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Abstract
This study presents a critical, mechanistic, and bibliometric analysis of plant-derived bioactive compounds for the treatment of 
inflammation. From a molecular phytopharmacological perspective, this review critically examines the anti-inflammatory potential 
of key phytochemical classes, including polyphenols, alkaloids, glycosides, tannins, and essential oils, highlighting their ability to 
modulate cytokines and signalling pathways such as NF-κB, MAPK, and COX/LOX. Using the Scopus database (2020–2024); 
17,129 publications were evaluated to identify global research trends, co-authorship networks, and journal participation. China and 
India demonstrated the highest research output, while Portugal, Turkey, and Italy showed notable international collaboration and 
influence. A preference for open-access publishing was also observed, enhancing visibility and citation impact. Integrating 
bibliometric and mechanistic insights, the analysis underscores a growing shift toward evidence-based and integrative approaches in 
phytochemical research. Overall, plant bioactives represent a promising, multi-targeted strategy for developing safer anti-
inflammatory therapeutics.  
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1. INTRODUCTION

According to the World Health Organization, 

inflammation is a complex biological response of 

the immune system to infectious agents, damaged 

cells, or pollutants. It is a natural defensive 

mechanism that can assist the body in getting rid of 

dangerous substances, repairing damaged tissue, 

and starting the healing process. Infections, 

wounds, exposure to toxins etc. can cause 

inflammation [1].  Key chemical mediators of 

inflammation include cytokines such as tumor 

necrosis factor-α (TNF-α), interleukins (IL; mainly 

including IL-1β, IL-6, IL-1), prostaglandins (PGs), 

histamine, and nitric oxide (NO) [2]. There are two 

types of inflammation: acute and chronic. Acute 

inflammation is localized and short-lived, but 

chronic inflammation is broad and long-lasting. 

Acute inflammation is beneficial, while chronic 

 
inflammation is linked to several disease 

pathologies, including cancer, cardiovascular 

disorders, and arthritis [3].  

Bioactive substances naturally present in plants, 

known as phytochemicals, play a key role in 

regulating inflammatory pathways. Phytochemicals 

are classified into various categories, including 

phenolic, flavonoid, alkaloid, glycoside, and tannin 

[4]. These compounds have anti-inflammatory 

activities by inhibiting proinflammatory cytokines, 

downregulating nuclear factor kappa β activation 

(NF-κB), suppressing key inflammatory enzymes 

such as cyclooxygenase (COX), lipoxygenase 

(LOX), and inducible nitric oxide synthase (iNOS), 

and modulating intracellular signalling pathways 

such as mitogen-activated protein kinases (MAPK) 

[5] and Janus kinase/signal transducers and 

activators of transcription (JAK/STAT) [6]. The 

development of novel anti-inflammatory drugs is 

drawn to phytochemicals because of their great 

diversity and relative safety. Numerous 

experimental studies have shown that diets enriched 

with plant-based foods are linked to a lower risk of 

developing chronic inflammatory illnesses. 

Additionally, phytochemicals have multi-targeted 

actions and synergistic effects when used in 

combination, which increases their therapeutic 

activity. Some have advanced to clinical trials, 

where they have demonstrated favorable results in 

inflammatory disorders while presenting fewer side 
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effects than standard therapies [7].  

Several review articles have been published 

highlighting the role of various classes of bioactives 

and medicinal plants in combating inflammation. 

Such review articles have basically focused on the 

pre-clinical findings associated with plant extracts, 

enriched fractions, and isolated pure bioactives. 

With the growing popularity of plant-based 

products, the mechanism must be well elucidated 

for such plant-based entities. In this regard, this 

article is the first of its kind where an elaborate, 

vivid description of the mechanistic pathways 

involved and the possible intervening points are 

presented on one roof. This article also presents a 

comprehensive package on the work done so far 

(2020–2024) in combating inflammation using 

plant-based bioactives, including plant extracts. 

This comprehensive package has been divided into 

two parts. In the first part, a vivid cellular 

mechanism has been presented for a deeper 

understanding of the complex cascadic pathways 

involved in inflammation and the possible 

interventions in which various classes of bioactives 

can provide. The second part presents a research 

landscape through bibliometric analysis to unveil 

the current research landscape in terms of 

identifying active research groups, countries, and 

journals involved. Such strategic identification shall 

help young and less experienced researchers to 

adopt a proactive approach in their research and 

look to strengthen their research linkages and 

networking. 

