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Abstract: Inflammation is a complex biological response to harmful stimuli, playing a crucial role in various 

diseases, including autoimmune disorders, cardiovascular conditions, and neurodegenerative diseases. 

Medicinal plants have long been a source of bioactive compounds with anti-inflammatory properties, offering 

promising alternatives to synthetic drugs. This review explores the molecular mechanisms through which 

plant-derived compounds, such as flavonoids, alkaloids, phenolic acids, and terpenoids, modulate 

inflammatory pathways. Special emphasis is placed on their interaction with key inflammatory mediators, 

including cytokines, transcription factors, and eicosanoids. Additionally, the classification and mechanisms 

of non-steroidal anti-inflammatory drugs (NSAIDs) are discussed to highlight the potential of phytochemicals 

in developing novel anti-inflammatory therapies. By integrating traditional knowledge with modern 

pharmacological advancements, plant-based compounds present an innovative approach to inflammation 

management, warranting further research and clinical validation. 
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I. INTRODUCTION 

 

It is estimated that there are more than five hundred thousand species of plants in the world. The 

diversity and intricacy of plant metabolites pose a barrier to the research of the chemical repertoire 

available (Corlett, 2016; Laurance et al., 2012). 

 

The utilization of medicinal plants remains a fascinating avenue for obtaining natural remedies for a 

range of ailments. There are thought to have been studies on over 150,000 different plant species, many 

of which have been shown to have useful medicinal agents. The medicinal uses of new plant compounds 

have gradually increased in the last few years (Abima Shazhni et al., 2018; Cao & Deng, 2017). 

 

From ancient times, plants have been used extensively in human health treatment. Plants produce a 

wide range of biologically active compounds to protect themselves from environmental stressors and 

diseases. These minuscule chemical entities are generated through secondary metabolism and serve a 
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variety of biological purposes. The most notable of the several roles are the anti-inflammatory ones 

(Manju et al., 2012; Nardi et al., 2016). 

 

It is well-recognized that inflammation is a vital survival mechanism and a protective process that has 

been conserved throughout evolution (Liu et al., 2017). It consists of highly coordinated tissue alterations 

intended to eliminate the agent causing the cell damage, which may have been an infectious agent, a 

physical agent (such as radiation, burns, or trauma), a chemical (such as caustic substances), or a product 

of their metabolism (such as bacteria and toxins) (Fialho et al., 2018; Jang et al., 2016). Inflammation 

symptoms involved localized redness, pain, swelling, heat, and function loss (Manju et al., 2012). 

Anti-inflammatory drugs can change how inflammation is produced, minimizing tissue damage and 

enhancing patient comfort. Anti-inflammatory agents can be broadly classified into two groups: NSAIDs 

(Non-Steroidal Anti-Inflammatory Drugs)and glucocorticoids. These are essentially different in how they 

work. In summary, corticosteroids, which are used to treat autoimmune inflammatory response and asthma 

among other conditions, and prostaglandins and proteins implicated in inflammatory processes are 

inhibited by glucocorticoids. On the other hand, non-steroidal drugs are advised for the management of 

moderate to mild pain and the control of body temperature since they function by blocking the 

cyclooxygenase enzyme. Among the non-steroidal drugs is acetylsalicylic acid. When it comes to 

managing inflammation-related pain, both acute and chronic, NSAIDs are the most often prescribed drugs 

worldwide. NSAIDs encompass a broad range of compounds, all of which function by suppressing COX 

activity, which is necessary for the manufacture of prostaglandins and thromboxanes (Pereira-leite et al., 

2016; Sostres & Lanas, 2016). 

 

There are two different kinds of enzymes, COX-1 and COX-2, that function in different ways and are 

connected to the effects of NSAIDs. Most cells, including those found in amniotic and embryonic fluid, 

contain COX-1, which aids in physiological processes like defense and control. On the other hand, 

inflammation and proinflammatory cytokines activate COX-2 (Golden et al., 2024; Inotai et al., 2010). 

 

II. ANTI-INFLAMMATORY DRUG CLASSIFICATION 

 

2.1.Based on the Categories of NSAIDs 

 

There are four categories into which NSAIDs can be divided: (Pope & Deer, 2017; Süleyman et al., 

2007)  

a) Selective COX-1 inhibitors 

b) Non-selective inhibitor of COX 

c) Relatively selective inhibitor of COX-2 

d) Highly selective inhibitor of COX-2 

 

2.2.Based on the Chemical Structure of NSAIDs 

As per their molecular structure, NSAIDs are divided into many families, including anthranilates, 

oxicams (enol acids), aryl as well as heteroaryl acetic acid derivatives, salicylates, and indole/indene acetic 

acid derivatives (Kowalski & Makowska, 2015). 

The main structural component of an NSAID is an acidic moiety, such as an enol or carboxylic acid, 

attached to a planar aromatic functional group. NSAIDs have been first found as salicylates after the 

salicylic acid had been extracted through the bark of willow. Salicylic acid, or 2-hydroxybenzoic acid, is 

the source of these compounds. Medical practitioners first employed salicylic acid as sodium salt; 

however, aspirin, an acetylated derivative, eventually took the role of this molecule in therapeutic 

applications. Aspirin's “esterification of the phenolic hydroxyl group or diflunisal's insertion of a 

hydrophobic/lipophilic group at C-5 increased the drug's therapeutic value. Aryl or heteroaryl acetic acid 

derivatives are a noteworthy class of nonsteroidal anti-inflammatory drugs (NSAIDs) following 

salicylates. Some of the most popular NSAIDs are fenoprofen, ibuprofen, oxaprozin, and naproxen; these 
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are structural derivatives of aryl as well as heteroaryl acetic acid. Next up in the list of NSAIDs is indole, 

also known as indene acetic acid”, that comprises well-known analgesics like sulindac and indomethacin. 

Further, anthranilates represent another type of NSAID and are anthranilic acid’s N-aryl substituted 

derivatives. 

The most popular anthranilate NSAID is diclofenac, a derivative of 2-aryl acetic acid that comes in a 

variety of forms such as fast-acting sprays, topical ointments, injections, and painkiller pills. Anthranilic 

acid is also the source of mefenamic and meclofenamic acids. The final structural class of NSAIDs is 

called oxicams, and it is mostly made up of meloxicam and piroxicam. It is distinguished by the presence 

of the 4-hydroxy-benzothiazine heterocycle (Montinari et al., 2019). The chemical structure is another 

way to categorize NSAIDs: (Bindu et al., 2020; Blanca-Lopez et al., 2019; Kowalski et al., 2013) Table 

2.2.1. 

