflammatory responses.

Table 9: Review of Epigallocatechin Gallate (EGCG)

Study Model Dose Findings
In Vitro (Human Bronchial Inhibited the production of
- EGCG .
Hsu etal., 2005[69] Epithelial _ (Concentration not pro-m_flam_matory
Cells Exposed to Cigarette Smoke specified) cytokines in human
Extract) P bronchial epithelial cells.
. Reduced inflammation and
Kimetal,, 2004l In Vivo (Mouse Model of FGCG oxidative stress in a mouse
Asthma) Administration
model of asthma.
Thielecke and Bosch, Clinical Trial (Individuals with Green Tea Lowered inflammatory
2009 Chronic Inflammation) Supplementation markers in individuals with
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\ \ (EGCG-rich) \ chronic inflammation.

4.5.3 Boswellic Acids™

Sources

Boswellic acids are pentacyclic triterpenoids found in the resin of Boswellia serrata, also
known as Indian frankincense.

e Molecular Formula: C30H4803

e Molecular Weight: Approximately 456.7 g/mol

e Structure: Boswellic acid has a pentacyclic triterpene structure.

9. Structure of Boswellic Acid.

Mechanism of Action

Boswellic acids exert anti-inflammatory effects by:

- 5-Lipoxygenase (5-LOX) Inhibition: They selectively inhibit 5-LOX, reducing the synthesis
of leukotrienes, potent pro-inflammatory mediators.

- Inhibition of Pro-Inflammatory Cytokines: Boswellic acids decrease the production of TNF-
a, IL-1B, and IL-6.

- NF-«xB Pathway Suppression: They inhibit the activation of the NF-«B signaling pathway.

- Antioxidant Properties: Boswellic acids scavenge free radicals and enhance antioxidant

defenses.

Studies and Findings

» In Vitro Study: A study by Madapusi et al. (1999) showed that boswellic acids inhibited 5-
LOX activity in human leukocytes, leading to decreased leukotriene synthesis.

» In Vivo Study: Research by Singh et al. (2002) demonstrated that boswellic acid
supplementation reduced inflammation and joint damage in a rat model of arthritis.

» Clinical Trial: A randomized, double-blind, placebo-controlled trial by Ammon et al.

(2008) found that boswellic acids improved symptoms in patients with osteoarthritis
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without significant adverse effects.
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Table 10: Anti-Inflammatory Studies of Boswellic Acids.

Study

Model

Dose

Findings

Madapusi et al., 1999["!

In Vitro (Human Leukocytes)

Boswellic Acids
(Concentration not
specified)

Inhibited 5-LOX activity, leading to
decreased leukotriene synthesis in
human leukocytes.

Singhetal., 2002L"

In Vivo (Rat Model of
Arthritis)

Boswellic Acid
Supplementation

Reduced inflammation and joint
damage in a rat model of arthritis.

Kumar et al., 2015

Animal (Inflammation Model
in Rats)

100 mg/kg/day

Reduced inflammation and
oxidative stress in the treated group.

CONCLUSION

Inflammation is a cornerstone in the pathogenesis of a numerous chronic diseases, making its
effective management a critical aspect of healthcare. Conventional anti-inflammatory drugs,
while effective, are often accompanied by significant adverse effects, highlighting the need for
alternative therapeutic agents with better safety profiles. Phytoconstituents, with their diverse
chemical structures and multifaceted mechanisms of action, emerge as promising candidates in

the quest for effective inflammation management.

This review has elucidated the anti-inflammatory properties of various phytochemicals,
including flavonoids (quercetin, catechins), terpenoids (curcumin, resveratrol), alkaloids
(berberine), phenolic acids (gallic acid), and other compounds (gingerol, EGCG, boswellic
acids). These phytoconstituents exhibit their effects through the modulation of inflammatory
cytokines, inhibition of pro-inflammatory enzymes, antioxidant activity, and interference with
key signaling pathways such as NF-kB and MAPK. Comparative analyses across in vitro, in
vivo, and clinical studies underscore their potential efficacy, though challenges related to
bioavailability, standardization, and safety must be addressed to fully harness their therapeutic

potential.

In conclusion, phytoconstituents represent a valuable frontier in the development of novel anti-
inflammatory agents. Their multifaceted mechanisms, coupled with a favorable safety profile,
position them as viable alternatives or adjuncts to conventional therapies. As research
progresses, the integration of phytochemicals into mainstream medicine could revolutionize
the management of inflammatory diseases, aligning with the growing preference for natural

and sustainable healthcare solutions.
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ABBREVIATIONS

e CVD - Cardiovascular Disease

e NSAIDs - Non-Steroidal Anti-Inflammatory Drugs

e COX - Cyclooxygenase

e DMARD:s - Disease-Modifying Anti-Rheumatic Drugs
e TNF-a - Tumor Necrosis Factor-alpha

e TCM - Traditional Chinese Medicine

e EGCG - Epigallocatechin Gallate

e |L-6 - Interleukin-6

e |L-1 - Interleukin-1 beta

e LOX - Lipoxygenase

e NF-kB - Nuclear Factor kappa-light-chain-enhancer of activated B cells
e iNOS - Inducible Nitric Oxide Synthase

e MAPK - Mitogen-Activated Protein Kinase

e ROS - Reactive Oxygen Species

e SIRTL1-Sirtuin 1

e Cc - Chemical Characteristics

e AMPK - AMP-activated protein Kinase

e COX-2 - Cyclooxygenase-2

e JAK-STAT - Janus Kinase-Signal Transducer and Activator of Transcription
e 5-LOX - 5-Lipoxygenase

e |L-10 - Interleukin-10

e NO - Nitric Oxide

e SOD - Superoxide Dismutase

e CAT - Catalase

e GPx - Glutathione Peroxidase

e IkB - Inhibitor of kappa B

e ERK - Extracellular Signal-Regulated Kinase

e JNK - c-Jun N-terminal Kinase

e LPS - Lipopolysaccharide

e ADME - Absorption, Distribution, Metabolism, and Excretion
e GMP - Good Manufacturing Practices
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HPLC - High-Performance Liquid Chromatography
MS - Mass Spectrometry

NMR - Nuclear Magnetic Resonance
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