  

2. DATA MINING  

 

The Scopus database was searched using the 

parameters shown in Figure 1 to extract the data 

required for analyzing research trends on the anti-

inflammatory effect of medicinal plant extracts. 

Five years, from 2020 to 2024, were chosen for data 

collection. As compared to other scientific 

databases, Scopus data mining has several benefits, 

as the authors have demonstrated in their earlier 

works. All crude data were extracted from Scopus 

using the keywords “anti-inflammatory” to generate 

the master data pool regarding all published works 

on anti-inflammatory activity (n=130,251). Scopus 

search returned 13,0251 publication records for 

“anti-inflammatory,” out of which 27,956 

publications related to medicinal plant extract. 

Among 27,956 publications; 17,129 publications 

comprised research papers (in English language) 

that were considered for this review.  

 

3. PUBLICATION TREND  

 

The trend in the quantity of papers published 

between 2020 and 2024 indicates a continuous 

increase, indicating that interest in publishing and 

conducting research related to anti-inflammatory 

activity of phytochemicals have grown over time 

(Figure 2). The number of articles increased from 

 

 

 
Figure 1. Details of data mining from the Scopus database (2020–2024).  
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52% in 2020 to 2024. This noteworthy increase 

suggests that research output or publication activity 

has increased significantly. Over the past years, the 

application of phytochemicals for controlling 

inflammation has attracted significant scientific 

attention. The number of publications specifically 

about medicinal plants is generally increasing 

because it is believed that phytochemicals have 

lower toxicity profiles and fewer adverse 

consequences. From 3,520 articles in 2023 to 4,257 

in 2024, there is a notable increase, indicating that 

research on medicinal plants is getting increased 

attention because with the rising incidence of 

chronic diseases linked to inflammation, including 

cardiovascular diseases, diabetes, cancer, and 

neurodegeneration, researchers are turning to plant-

based bioactives and other alternative therapeutic 

approaches.  

 

4. MEDIATORS OF INFLAMMATION 

 

A variety of chemical mediators initiate, control, 

and eliminate the inflammatory response. During 

inflammation, immune cells, endothelial cells, and 

injured tissues release it. Below is a brief overview 

of the major types of inflammatory mediators. 

  

4.1. Eicosanoid 

Eicosanoids are active mediators of 

inflammation, produced from arachidonic acid, a 

key component of membrane phospholipids in all 

cells. They are synthesized in response to immune 

activation or cell damage, have a short half-life, and 

act locally at the site of injury. Two major 

enzymatic pathways, COX and LOX, catalyze the 

conversion of arachidonic acid into distinct lipid 

mediators. While COX-derived PGs and 

thromboxanes are primarily involved in 

vasodilation, vascular permeability, and pain 

induction, LOX-derived leukotrienes (LTs) mainly 

mediate leukocyte recruitment and 

bronchoconstriction, showing a more pronounced 

role in allergic and asthmatic responses. While 

multiple studies have established the pivotal role of 

COX and LOX pathways in inflammation, there 

remains a degree of inconsistency and evolving 

interpretation regarding the precise contributions of 

specific eicosanoids. The COX enzyme exists in 

two isoforms: COX-1 and COX-2. The COX-2-

derived PGs are the dominant mediators of 

inflammatory pain and swelling, whereas COX-1 is 

largely protective [8].  

 Among different PGs (PGG2, PGH2, PGI2, 

PGD2, PGE2), the pro-inflammatory role of PGE2 

is via upregulation of IL-1β and suppression of 

macrophage phagocytic activity. In contrast, 

evidence suggests that PGE2 can also exert anti-

inflammatory or immunomodulatory effects, 

particularly in the resolution phase, by inhibiting 

excessive neutrophil infiltration and promoting 

tissue repair [9]. These dual effects of PGE2 reveal 

a complicated dynamic regulation. The findings 

also showed that 15d-PGJ2 suppresses iNOS and 

TNF-α expression, adding an important dimension 

to this discussion. The anti-inflammatory nature of 

15d-PGJ2 contrasts with the pro-inflammatory roles 

of other PGs, implying that COX-derived mediators 

may transition from promoting to resolving 

 

  

Figure 2. Total number of publications on anti-inflammatory studies of medicinal plant extract during 2020 

to 2024.  