 

Table 2.2.1: Classification of NSAIDs Based on Chemical Structure 

 

Chemical Groups Drugs  Structures 

Salicylic acid derivates Aspirin (Acetylsalicylic acid)  

 

Benorilate 

Diflunisal 

Etersalate 

Lysine clonixinate 

Salicylamide 

Salsalate 

Indoleacetic acid 

derivatives 

Acemethacin 

 

Difenpiramide 

Glucamethacin 

Indomethacin 

Proglumethacin 

Oxamethacin 

Sulindac 

Tolmetin 

Aryl acetic derivatives Aceclofenac 

 

Alclofenac 

Bufexamac 

Diclofenac 

Etodolac 

Fentiazac 

Ketorolac 

Lonazolac 

Zomepirac 

Enolic acids  

Oxicans Droxicam 

 

Lornoxicam 

Meloxicam 

Oxaprozin 

Piroxicam 

Tenoxicam 

Pyrazolones Aminophenazone 

 

Feprazone 

Kebuzone 

Metamizole (Dipyrone) 

Mofebutazone 

Nifenazone 

Oxyphenbutazone 
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Phenylbutazone 

Suxinuzone 

Arylpropinoc derivatives Alminoprofen 

 

Benoxaprofen 

Butibufen 

Dexetoprofen 

Flunoxaprofen 

Flurbiprofen 

Ibuprofen 

Ibuproxam 

Indoprofen 

Ketoprofen 

Oxaprozin 

Phenoprofen 

Phenobufen 

Pyprophene 

Suprofen 

Tiaprofen 

Phenemates Etofenamate 

 

Flufenamic acid 

Meclofenamic acid 

Mefenamic acid 

Niflumic acid 

Tolipanic acid 

Others  

 Azapropazone 

 

Benzidamine 

Diacerhein 

Feprazone 

Glucosamine 

Glucosaminoglycan 

Morniflumato 

Nimesulide 

Ordotein 

Proquazone 

Tenidap 

Coxibs 4-Aminophenol 

 

Celecoxib 

Etoricoxib 

Parecoxib 

Paracetamol (Acetaminophen) 

Rofecoxib 

Valdecoxib 

Chemical Groups Drugs  

 

Salicylic acid derivates Aspirin (Acetylsalicylic acid)  

Benorilate 

Diflunisal 

Etersalate 

Lysine clonixinate 

Salicylamide 

Salsalate 

Indoleacetic acid 

derivatives 

Acemethacin 

Difenpiramide 

Glucamethacin 
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Indomethacin 

 

Proglumethacin 

Oxamethacin 

Sulindac 

Tolmetin 

Aryl acetic derivatives Aceclofenac 

 

Alclofenac 

Bufexamac 

Diclofenac 

Etodolac 

Fentiazac 

Ketorolac 

Lonazolac 

Zomepirac 

Enolic acids  

Oxicans Droxicam 

 

Lornoxicam 

Meloxicam 

Oxaprozin 

Piroxicam 

Tenoxicam 

Pyrazolones Aminophenazone 

 

Feprazone 

Kebuzone 

Metamizole (Dipyrone) 

Mofebutazone 

Nifenazone 

Oxyphenbutazone 

Phenylbutazone 

Suxinuzone 

Arylpropinoc 

derivatives 

Alminoprofen 

 

Benoxaprofen 

Butibufen 

Dexetoprofen 

Flunoxaprofen 

Flurbiprofen 

Ibuprofen 

Ibuproxam 

Indoprofen 

Ketoprofen 

Oxaprozin 

Phenoprofen 

Phenobufen 

Pyprophene 

Suprofen 

Tiaprofen 

Phenemates Etofenamate 

Flufenamic acid 

Meclofenamic acid 

Mefenamic acid 

Niflumic acid 
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Tolipanic acid 

 
Others  

 Azapropazone 

 

Benzidamine 

Diacerhein 

Feprazone 

Glucosamine 

Glucosaminoglycan 

Morniflumato 

Nimesulide 

Ordotein 

Proquazone 

Tenidap 

Coxibs 4-Aminophenol 

 

Celecoxib 

Etoricoxib 

Parecoxib 

Paracetamol (Acetaminophen) 

Rofecoxib 

Valdecoxib 

 

 

III. MECHANISM OF ACTION 

Cell membrane disruption is a prerequisite for inflammation. Consequently, phospholipase A2 

facilitates the release of phospholipids from leucocytes and platelets by pro-inflammatory cytokines like 

interleukin (IL)-1 and TNF-alpha (tumor necrosis factor-alpha). The breakdown of phospholipids by 

phospholipase A2 results in arachidonic acid, which when broken down, forms prostaglandins, 

prostacyclins, and thromboxanes by the enzyme cyclooxygenase (COX), and leukotrienes by the enzyme 

lipoxygenase. During the inflammatory process, COX also referred to as synthetase prostaglandins, 

initiates the production of prostaglandins from arachidonic acid. Through the process of oxygenation, it 

changes arachidonic acid into two unstable substances, prostaglandin G2 and prostaglandin H2. These are 

then converted by isomerases into prostacyclin, thromboxane A2, and prostaglandins D2, E2, and F2 

alpha. Because it increases pain sensitivity and has pyrogenic properties, prostaglandin E2 is significant. 

COX1 and COX2 are the two isoforms of Cox. These enzymes have distinct gene codes even though their 

protein structures are extremely similar. COX1 is found in nearly every tissue, including kidneys, gut, 

stomach, blood vessels, and platelets (constitutive). IL-1, IL-2, TNF, and other cytokines, together with 

growth factors and endotoxins, are present in close proximity to the site of inflammation and serve as 

mediators that encourage the production of COX2 (also known as inducible COX2). Monocytes, 

synoviocytes, and macrophages-cells implicated in inflammation are the main ones that express it. Some 

organs and tissues that have been found to contain COX2 are the kidneys, brain, ovaries, uterus, bones, 

cartilage, and vascular endothelium. Arachidonic acid also helps to produce leukotrienes by acting as an 

enzyme that catalyzes the liver. The modes of action of some anti-inflammatory medicines are shown in 

Fig. 3.1. (Yatoo et al., 2018). 
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Fig. 3.1: Mechanism of action of anti-inflammatory agent 

 

Alkaloids, resins, essential oils, flavonoids, polysaccharides, cannabinoids, phenolic compounds, 

steroids, plant glycoproteins, fatty acids, lignans, and other phytoconstituents with scientifically 

demonstrated anti-inflammatory activity all work against inflammation in different ways. By suppressing 

one or more enzymes, proteins, factors, or hormones involved in the inflammatory process, they may 

influence inflammatory pathways or promote anti-inflammatory mechanisms. It is necessary to investigate 

the precise mechanisms, though. Some plants that reduce inflammation may act through multiple channels 

or influence multiple organisms. 

 

By blocking the “phospholipase A2 enzyme and preventing the production of AA (Arachidonic Acid) 

by the membrane phospholipids”, phospholipase A2 inhibitors stop the first stage of an inflammatory 

response. There is potential for phospholipase A2 inhibition in several herbal plants. (Barbosa et al., 2004). 

Arachidonic acid is not converted to prostaglandins or thromboxane by COX inhibitors. Research has 

been done on COX inhibitor medicinal plants and their phytoconstituents. (Jachak, 2006). By blocking 

the synthesis of leukotrienes from arachidonic acid, LOX inhibitors assist (Schneider & Bucar, 2005a). 

Certain therapeutic plants function as dual inhibitors by inhibiting both COX and LOX (H. P. Kim et al., 

1998). Plants that suppress prostaglandin/leukotriene also have anti-inflammatory properties (Boudreau 

et al., 2017). 

 

One of the few substances that share characteristics with hormones, prostaglandin is involved in 

several physiological functions, including blood pressure regulation, inflammatory regulation, blood 

vessel dilation and constriction, and smooth muscle contraction and relaxation. The enzyme arachidonate 

5-lipoxygenase in leukocytes oxidizes the essential fatty acids AA and EPA (Eicosapentaenoic Acid), 

generating leukotrienes, a class of eicosanoid inflammatory mediators. mastocytoma cells, Leukocytes, 

macrophages, and any other tissues along with cells come together to create these physiologically active 

molecules in response to both nonimmunological as well as immunological stimuli. Among other 

biological actions, these compounds have the ability to attract and activate leukocytes, increase vascular 

permeability, and trigger bronchial smooth muscle contraction. Thus, medicinal herbs have demonstrated 

anti-prostaglandin and anti-leukotriene properties, and prostaglandin and leukotriene inhibitors decrease 

inflammation through distinct pathways (Anilkumar et al., 2017). 