 

 
 



Bioactivities 

99 

inflammation as the tissue microenvironment 

changes. However, the physiological relevance of 

15d-PGJ2 is still under discussion [10]. In the case 

of leukotrienes, [11] emphasized that elevated LTB4 

levels correlate with chronic inflammatory disorders 

such as arthritis and diabetes. Nonetheless, some 

studies propose that LTB4 may also participate in 

host defense mechanisms, particularly in early 

bacterial clearance. During infection, LTB4 

modulation seems to determine its pathogenic 

versus protective balance. Moreover, emerging data 

suggest cross-talk between COX and LOX 

pathways, where PGE2 can inhibit 5-LOX activity, 

further complicating the understanding of their 

independent versus cooperative roles. Overall, while 

both COX and LOX pathways are essential for 

initiating inflammation, their mediators differ in 

timing, target cells, and long-term impact. A critical 

balance between these pathways is vital. COX 

products can both promote and resolve 

inflammation, whereas LOX products primarily 

amplify and sustain inflammatory responses. 

 

4.2. Cytokine and Chemokine 

Proinflammatory cytokines such as TNF-α and 

ILs are widely recognized as mediators of 

inflammation and pathological pain [2]. Emerging 

evidence suggests that their roles are more 

complex. For instance, IL-1β is a well-established 

pro-inflammatory cytokine released by monocytes, 

macrophages, fibroblasts, and endothelial cells 

during infection or injury. However, studies differ 

regarding its extent of involvement in chronic pain, 

some reporting a direct role in nociceptor 

sensitization, while others suggest it primarily acts 

upstream by modulating glial activation. Similarly, 

IL-6 has been shown to play a central role in the 

neuronal response to nerve injury and is crucial in 

the development of neuropathic pain following 

peripheral nerve damage. Nevertheless, its role 

remains controversial, while most studies highlight 

its pro-inflammatory and pronociceptive functions, 

recent findings propose that IL-6 can also exhibit 

neuroprotective or anti-inflammatory properties by 

promoting neuronal survival and tissue repair under 

specific conditions [12]. This duality underscores 

the need to reinterpret IL-6 not merely as a 

pathogenic mediator but as a context-sensitive 

cytokine influencing both damage and recovery 

phases of inflammation. While TNF-α is widely 

recognized for promoting leukocyte adhesion and 

migration by upregulating adhesion molecules and 

chemokines [13], discrepancies exist regarding its 

temporal influence. Some experimental data 

 

 

 
Figure 3. Inflammatory cells triggering inflammatory markers for initiating an inflammatory response.  
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indicate that early TNF-α signaling is necessary for 

effective pathogen clearance and tissue repair, 

whereas sustained overproduction leads to chronic 

inflammation and neuropathic pain. This time-

dependent dichotomy reflects a broader challenge in 

targeting TNF-α therapeutically, as its inhibition 

may relieve pain but also impair host defense. 

Chemokines, such as monocyte chemoattractant 

protein-1 (MCP-1) and IL-8, are well-established in 

directing immune cell chemotaxis [14]; however, 

recent work has revealed that certain chemokines 

also participate in inflammation resolution by 

recruiting regulatory T cells and facilitating 

immune cell clearance. These findings challenge 

the long-held notion of chemokines as purely pro-

inflammatory molecules, suggesting instead that 

they act as dynamic regulators of both initiation and 

resolution phases of inflammation. Collectively, 

these studies reveal a growing consensus that 

cytokines and chemokines act not as unidirectional 

pro-inflammatory agents but as modulators with 

diverse functions.  

 

4.3. Nitric oxide (NO) 

As one of key signaling molecules, NO regulates 

vascular tone and inflammatory responses [15]. Its 

exact role in inflammation remains controversial. 

While NO derived from endothelial (eNOS) and 

neuronal (nNOS) sources exerts cytoprotective and 

anti-inflammatory effects, inducible nitric oxide 

synthase (iNOS) derived NO often contributes to 

tissue injury and chronic inflammation. Some 

studies suggest that low basal levels of NO from 

eNOS promote vasodilation and inhibit leukocyte 

adhesion, thereby limiting inflammatory 

progression. Conversely, excessive NO production 

from iNOS has been implicated in the amplification 

of oxidative stress and tissue cytotoxicity, 

particularly during chronic inflammatory diseases. 

A particularly intriguing aspect is also reported 

cross-regulation between iNOS and COX-2. While 

earlier research established that iNOS upregulation 

 

 

Figure 4. Pictorial representation of different signalling pathways as possible intercepting points by 

different classes of plant-based bioactives. The shown chemical structures are for gallic acid, indole, 

andrographolide, tannic acid and eugenol representing polyphenol, alkaloid, glycoside, tannin, and essential 

oil, respectively.  
Abbreviation: MAPK: mitogen-activated protein kinase, NF-κβ: nuclear factor kappa B, iNOS: inducible nitric oxide syanthase, ROS: reactive 

oxygen species, PL3K/AKT: Phosphoinositide 3-kinase / Protein Kinase B, JAK/STAT: Janus kinase/signal transducer and activator of 

transcription, COX: cyclooxygenase. LOX: lipoxygenase, PGs: prostaglandins, LTs: leukotrienes, TNF-α: Tumor necrosis factor α, IL-6: interleukin 

6, IL-β: interleukin β, TLRs: toll-like receptors, NLRP3: NOD-like receptor protein 3, p38/ERK/JNK: p38 mitogen-activated protein kinase/

extracellular signal-regulated kinase/ c-Jun N-terminal kinase, TLR4: toll-like receptor 4, MyD88: myeloid differentiation factor 88, COX2: 

cyclooxygenase 2.  
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enhances COX-2 activity and PGE2 synthesis, 

thereby exacerbating inflammatory damage [16]. 

More recent studies indicate that COX-derived PGs 

can reciprocally modulate NO synthesis, suggesting 

a bidirectional feedback loop. This finding 

introduces novelty to the understanding of 

inflammatory signaling, implying that NO and PGs 

act in a dynamic manner rather than as independent 

mediators. Thus, the apparent contradictions in 

NO’s inflammatory role reflect its chemical 

versatility and the complexity of its interactions 

with other mediators, such as COX-2. 

 

4.4. Nuclear Factor-κβ (NF-κB) 

NF-κB   is a family of inducible transcription 

factors that regulate a wide range of genes involved 

in immune and inflammatory responses [17]. The 

NF-κB pathway responds to diverse stimuli, 

including ligands from cytokine receptors, the 

tumor necrosis factor receptor superfamily, pattern-

recognition receptors, and antigen receptors on T- 

and B-cells. Traditionally, NF-κB has been viewed 

as a pro-inflammatory transcription factor because 

of its role in inducing cytokines, chemokines, and 

adhesion molecules that promote inflammation. 

However, growing evidence suggests that NF-κB 

exhibits a dual and context-dependent role, 

functioning not only as a promoter of inflammation 

but also as a regulator of immune homeostasis, 

tissue repair, and cell survival under certain 

physiological conditions. Studies supporting its 

pathogenic role emphasize that persistent or 

dysregulated NF-κB activation contributes to 

chronic inflammatory and autoimmune diseases, as 

well as to tumor progression [18]. Still, contrasting 

research indicates that transient NF-κB activation 

can protect cells from apoptosis and aid in recovery 

from acute inflammation, underscoring the 

importance of activation timing and intensity. 

Recent discoveries have also revealed that NF-κB 

does not act in isolation but interacts closely with 

pathways such as MAPK, JAK-STAT, and PI3K-

 

 

Figure 5. An illustrative mechanism of phytochemicals exhibiting anti-inflammatory activity through 

activating and deactivating different signalling pathways. 

“Trishul – a divine mythological weapon, as per Indian belief”. Abbreviation: TLR4: toll-like receptor 4, MAPK: mitogen-activated protein kinase, 

p38/ERK/JNK: p38 mitogen-activated protein kinase/extracellular signal-regulated kinase/ c-Jun N-terminal kinase, NF-κβ: nuclear factor kappa B, 

IκB: Inhibitory kappa B, NO: nitric oxide, iNOS: inducible nitric oxide synthase, ROS: reactive oxygen species, COX2: cyclooxygenase2. LOX: 

lipoxygenase, TNF-α: Tumor necrosis factor α, IL-6: interleukin 6, IL-1β: interleukin 1β, NLRP3: NOD-like receptor protein 3.  
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Table 1. Selected potential compounds and their target pathways involved in anti-inflammatory activity. 