 

IV. PHYTOCONSTITUENTS 

 

Phytoconstituents such as alkaloids (Placak, 1953), resins (Seo & Suk, 2007), essential oils (Dordević 

et al., 2007), polysaccharides (Xie et al., 2008), flavonoids (Kwon et al., 2005), phenolic compounds (Wu 

et al., 2006), cannabinoids (Formukong et al., 1988), steroids (Ko et al., 2008), fatty acids (Singh et al., 

2008), plant glycoproteins, and lignans (L. C. Lin et al., 2006) Are commonly found to exhibit anti-
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inflammatory effects. However, many phytoconstituents are believed to have an anti-inflammatory 

activity like Azadiradione. (Ilango et al., 2013), phenolic compounds, flavonoids, polyphenols (Ojewole, 

2005), curcumin (Shoskes et al., 2005), rosmarinic acid (Amaral et al., 2013), gamma linoleic acid (GLA) 

(Kast, 2001), linear aliphatic alcohols (e.g., octacosanol), phenolic compound (ferulic acid), and GLA, 

sterols like campesterol as well as beta-sitosterol (Rezapour-Firouzi et al., 2013), harpagoside (Setty & 

Sigal, 2005), galactolipid (Kharazmi, 2008), carnosic & carnosol acid are phenolic diterpenes (Poeckel et 

al., 2008), anthocyanins, n-6 polyunsaturated fatty acid (PUFA), gamma-linoleic acid, as well as alpha-

linolenic acid. 

 

V. INFLAMMATORY MEDIATORS 

 

5.1.Cytokines 

 

Cytokines are important signalling proteins that play a major part “in the host response against 

inflammation as well as the system of immune. They belong to the following categories: factors of growth, 

(IL) interleukins, interferons, chemokines, TNF (tumor necrosis factors), and colony-stimulating factors. 

They are further divided into pro- and anti-inflammatory cytokines (TNFα), TGFβ, IL-4, IL-10, IL-13, 

and interferon γ (IFNγ), and pro-inflammatory cytokines (IL-1, IL-6, IL-15, IL-17, IL-23, and TNFα) 

(Berczi & Szentivanyi, 2003). Each of them, which had several purposes, was created by immune cells as 

well as stromal cells in response to inflammatory or damaging stimuli. The cytokine class involves the 

following main inflammatory mediators”: 

 

5.1.1. Tumor Necrosis Factor α 

 

TNFα is one of the main cytokines that mediate inflammation. It affects many kinds of cells, like 

endothelial cells, inflammatory cells, and fibroblasts. (Berczi & Szentivanyi, 2003). T cells and 

macrophages are activated by various inflammatory stimuli, which results in their subsequent secretion of 

TNFα. Through a positive feedback loop, the released TNFα stimulates the release of further TNFα and 

other cytokines, including IL-8. (Balkwill, 2006). Conversely, an uncontrolled or persistent synthesis of 

TNFα may facilitate several pathologies, such as cancer, autoimmune diseases, and chronic inflammatory 

diseases, by the extra-inflammatory mediators as well as protease secretion which (Aggarwal et al., 2006), 

depending on the downstream signalling promoters, can also directly damage DNA and have either an 

apoptotic or anti-apoptotic function (Balkwill & Mantovani, 2010). Increased blood and intestinal mucosal 

levels of TNFα have been found in patients who have been suffering from Crohn's disease, ulcerative 

colitis, and inflammatory bowel disease (IBD) (Danese, 2011). 

Two receptors play an essential part in the mediated effects of TNF: TNFRI, which exists in most 

body cells, and “TNFRII, primarily expressed in the hematopoietic cells. Upon activation, TNF receptors 

bind their intracellular adaptor proteins and initiate many signalling cascades. The TNFRI activation 

increases the FAS-associated signal through death domain (FAS-associated death domain 

FADD)/caspase3/caspase8, mitogen-activated kinase (MAPK), receptor-interacting protein (RIP) 3, Jun 

Kinase (JNK)/activation protein-1 (AP-1), and IκB kinase (IKK)-NF-κB pathways. Through the JNK/AP-

1, MAPK, and NF-κB pathways, the gene expression of IL-1, IL-6, COX-2, chemokines, MMP, and 

adhesion molecules is stimulated. Since FADD/caspase3/caspase8 can trigger apoptosis and the activation 

of receptor-interacting protein (RIP), it can lead to necrosis. On the other hand, TNFRII activation triggers 

the transcription factors NF-κB or AP-1”, which subsequently trigger a range of growth factors and 

mediators of inflammation. This cascade results in the activation of negative apoptosis regulators, 

including superoxide dismutase, c-FLIP (“c-FLICE-like inhibitory protein”), and Bcl-2 (“B-cell 

lymphoma 2”) (Kuraishy et al., 2011). 

5.1.2. Interleukins 

Interleukins are a significant subclass of cytokines that are critical for immunological control. Among 

them, IL-1 plays a part in the production of ROS as well as reactive oxygen molecules (RNS) by phagocyte 

infiltrates at the time of the inflammatory states or cancers, and also the inflammatory molecules synthesis 

such integrins, MMPs, and chemokines. (Apte et al., 2006). There are two agonist versions and IL-1β, IL-
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1α, and one antagonist form known as IL-1 receptor antagonist (IL-1Ra) (Arena et al., 1998). IL-1α is 

found in the cytosol or cell membrane and is involved in the intracellular environment. The enzyme known 

as interleukin-1β-converting enzyme (ICE) transforms IL-1β into its active form before its extracellular 

secretion. IKKβ kinase is triggered upon IL-1 & IL-6 binding to their respective receptors, resulting in the 

IkBα degradation. Following this, proteins are released into the nucleus, where they aid in the gene's 

transcription by acting either alone or in concert with proteins of STAT. Phosphorylated STAT binds to 

p65 to stimulate histone acetyltransferase p300, which functions secondary and maintains p65 active in 

the nucleus. IL-1 contributes to the formation of RNS & ROS as well as inflammatory mediators such 

integrins, MMPs, and chemokines when phagocyte infiltrates are transformed under inflammatory or 

malignant situations (Apte et al., 2006). 

Another important molecule during acute inflammation is IL-6, and many inflammatory disorders are 

caused by unchecked synthesis of this molecule. (Balkwill & Mantovani, 2010). At the location of 

inflammation, T cells, macrophages, and monocytes are the main producers of substances linked to 

inflammation. NF-κB and AP-1 are two transcription factors that are necessary for the synthesis and 

release of IL-6 in the interim. gp130 chains dimerize and associated Janus kinases (JAKs) are activated 

when IL-6 interacts with its receptor, IL-6R. Further phosphorylation of gp130 by JAKs results in the 

recruitment and activation of several other molecules (SHP2, phosphoinositide-3-kinase PI3K, and Ras-

MAPK) as well as the transcription factors STAT3 and STAT1 (Heinrich et al., 2003). 

5.2.Chemokines 

 

Chemokines and chemoattractant cytokines control the actions of several biological molecules, 

mediating tasks like invasion of cells, survival, motility, and interactions by the extracellular matrix at the 

time of the inflammatory & immunological reactions. More than fifty chemokines and at least 18 human 

chemokine receptors have been found thus far (Locati & Murphy, 1999). G-proteins have 7 

transmembrane domains that are connected to receptors of chemokine. TNFα, hypoxia, IL-1β, and 

steroidal hormones (androgens, estrogens) control the production of IL8, a key chemokine that promotes 

inflammation. IL-8 exhibits a strong affinity for its widely distributed receptors. Through the PI3K 

pathway as well as the downstream signaling with the AKT, IL-8 regulates cell death along with 

proliferation while promoting chemotaxis. AKT phosphorylates the pro-apoptotic protein BAD and stops 

it from associating with the anti-apoptotic protein Bcl-xl (A. Li et al., 2003). AKT also results in the IκB 

degradation, the NF-κB inhibitor, and IKK activation (X. Li et al., 2015). Furthermore, IL-8 activates the 

Raf-1/MAP/ERK kinase 1/ERK cascade (Profita et al., 2008). 

 

5.2.1. Transforming growth factor β 

TGFβ is a regulatory cytokine included in the control of inflammation. (Yang et al., 2010). Different 

activators cleave TGFβ from its precursor to activate the dimer. Paired with its receptors, type I & II, 

which are serine/threonine kinases, activate TGFβ dimer signals. When type II receptors are paired with 

type I receptors, the type II receptors phosphorylated the type I receptors, and the Smad transcription 

factors were phosphorylated downstream to transmit the signal further. Transcriptional coactivators along 

with the suppressors which could simultaneously activate or inhibit 100s of target genes are drawn in by 

the activation of Smad complexes. (Wotton & Massague, 2000). Moreover, TGFβ functions as a cytostatic 

regulator through the inhibition of kinase inhibitors p15 & p21 and the suppression of c-Myc, a crucial 

transcriptional inducer of cell division & growth (Seoane et al., 2001). 

5.3.Transcription Factors 

One essential role of transcription factors is to control the pro-inflammatory mediator's expression at 

the time of the inflammation. Examples of these transcription factors are STAT1/STAT3, NF-κB, Nrf2, 

HIFs, and AP-1 (Gilmore, 2006). 
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5.3.1. NF- κB 

 

NF-κB is among the well-known heterodimeric transcription factors. The two main subunits of this 

protein are p50 and p65; together, they are termed the NF-κB/Rel complex. Inhibitory-κB, also known as 

IκB, is an inactive compound form that does not change cytoplasmically. (Gilmore, 2006). NF-κB could 

be activated by pro-inflammatory stimuli including viruses, cytokines, or lipopolysaccharides (LPS) 

through the phosphorylation and degradation of IkBα. As a result, NF-κB translocates as well as binds to 

the nucleus genes promoter regions that encode pro-inflammatory mediators like cytokines, iNOS, and 

COX-2. (Wu et al., 2014). It has been discovered that NF-κB is actively involved in chronic inflammatory 

disorders such as Crohn's disease, inflammatory lung diseases, IBD (Inflammatory Bowel Disease), and 

diseases of the kidney. Additionally, it contributes to the transcriptional regulation of over 150 genes. 

(Pahl, 1999). The genes targeted include those that are involved in the regulation of inflammation (TNF-

α, IL-6, IL-8, COX-2), cell proliferation inducers (cyclin D1, c-MYC), invasion as well as metastasis 

effectors (adhesion molecules, MMPs [Matrix Metalloproteinases]), DNA damage promoters (ROS, 

RNS), anti-apoptotic proteins (BCL-2), and angiogenic factors (angiopoietin, VEGF) (Brivanlou & 

Darnell, 2002). 

Pro-inflammatory substances (TNF-α, IL-1), viruses, growth factors, oncogenes in the cells of the 

tumour, the toll-like receptor (TLR)-MyD88 complex, stress of genotoxic, and hypoxia all activate the 

NF-κB signal transduction pathway. (Brivanlou & Darnell, 2002). 

 

5.3.2. STATs 

 

Tyrosine residue phosphorylation in response to specific stimuli activates redox-sensitive transcription 

factors or STATs. [66] STATs participate in downstream signalling that is triggered by cytokines like the 

“IL-6 family, IL-23, IL-21, PDGF, VEGF, and EGF. Of these, STAT activation is mostly caused by 

cytokine receptors. JAK family tyrosine kinases phosphorylate STAT to start signalling downstream. 

Phosphotyrosine-SH2 interactions result in the phosphorylation of STAT tyrosine residues, which 

stabilizes the Src-homology 2 (SH2) domain. The next step is the creation of STAT dimers, which 

translocate and attach to the nucleus' promoter regions of genes encoding” regulatory proteins for 

proliferation of cell and inflammatory modulators. Both maintaining NF-κB activation and ensuring that 

it remains in the nucleus require STAT3. Additionally, the p300 histone acetylase is brought into the 

nucleus by STAT3 and engages in interaction with the NF-κB RelA/p65 subunit. These interactions have 

been required for the acetylation of RelA as well as the transcription of genes that are dependent on 

STAT3. By enhancing NF-κB's nuclear retention along with activity in the nucleus, these actions extend 

the protein transcriptional activity (Yu et al., 2009). 

5.3.3. Hypoxia-inducible factor (HIF) 

The regulation of alterations in metabolism, function, and vascular function in response to the hypoxia 

is largely dependent on hypoxia-inducible factors, or HIFs (Semenza, 2011). In the interim, they play an 

essential part in regulating the metabolism & operation of diverse immune cells. (Palazon et al., 2014). It 

possesses HIF-α isoforms, HIF1α or HIF-2α and HIF-1β, and is composed of a heterodimeric complex. 

All types of immune cells, including neutrophils, dendritic cells, lymphocytes, and macrophages, are 

known to express HIF-1α, which is broadly expressed. Prolyl hydroxylases (PHDs), iron-dependent 

enzymes that hydroxylate HIF-α and increase its stability, are responsible for controlling HIF-α in the 

presence of plentiful oxygen. PHDs become dormant during hypoxic conditions, which causes HIF-α to 

build up and exacerbate inflammation. In addition to hypoxia, any stimulus that increases NF-κB activity 

can also stimulate HIF-1α expression, which in turn triggers the transcription of HIF-1α mRNA (Rius et 

al., 2008). 

5.4.Complement Activation Pathways 

Immune cells recognize a variety of chemicals found in foreign bodies and pathogens “called 

pathogen-associated molecular patterns, or PAMPs. The complement system is triggered when PAMPs 

are recognized by PRRs (Pattern Recognition Receptors), which include Toll-like receptors (TLRs), 
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mannose receptors, and nucleotide-binding oligomerization domain-like receptors expressed on innate 

immunity cells (Wills-Karp, 2007). Through three distinct pathways—the lectin, alternative, and classical 

pathways—C3 convertase activates central component C3 as a result of the complement system. The first 

stage in the traditional method is the immune complexes creation, which have been produced by antibodies 

known as IgG or IgM, which adhere to infections or other foreign substances. The steps involved in the 

development of the C3 convertase enzyme activate C3, which in turn causes the manufacture of C3b 

(opsonization molecule), C5b, C6b, C7, C8, and C9, and C3a, C4a, and C5a. The second mechanism that 

binds to foreign compounds and recognition by the PRRs triggers the lectin pathway by H-, M-, L-ficolin, 

or MBL. MBL-associated serine protease 1 (MASP1), MAP19, MASP3, MASP2, and these PRRs work 

together to perform their functions. As with the conventional process, pathogen contact with the MBL-

MASP complex triggers the hydrolysis of C2 and C4 along with the activation of C3 convertase. 