 
Phytochemical Structure Intercepted/Modulated Pathway or Target 

 Andrographolide 

 

 NF-κB, JAK/STAT, MAPK 

 Anethole 

 

TNF-α, IL-1β, IL-17 

 Apigenin 

 

NF-κB, STAT1, MAPK 

 Baicalin 

 

NF-κB, Nrf2, MAPK 

 Berberine 

 

NF-κB, AMPK, MAPK, 5-LOX, PGE₂ 

Boswellic acid 

 

5-LOX, NF-κB 

 β-caryophyllene 

 

PI3K/Akt / MAPK 

 Carnosic acid 

 

NF-κB, Nrf2/HO-1 

 Curcumin 

 

NF-κB, COX-2, iNOS, MAPK 

Emodin 

 

NF-κB, TLR4/MyD88, NLRP3 

 Epigallocatechin 

 

NF-κB, JAK/STAT, Nrf2/HO-1 

 Eugenol 

 

NF-κB, COX-2, NLRP3 

 Ferulic acid 

 

5-LOX, PGE₂ 
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Table 1. Cont. 

 
Phytochemical Structure Intercepted/Modulated Pathway or Target 

 Genistein 

 

NF-κB, JAK/STAT, MAPK 

 Ginsenoside 

 

NF-κB, Nrf2/Keap1 

 Gingerol 

 

NF-κB, COX-2, LOX, NLRP3 

Glycyrrhizin 

 

NF-κB, TLR4 

 Hesperidin 

 

NF-κB, Nrf2/HO-1, MAPK 

Kaempferol 

 

NF-κB, MAPKs (p38/ERK/JNK) 

 Luteolin 

 

NF-κB, PI3K/Akt, Nrf2 

 α-Mangostin 

 

NF-κB, MAPK, SIRT1, COX-2/iNOS 

Myricetin 

 

NLRP3, NF-κB, STAT1 

Myristicin 

 

NO, IL-6 

Naringin 

 

NF-κB, TLR4, MAPK, JAK/STAT 

Paeonol 

 

NF-κB, MAPK, PI3K/Akt, NLRP3 

Quercetin 

 

NF-κB, MAPK, NLRP3 
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Akt, forming an intricate network that determines 

whether the outcome is pro-inflammatory or anti-

apoptotic. Overall, NF-κB remains central to the 

inflammatory process, its precise role appears to 

depend on cellular context, activation duration, and 

molecular interactions, making it both a promising 

and challenging target for anti-inflammatory 

therapy. 

 

5. INFLAMMATORY CELL   

 

The body uses a variety of cell receptors to 

identify various foreign substances, including 

bacteria, viruses, parasites, chemicals, and antigenic 

compounds. Once identified, several pro-

inflammatory pathways are activated, resulting in 

the release of cytokines and the activation of 

immune cells, such as lymphocytes and 

macrophages, which are responsible for the removal 

of foreign objects. if the body doesn't get rid of 

these foreign substances in the early stage, 

inflammation worsens, which is also known as the 

chronic phase, caused by the overproduction of 

cytokines, chemokines, and inflammatory enzymes. 

The inflammation initiated a series of immune cells, 

such as macrophages, mast cells, dendritic cells, 

vascular endothelial cells, neutrophils, monocytes, 

and T cells. These cells trigger several 

inflammatory mediators, which are depicted in 

Figure 3.  

 

5.1. Monocyte 

The initiation and development of inflammation 

depend on the recruitment of monocytes and their 

subsequent differentiation into macrophages [19]. 

From the blood, migration of monocytes into 

different tissues can develop into macrophages. 

They differentiate into either macrophages 

(essential role in phagocytosis and inflammation) or 

dendritic cells (involved in antigen presentation and 

triggering adaptive immunity). Additionally, they 

contribute to tissue cleansing by engulfing 

infections and dead cells. Monocytes can either 

stimulate pro-inflammatory or anti-inflammatory 

responses, depending on the signals they receive. 

They promote the additional immune cells to the 

site and worsen the inflammatory response through 

the production of cytokines, including TNF-α, IL-1, 

and IL-6 [20].  

 

5.2. Macrophage 

Macrophages are tissue-derived phagocytes and 

are produced from either circulating monocytes or 

embryonic progenitors. All organs and connective 

 

 

Table 1. Cont. 