Conversely, pathogenic proteins, lipids, and carbohydrates activate the alternative pathway by binding to 

and being detected by receptors. This interaction causes C3 to be cleaved and interacts with the 

complement factors B & D, which in turn activates C3 convertase (Wagner & Frank, 2010). 

Robust inflammatory proteins, C3a, C4a, and C5a exhibit diverse actions on a range of cells, including 

chemoattractant, oxidative burst-inducing, generating pro-inflammatory cytokines, histamine release, and 

other activities. The way that G protein-coupled receptors (GPCRs), namely C3aR (the C3a receptor), 

C5aR (the C5a receptor), and C5L2 (the C5a receptor-like 2), are bound by C3a and C5a allows them to 

operate. Among the most numerous receptor families are GPCRs, which control extracellular signals 

related to a wide range of physiological processes. GPCR conformationally changes when it binds to 

complement, resulting in the displacement of GDP by GTP and the dissociation of the Gα subunit from 

the Gβγ. As a result, the signalling pathway proceeds downstream by facilitating interactions between 

numerous effector molecules and free subunits. (Pundir & Kulka, 2010). Numerous reactions, such as the 

migration of inflammatory cells and the inflammatory mediators production, are brought on by the binding 

of C5a and C3a to C5aR and C3aR, correspondingly. Phospholipase C (PLC)β as well as PLCγ are 

triggered when phosphoinositol-3-kinase (PI3K) is activated by C3a binding to the C3aR. This promotes 

the synthesis of diacylglycerol (DAG) as well as inositol triphosphate (IP3), which in turn triggers the 

activation of phosphokinase C (PKC) and cascade of calcium ions. Moreover, PI3K drives the MEK/ERK 

cascade, which increases the synthesis of many chemokines and inflammatory cytokines. MAPK stands 

for mitogen-activated protein kinase. PLCβ, phospholipase D (PLD), PI3K-γ, and downstream signaling 

are involved in C5aR-associated Gαi subunit signaling (Rabiet et al., 2007). Additionally, by postponing 

neutrophil death, C5aR lengthens the inflammatory response. This activity activates the transcription 

factor cAMP response element-binding protein, or CREB. (Perianayagam et al., 2004). Furthermore, C5a 

activates PAK, which is essential for the growth of many MAPK signalling pathways and the NF-κB 

consequent activation. Otherwise, C5a stimulates neutrophils, which sets off the ERK cascade and 

phosphorylates STAT3 (Kuroki & O’Flaherty, 1999). 

5.5.Eicosanoids 

When arachidonic acid or other PUFAs are oxidised, eicosanoids—bioactive signalling molecules 

having a localised effect—are also formed. This process results in thromboxane, prostaglandins, 

endocannabinoids, iso-eicosanoids, and leukotrienes (Khanapure et al., 2007). Because they are strong 

inhibitors of cyclooxygenase enzymes, eicosanoids play an essential part in regulating various 

physiological processes, particularly during the immune response. The fact that NSAIDs, or non-steroidal 

anti-inflammatory medicines, are frequently used to treat inflammatory illnesses serves as evidence of 

this. Phospholipase A2 (PLA2) is the first enzyme that is activated to initiate the formation of eicosanoid. 

Following its release from membrane phospholipids, LOX, COX, and cytochrome p450 enzymes break 

down arachidonic acid (AA) (D’Cruz, 2001). The two isoforms of cyclooxygenases that are most common 

are COX-1 & COX-2. There is proof that COX-2 contributes to inflammation. The products of COX's 

metabolism of arachidonic acid are thromboxane, prostacyclin, and prostaglandins. LOX exists in multiple 

forms, including 5-LOX, 12-LOX, and 15-LOX, and in 2 isoforms, 15-LOX 1 and 15-LOX 2. The huge 

collection of physiologically active moieties is produced at the time of the biosynthesis of AA and related 

compounds, and it serves as the starting point for numerous signalling domains within cells via their 
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corresponding receptors. The huge collection of physiologically active moieties is produced during the 

biosynthesis of AA and related compounds, and it serves as the starting point for numerous signalling 

domains within cells via their corresponding receptors (Khanapure et al., 2007). 

The manifestation of pain, heat, swelling, redness, inflammation, and function loss is caused by the 

combination of COX-induced signalling pathways. The breakdown of COX results in the production of 

prostaglandin H2 (PGH2). Following this PGH2's downstream conversion by several isomerases, 

prostanoids—also known as thromboxane A2 (TXA2)—are detected in the vascular system, central 

nervous system, smooth muscle, vascular endothelium, gastric mucosa, and platelets. (Dennis & Norris, 

2015). Pain associated with inflammation is brought on by prostaglandin E2 (PGE2) binding to GPCR 

receptors and activating EP receptors in neurons. When EP receptors link to leukocytes, it could raise the 

creation of IL-10 & decrease TNF, resulting in a net decrease in inflammatory signals. (Shinomiya et al., 

2001). PGE2 and thromboxane A2 predominate during inflammatory reactions. COX/PGE2 functions by 

way of the RasMAPK/ERK pathway. Furthermore, PGE2 has been demonstrated to stimulate the 

signalling pathways for EGFR, PI3/AKT, ERK, and cAMP/protein kinase A (Dennis & Norris, 2015). 

5.6.ROS AND RNS 

The molecules known as reactive oxygen species (ROS), which have been formed when partial 

reduction of oxygen takes place, are commonly seen in biological systems. Hypochlorous acid (HOCl), 

superoxide (O2 •-), diatomic oxygen (O2), peroxide ion (O2 2-), hydroxyl radical (•OH), and H2O2 are a 

few examples of ROS (Halliwell, 1991). Under typical circumstances, the formation of ROS is balanced 

out by antioxidant defence mechanisms such as glutathione peroxidase, superoxide dismutase, catalase, 

peroxiredoxins, and thioredoxin (Halliwell, 1996). However, when ROS formation exceeds the cell's 

capacity to function as an antioxidant, shear oxidative stress occurs, damaging lipids, proteins, and DNA. 

To modulate adaptive immune responses to inflammatory stimuli, oxidative stress is essential. One of the 

main roles of the enzyme family NADPH oxidase (NOX), which has seven isoforms, is to produce ROS 

in both phagocytic and non-phagocytic cells. The process of producing reactive oxygen species (ROS) 

involves several steps. Firstly, oxygen is reduced to superoxide in the presence of NADPH. Ultimately, 

superoxide is converted to hydrogen peroxide. According to some research, ROS formation during acute 

and chronic inflammation may primarily originate from members of the NOX family (Block & Gorin, 

2012). NOX is involved in both the production of ROS and the host's defence against various harmful 

stimuli (Knight et al., 2010). The NOX family member Duox2 has been shown to have significantly 

elevated expression in IBD patients. (Lipinski et al., 2009) Growth factors and cytokines are two examples 

of the many inflammatory mediators that control the production of NOX isoforms. INF-γ, STAT1, GATA, 

IRF1, and NF-κB are transcription factors that contribute to the upregulation of NOX family member 

expression. The NOX1-Rac1 pathway is activated at regions of DNA damage and inflammation when 

NOX expression is upregulated (Woolley et al., 2013). NOX-generated ROS also causes various 

additional kinases, as well as inactivate protein tyrosine phosphatases, increase “growth factor-mediated 

tyrosine autophosphorylation, and induce receptor tyrosine kinases. An additional clue to NOX-mediated 

DNA damage as well as senescence is the genomic instability of the Ras oncogene, which is triggered by 

ROS. The signalling processes and the types of impacts that ROS create, like activation & inhibition of 

gene expression, remain” largely unexplored despite a wealth of studies on the topic. As active players in 

the innate and immune systems, ROS and RNS can influence various stages of these reactions (Kodama 

et al., 2013). 

RNS, such as peroxynitrite, nitrogen dioxide, and other forms, are created when NO  interacts with 

other ROS. NO• is a cellular or intracellular signalling chemical that is produced by activating NO 

synthases. Two NOS isoforms found in neuronal cell types are nNOS and eNOS3, which are found in 

endothelial cell types, respectively. The activation of these enzymes is mostly dependent on intracellular 

Ca2+ rises. (Gaston et al., 1994). The inflammatory immune system's cells contain the third isoform, 

iNOS, which is mostly generated under inflammatory circumstances. (Alderton et al., 2001). By nitrating 

or oxidizing different cellular moieties, RNS can change the physiology of cells. One important 

mechanism of RNS-mediated protein regulation is tyrosine residue nitration, which may be harmful in 

inflammatory disorders. (Radi, 2004). 
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VI. NATURAL PRODUCTS MOLECULAR TARGETS IN INFLAMMATION 

 

6.1.Transcription Activators 

Proteins referred to as transcription activators, or factors, bind to certain DNA sequences to control 

the genetic information transcription from the “DNA to mRNA. Transcription factors are proteins that can 

work alone or in combination with other proteins to either promote or hinder the RNA polymerase 

recruitment to certain genes. The aberrant expression of these molecules could cause a variety of 

characteristics of cancer, involving raised proliferation, decreased apoptosis, inflammation, conversion of 

malignant, metastasis, invasion” of tissue, and angiogenesis. Over the last few decades, a great deal of 

transcription factors have been discovered, and many of them are connected to inflammatory and 

cancerous processes. (Aggarwal & Shishodia, 2006; Grivennikov et al., 2010). 

 

6.2.Nuclear Factor-Kappa B 

 

Nearly every type of mammalian cell contains a protein complex known as NF-κB. It is a crucial 

regulator of the way cells react to several stimuli since it belongs to the family of "rapid-acting" primary 

factors of transcription, which are factors of transcription present in dormant cells that could be activated 

without the need for new protein synthesis. It is known that several factors can activate NF-κB, including 

reactive oxygen species, inflammatory agents like TNFα and “IL-1β, bacterial endotoxins, chemical toxins 

and carcinogens, X-rays, and UV light. NF-κB complex activation happens when signal-induced 

degradation of IκB proteins takes place. This is primarily due to the activation of an IKK kinase. Following 

the IκB degradation, the NF-κB complex relocates from the cytoplasm to the nucleus, where it ultimately 

stimulates the transcription of the rising number of the target genes. Some of these genes are Bcl-XL & 

Bcl-2, which decrease apoptosis; COX-2, 5-LOX, iNOS, TNF-α, NADPH oxidase [NOX], and others”; 

c-myc, cyclin D1, and others; and VEGF, vascular endothelial growth factor, which promotes 

inflammation and angiogenesis (Singh & Aggarwal, 1995). 

 

6.3.Activator Protein-1 

 

Members of the DNA-binding protein families Fos and Jun make up the transcriptional regulator 

known as activator protein-1 (AP-1). Different stimuli, like as growth factors, cytokines, UV radiation, 

and bacterial and viral infections, can all affect how AP-1 controls the expression of certain genes. 

Increased innate immune response, cell transformation, proliferation, and inflammation are all associated 

with AP-1 activation. AP-1 appears to stimulate the proliferation of cells by inhibiting suppressor genes 

like p16, p53, and p21cip1/waf1 and increasing cyclin D1 (Eferl & Wagner, 2003). 

The following proinflammatory cytokines are regulated by AP-1/NFAT: TNFβ, TNFα, IFNγ, Fas 

ligand (FasL), granulocyte-macrophage colony-stimulating factor (GM-CSF), and CD40 ligand (CD40L). 

Consequently, the inflammatory process is greatly aided by AP-1 overexpression. (Zenz et al., 2008). 

 

6.4.Tumor Necrosis Factor 

 

TNF, which was first identified by Kolb & Granger in 1968, is a crucial inflammatory cytokine that is 

mostly formed by monocytes and activated macrophages (Kolb & Granger, 1968). TNF's main function 

is to control the many types of immune cells. Heat, edema, redness, discomfort, and function loss are the 

hallmarks of inflammation that arise from a localized increase in TNF in tissues. Many human disorders, 

like as cancer and inflammatory bowel disease, have been linked to TNF dysregulation. The primary 

mechanism by which TNF induces the expression of proinflammatory genes is through its capacity to 

activate NF-κB in many cell types. (Brynskov et al., 2002; Locksley et al., 2001). 
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6.5.Cyclooxygenase-2 

 

Arachidonic acid (AA) is converted by the enzyme cyclooxygenase (COX), also known as 

prostaglandin H synthase, producing the prostanoids prostaglandins, prostacyclin, and thromboxane. 

(Marnett & Kalgutkar, 1999). Increased cell division, inflammation, angiogenesis, and decreased 

apoptosis can all be consequences of excessive prostanoid synthesis. There are 2 primary isoforms of the 

COX: COX-1 & COX-2. The majority of normal tissues do not have COX-2, although the majority of 

mammalian cells do contain COX-1, an enzyme that is constitutively present. Activated macrophages and 

other cells in inflammatory areas are rich in COX-2, which is also triggered in tissues by proinflammatory 

cytokines like TNF, growth hormones, and a variety of toxins and carcinogens. Several transcription 

factors, involving NF-κB, AP-1, and STAT-3, can activate COX-2 transcription, depending on the inducer 

and type of cell. Furthermore, several studies have shown that combinations of naturally occurring 

substances can inhibit the expression of COX-2. (E. J. Kim et al., 2008; Subbaramaiah & Dannenberg, 

2003). 

 

6.6.Lipoxygenase 

 

The essential enzymes for converting AA into physiologically active leukotrienes are lipoxygenases 

(LOX). LOX comes in three different varieties: 5-LOX, 12-LOX, and 15-LOX. Numerous research points 

to a connection between 5-LOX and the emergence of cancer in both humans and animals. Since COX-2 

and 5-LOX, two of the AA-metabolizing enzymes, are frequently overexpressed in tumours, inhibiting 

both enzymes at the same time is thought to be a viable treatment strategy for inflammatory illnesses, 

including cancer. Dual 5-LOX/COX inhibitors and 5-LOX inhibitors are abundant in the plant kingdom. 

It's noteworthy that naturally occurring inhibitors of 5-LOX frequently work well to lower COX 

expression levels. A number of the more well-known inhibitors were identified, including β-sitosterol, 

silibinin, rosmarinic acid, luteolin, EGCG, ferulic acid, gingerol, and linoleic, oleic, and palmitic acids 

(Schneider & Bucar, 2005b). 