 
Phytochemical Structure Intercepted/Modulated Pathway or Target 

Resveratrol 

 

NF-κB, SIRT1, AP-1, STAT3 

Thymoquinone 

 

NF-κB, MAPKs (ERK/JNK/p38), COX-2, iNOS 

 Ursolic acid 

 

NF-κB, TLR4/MyD88; NLRP3, PI3K-AKT 

Withaferin A 

 

NF-κB, Akt/ERK, TLR4, iNOS/COX‐2 

NF-κB: Nuclear factor kappa B, JAK/STAT: Janus kinase-signal transducer and activator of transcription, MAPK: Mitogen-activated protein 
kinase, TNF-α: Tumor necrosis factor-alpha, IL-1β: Interleukin-1 beta, IL-17: Interleukin-17, STAT1: Signal Transducer and Activator of 
Transcription 1, Nrf2: Nuclear factor erythroid 2-related factor 2, AMPK: AMP-activated protein kinase, 5-LOX: 5-lipoxygenase, PGE₂: 
Prostaglandin E₂, PI3K/Akt: phosphatidylinositol 3-kinase/Protein Kinase B (PKB), HO-1: Heme-oxygenase 1, COX-2: cyclooxygenase 2, iNOS: 
Inducible Nitric Oxide Synthase, TLR4/MyD88:  Toll-like Receptor 4/Myeloid differentiation primary response 88, NLRP3: NOD-like receptor 
pyrin domain containing 3, Keap1: Kelch-like ECH-associated protein 1, p38/ERK/JNK: p38/Extracellular signal-regulated kinase/c-Jun N-terminal 
kinase, NO: Nitric oxide, IL-6: Interleukin-6, AP-1: Activator Protein-1.  
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tissues contain macrophages, which are termed 

according to their location. For example, the central 

nervous system has microglial cells, the liver 

contains kupffer cells, the lung comprises alveolar 

macrophages, and the bone consists of osteoclasts. 

Macrophage plays a vital role in the initiation, 

regulation, and elimination of inflammation [21]. 

Toll-like receptors and NOD-like receptors are two 

examples of pattern recognition receptors found in 

macrophages. These receptors help macrophages 

identify damage-associated molecular patterns 

generated by damaged cells or pathogen-associated 

molecular patterns found on microorganisms. To 

regulate immunological or inflammatory responses, 

activated macrophages release pro-inflammatory 

cytokines such as IL-1, IL-6, TNF-α, interferon-α/ß, 

IL-10, IL-12, and IL-18. These cytokines stimulate 

the production of adhesion molecules on endothelial 

cells, which facilitates leukocyte recruitment and 

immune cell entrance. Macrophages also generate 

chemokines like monocyte chemoattractant protein 

1 and IL-8, which regulate neutrophils and 

monocytes toward the site of inflammation by 

forming a chemotactic gradient [22]. 

 

5.3. Neutrophil 

Neutrophil plays a key role in phagocytosis, 

engulfing or digesting pathogens. Sometimes, they 

form neutrophil extracellular traps to trap or kill 

microbes. Neutrophil extracellular cells are 

essential for controlling inflammation and 

maintaining tissue homeostasis. During the 

inflammatory process, neutrophils exhibit a variety 

of functions, including generating reactive oxygen 

species and secreting proteases, chemokines, and 

cytokines, which recruit and activate other immune 

cells [23]. After performing their function, 

neutrophils usually go through apoptosis, or 

programmed cell death, and macrophages remove 

them. When it is not working properly due to 

excessive activity, it can lead to chronic 

inflammation and tissue damage [24].  

 

5.4. Mast Cell 

Mast cells are another important inflammatory 

initiator, particularly in parasite infections, allergic 

inflammation, and some autoimmune diseases [25]. 

They produced histamine, heparin, protease, 

chymase, etc. Rapid degranulation and histamine 

release from these cells cause vasodilation and 

increase local vascular permeability, which permits 

leukocytes and plasma proteins to enter the tissue. 