 

6.7.Inducible Nitric Oxide Synthase 

 

Lithium arginine is converted to nitric oxide (NO) by three enzymes belonging to the nitric oxide 

synthases family. Not only does NO play a crucial role in cellular signalling, but it is also a cytotoxic or 

innate immune response molecule. (Kröncke et al., 1998). The temporary (seconds to minutes) periods of 

NO production occur once “constitutively expressed endothelial NO synthase (eNOS) or neuronal NO 

synthase (nNOS) is activated. On the other hand, NO is produced for much longer periods (hours to days) 

by inducible NO synthase, or iNOS, which is only expressed during cell activity. The main inducers of 

interferon-α (iNOS) in various kinds of cells are lipopolysaccharides (LPS) and proinflammatory 

cytokines such as TNF-α, IL-1β, and IFN-γ. (Bogdan, 2001). Furthermore, iNOS expression is partially 

determined by activation of the NF-κB signalling pathway and the Janus kinase/signal transducer and 

activator of transcription (JAK-STAT) pathway. (Kleinert et al., 1998)”. 

 

By downregulating NF-κB, resveratrol was reported to suppress the production of iNOS in C6 glioma 

cells treated with beta-amyloid (Tsai et al., 1999). It has also been demonstrated that a variety of 

combinations of naturally occurring substances, typically in conjunction with COX-2, are efficient at 

downregulating the expression of iNOS. (O. K. Kim et al., 1998). 

 

6.8.Proinflammatory Cytokines 

 

Apart from the stroma that envelops cancer cells, the tumour microenvironment comprises both the 

adaptive and innate immune cells, involving T & B lymphocytes, as well as myeloid-derived suppressor 

cells, mast cells, neutrophils, macrophages, dendritic cells, and natural killer cells. These cells can 

communicate indirectly & directly through the formation of cytokines & chemokines that both autocrine 

and paracrine control the growth of tumours. The two immune cells that are most common in the tumour 

microenvironment are T lymphocytes and tumour-associated macrophages (TAMs). TAMs are crucial for 
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angiogenesis, invasion, and metastasis, and they promote tumour growth, making them one of the most 

important components of inflammation and cancer. (Condeelis & Pollard, 2006). 

TAMs can also be classified as M1 or M2 types, just like Th1 and Th2 T cells. TNF-α, IL-1β, IL-6, 

IL-12, and IL-23 are examples of proinflammatory cytokines that are significantly expressed by M1 

macrophages when they are activated by several stimuli, like LPS and IFNγ. IL-4, IL-10, and IL-13, on 

the other hand, stimulate M2 macrophages, resulting in an upregulation of IL-12 production and an 

upregulation of IL-10, an anti-inflammatory cytokine. M1 cytokines (TNF-α, IL-1β, IL-6, IL-12, or IL-

23) encourage the growth of tumors, whereas the M2 cytokine IL-10 suppresses tumor growth (W.-W. 

Lin & Karin, 2007). 

 

VII. TREATMENT OF INFLAMMATION BY NATURAL PRODUCTS 

 

7.1.Joint inflammation 

 

Joint inflammation manifests as joint pain, stiffness, swollen joints, and loss of joint functions. 

Rheumatoid arthritis (R.A.) is a complex immune system and system condition that causes chronic 

inflammation of the synovial joints, which can cause severe disability. According to reports, the primary 

healing symptom of R.A. is a painful inflammation of the cartilage and joints (Nemudzivhadi & Masoko, 

2014; Vaou et al., 2021). The effectiveness of medicinal plants in treating joint inflammation is determined 

by extraction techniques and phytochemical mechanisms of action (Murugananthan & Mohan, 2013). 

Studies conducted in vitro revealed that phytochemicals prevent the synthesis of leukotrienes by inhibiting 

LOX-5, NF-κB activation, and the production of pro-inflammatory cytokines that lead to joint damage 

and swelling (Dragos et al., 2017; Singh et al., 2020). It was shown that oxyacanthine and berberine, which 

were separated from the root extract of B. vulgaris, reduced chronic joint inflammation. Angiogenesis 

regulation was demonstrated by Sinomenine, the stem portion of S. acutum isolate. Flavone aglycones, 

alkaloids, gallic tannins, and saponins from the bark portion of F. sycomorus showed a decrease in skeletal 

muscular contraction. Several medicinal plants and their isolates have been studied in vitro to alleviate 

inflammation in the joints (Wambugu et al., 2011; Xia et al., 2020). 

 

7.2.Cardiovascular inflammation 

 

There have been reports of several medicinal plants having some verified anti-inflammatory properties 

linked to heart conditions. The phytochemicals flavonoids, terpenoids, saponins, and polysaccharides are 

the most effective and have been shown to have possible protective effects on the heart and blood vessels. 

Factors that enhance endothelial function, activate enzymes that play a major role in the development of 

atherosclerosis and boost transcriptional messengers are linked to cardiovascular inflammations (Maione 

et al., 2016; Shaito et al., 2020). It has been claimed that the phytochemical components found in the 

aqueous extract of G. biloba leaves, including quercetin, ferulic acid, allicin, ginsenosides, myricetin, and 

kaempferol, inhibit the angiotensin-converting enzyme and reduce the inflammatory effects on the 

cardiovascular system (Liperoti et al., 2017). The diterpene chinone found in S. miltiorrhiza's rhizome 

demonstrated the ability to regulate cardiovascular inflammation by preventing the activation of the NF-

κB and MAPK pathways (Z. Li et al., 2018). It has been observed that the essential oil components 

linalool, eugenol, and α-berga matone from O. basilium leaves may decrease the release of pro-

inflammatory cytokines (Arranz et al., 2015). 

 

7.3.Gastrointestinal inflammation  

 

Cellular fatigue may lead to inflammatory consequences in the gastrointestinal tract. It has been 

demonstrated that phytochemicals extracted from medicinal plants have anti-inflammatory properties, 

either directly or indirectly. For example, quercetin glycoside and polyphenols are the cause of the 

documented antibacterial activity, which indirectly lowers inflammation in the gastrointestinal tract 

(Bunte et al., 2019; Xu et al., 2020). It was observed that coumarins, polyphenols, and quercetin glycoside, 

which were separated from the root and leaf extracts of A. sylvestris and V. vinifera, respectively, inhibited 

the generation of inflammatory mediators called IL-8 (Sangiovanni et al., 2015; Vogl et al., 2013). 

Through lowering myeloperoxidase activity, 1,8-cineole's anti-inflammatory properties were shown to be 

effective in treating gastrointestinal inflammation (Sá et al., 2014). 
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7.4.Lung inflammation  

 

Lung inflammation symptoms and signals are linked to the release of many inflammatory mediators, 

including histamine, TNF, leukotrienes, nitric oxides, and interleukins (Santana et al., 2016). Some of the 

ways that phytochemicals work to treat lung inflammation include inhibiting heme-oxygenase, lowering 

pro-inflammatory cytokines, and reducing cyclooxygenase production(Perera et al., 2016). One possible 

source of medications to treat lung inflammation is natural compounds made from medicinal plants (Ram 

et al., 2011). Lung inflammation is inhibited by flavonoids and their derivatives (H. P. Kim et al., 2017). 

It has been observed that certain phytochemicals, including flavonoids, lactiflorin, iri doids, paeoniflorin, 

and albiflorin, may decrease the production of pro-inflammatory cytokines (Santana et al., 2016). 

 

7.5.Skin inflammation 

 

Numerous studies have demonstrated the ability of pure components and crude extracts of medicinal 

plants to cure various skin irritation problems. It has also been noted that essential oils extracted from 

therapeutic herbs are a significant source of anti-inflammatory compounds (Dawid-Pać, 2013). 

Prostaglandin and leukotriene synthesis were reported to be inhibited by α-Bisabolol, matricin, luteolin 

apigenin, and apigenin-7-glucoside, the primary chemical constituent of the aqueous extract of the flower 

section of M. recutita. Skin inflammation is caused by vascular endothelial growth factor (VGEF) and the 

chemokine interleukin-8 (IL-8), which are induced by TNF alpha-activating epidermal cells. One possible 

chemical component found in C. viticella and C. longa extracts is curcumin, which has been utilized to 

modulate human skin disruption and has been shown to reduce the release of NO and TNF α 

(Kırmızıbekmez et al., 2019; Wedler et al., 2014).  

 

7.6.Liver inflammation  

 

One of the most frequent causes of liver damage or dysfunction is inflammation illness. As studies on 

medicinal plants progress, it is evident that using extracts and pure chemicals to treat liver illnesses is very 

successful in blocking, inhibiting, or reducing the signal pathways that cause the liver's inflammatory 

factors (X. Li et al., 2019). Liver stress was significantly reduced by some flavonoids that were extracted 

from the aerial section of B. vulgaris using methanol (Asadi-Samani et al., 2015). It has been reported that 

a geniposide molecule that was extracted from G. jasminoides fruit inhibits liver fibrosis and suppresses 

CYP2E1 expression (Zhang et al., 2021). 

 

VIII. AI APPLICATIONS IN NATURAL PRODUCTS 

 

Advances in computational omics technology offer a wide range of uses in medication research, including 

the development of hidden natural product variants. Simultaneously, exciting developments in AI methods 

such as machine learning have been made in computational drug design, which makes it simpler to forecast 

biological action and develop novel medications for target molecular targets (Romano & Tatonetti, 2019). 

  

AI has affected computer-aided drug development. The growing use of machine learning, particularly 

deep learning models, in a variety of scientific fields as well as improvements in computer hardware and 

software further aid in this evolution. Early worries that pharmaceutical discoveries will supplant AI have 

improved medicinal chemistry (Jiménez-Luna et al., 2021). 

 

Naturally occurring chemicals made by bacteria, plants, animals, fungus, and other creatures are a rich 

resource for modern medicine development. Because of their structural diversity and biological 

significance, natural products are desirable beginning points for the creation of novel medications. In the 

process of developing drugs based on natural products, computational methods can be a useful supplement 

or prelude to in vitro testing (Chen et al., 2017). 

 

The pharmaceutical industry has made significant strides in machine learning algorithms, and various 

supervised and unsupervised learning techniques are applied at various phases of the drug discovery 

process. Clustering techniques have been utilized in de novo molecular design, protein target drug-ability 

prediction, and cell-type picture segmentation. Potential Huntington's disease targets were found using 

supervised learning approaches such as regressions and classifications. They postulated biological 
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activities and the properties of absorption, distribution, metabolism, excretion, and toxicity (ADME/Tox) 

for the purpose of drug creation and numerous other applications (Vamathevan et al., 2019). 

 

Natural product research, a reliable source of modern small molecule drug discovery, has progressively 

included machine learning and artificial intelligence (AI) computational approaches. For example, the NP 

chemical space was mapped and organic molecules were digitized primarily in the early 2000s using 

dimensionality reduction techniques (principal component analysis, self-organizing maps). The next 

decade saw the development of machine learning binary classifiers to predict their biological roles. The 

use of neural network topologies for genome mining and molecular design has recently increased (Ernst 

et al., 2015). 

 

Modeling and predicting the characteristics and bioactivities of nanoparticles (NPs) or any chemical 

structure requires converting them into computer-readable format or formats, or so-called molecular 

representations. Chemical information is often encoded with a specific purpose in most formats. Chemical 

compounds with similar names can be obtained by utilizing both their original IUPAC and generic names. 

Matching chemical structures with their bi-dimensional molecular graph descriptions was the 

computational effort. In order to facilitate effective structural searches or to lightweight maintain chemical 

information, early molecular representations were created. Three tools were developed: the SMILES 

arbitrary target specification (SMARTS, Daylight CIS, and OpenEye Scientific Software); the simplified 

input line entry system (SMILES); and the international chemical identifier (InChI) to store and retrieve 

molecular information and identify common molecular features or substructures from databases (Okibe 

& Samuel, 2024). 

 

Apart from fingerprints, which are commonly used by chemo informaticians, computational chemists 

would compute hundreds of features or variables, called molecular descriptors, using well-defined 

procedures employing molecular representations. Certain easily understood molecular characteristics 

(such atomic properties, size, shape, flexibility, polarity, lipophilicity, and pharmacophore) are captured 

by these descriptors. A crucial element in the development of predictive QSA/PR modeling has been 

molecular descriptors. Their ability to characterize the distributions of synthesized compounds and 

nanoparticles has proven invaluable in low-dimensional depictions of chemical space. One area in which 

machine learning is applied in drug discovery is the bioactivity of natural substances. Machine-learning 

algorithms can be trained using datasets that comprise chemical structures and the biological activities 

that correspond to them. Because these models can predict the potential bioactivity of new compounds, 

drug research can thus move more swiftly forward. Support Vector Machines (SVM) and Random Forest 

are two examples of supervised learning algorithms that have been used to predict the bioactivity of 

compounds made from natural materials (Dhudum et al., 2024). 

 

The bioactivity of natural substances has been predicted using deep language models. These models are 

very useful for complicated tasks like bioactivity prediction because they can automatically learn feature 

representations from raw data. Deep language has proven its ability to improve drug development 

processes by outperforming conventional machine learning techniques in a number of studies (Chen & 

Kirchmair, 2020). 

 

Moreover, natural language processing methods can be used to mine literature for data regarding the 

bioactivity of natural substances. NLP algorithms can find chemicals with documented bioactivity by 

processing and analysing published research articles. They can then compile this data into structured 

databases. Researchers might find intriguing natural chemicals for additional study with the help of this 

automated knowledge extraction (Shultz, 2018). 

 

ML can also help identify potential protein targets for chemical compounds. This is accomplished by 

analyzing the interactions between proteins and microscopic molecules using algorithms. It is feasible to 

predict which proteins a particular medicine will most likely interact with when machine learning is 

combined with methods such as docking simulations. DL has also been used to address the problem of 

identifying protein targets. Advanced techniques like graph neural networks (GNNs) can represent the 

interactions between chemicals and proteins more accurately than traditional methods. Finding protein 

targets can be aided by NLP's ability to extract relevant information from scientific publications. Named 

entity recognition (NER) technologies can identify references to proteins, genes, and chemicals in the 
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literature, whereas relation extraction approaches can show the connections between these things (Zhao 

et al., 2022). 

 

IX. CONCLUSION 

 

The exploration of plant-derived anti-inflammatory agents has unveiled a diverse range of bioactive 

molecules capable of modulating key inflammatory pathways. Phytoconstituents such as flavonoids, 

alkaloids, phenolic compounds, and cannabinoids demonstrate significant potential in targeting 

transcription factors, cytokines, and eicosanoids, reinforcing their therapeutic value. Understanding the 

classification and mechanisms of NSAIDs further aids in developing plant-based alternatives with 

improved safety and efficacy. Future research should focus on identifying novel phytochemicals, 

elucidating their precise molecular mechanisms, and optimizing drug formulations through computational 

approaches and artificial intelligence. Additionally, clinical trials are essential to validate their therapeutic 

effectiveness in chronic inflammatory diseases. By fostering interdisciplinary collaboration and 

integrating traditional botanical knowledge with cutting-edge scientific advancements, the potential of 

nature’s pharmacy can be fully realized in addressing inflammation and its associated disorders. 
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