Additionally, mast cells generate other chemicals 

such as PGs, LTs, and cytokines that promote and 

increase the inflammatory response [26]. Mast cells 

secrete proteases, which may interact with plasma 

 

 

Figure 6. Collaboration network of countries.  
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albumin to produce histamine-releasing peptides, 

which in turn may promote inflammation and mast 

cell activation. The inflammatory processes are 

facilitated by mast cell-derived histamine, TNF-α, 

and IL-6, whereas the control of inflammation is 

mediated by IL-10. Activated mast cells release a 

variety of pro-inflammatory chemicals and contain 

nine different types of toll-like receptors [27]. For 

example, it has been demonstrated that toll-like 

receptor 2 activation causes TNF, IL-6, IL-13, IL-4, 

and IL-5 to be secreted, whereas toll-like receptor 4 

activation causes TNF, IL-6, IL-13, and IL-1β to be 

expressed. 

 

5.5.  Dendritic Cell 

Dendritic cells are essential for immunological 

defense because they are the primary mediator 

between innate and adaptive immunity. They also 

have pattern recognition receptors, just like 

macrophages, and react to tissue injury as well as 

microbial infection. In their activated state, they 

start releasing inflammatory cytokines, including IL

-12 and TNF-α. They connect innate and adaptive 

immunity by linking to neighbouring lymph nodes 

in their active state and presenting antigens to 

native T cells [28]. 

 

5.6. T Cell 

It has been shown that T cells act in two forms 

such as CD4+ T cells stimulate B cells to make 

virus-specific antibodies, whereas CD8+ T cells can 

destroy virus-infected cells and release interferon-γ 

and TNF-α [29]. When inflammation occurs, T cells 

get activated and, depending on the cytokines 

released around the inflammatory loci, develop into 

different T-cell subsets, such as T-helper 1, 2, 17, 

and regulatory T cells. In response to infections, T-

helper cells generally produce a range of pro-

inflammatory cytokines and chemokines by 

triggering NF-κB signalling, which attracts 

leukocytes and lymphocytes to the site of 

inflammation. All of these immune cells then 

express and secrete more chemokines and 

cytokines, increasing the inflammatory process 

[30].  

 

5.7. Endothelial Cell 

A significant role for vascular endothelial cells 

in the inflammatory process is well established. 

They serve as a barrier and control the movement of 

immune cells, blood flow in the healthy state. When 

there is inflammation, immune cells like mast cells 

or macrophages release cytokines (such as TNF-α 

and IL-1) that trigger the activation of endothelial 

cells [31]. In the activated state, adhesion 

molecules, such as intercellular adhesion molecule 

1, vascular cell adhesion molecule 1, selectins, and 

chemokines (monocyte chemoattractant protein 1) 

are expressed on the surface of endothelial cells. 

Additionally, endothelial cells generate PGs and 

NO, which affect blood artery permeability and 

vascular tone and promote redness, swelling, and 

inflammation. In chronic inflammation, endothelial 

 

 

Table 2. Ranking of the top 10 countries based on the number of publications, and also indicating their 

collaborative link strength.  

 
Country Documents Citation Total Link Strength 

China 3,724 50,420 1,168 

India 2,607 23,443 1,247 

South korea 1,354 14,661 580 

Egypt 1,354 14,661 580 

Saudi arabia 1,300 16,103 2,229 

United states 802 11,512 1,092 

Pakistan 703 8,095 619 

Italy 642 9,731 619 

Germany 307 4,132 493 

Malaysia 437 4,256 479 
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cells may be involved in vascular dysfunction, clot 

formation, or tissue damage [32]. 

 

6. PHYTOCHEMICALS REGULATE 

PATHWAYS INVOLVED IN ANTI-

INFLAMMATORY RESPONSE   

 

When the inflammatory response is induced, 

arachidonic acid is released from the cell membrane 

by cytosolic phospholipase A2.  Arachidonic acid is 

a polyunsaturated fatty acid that is metabolised to 

PG and thromboxane by COX and LOX pathways 

in different cells. The PGs, especially PGE2, 

amplify the pain mechanism and enhance vascular 

permeability, whereas the LTs contract the smooth 

muscles of blood vessels, enhance vascular 

permeability, and mediate proinflammatory and 

allergic responses. Phytochemicals inhibit the 

expression of the COX2 and LOX pathways, 

showing anti-inflammatory activity. Several cellular 

signalling cascades are involved in the anti-

inflammatory activity of phytochemicals (Figure 4). 

These include Toll-like receptor 4, the mitogen-

activated protein kinase (MAPK) pathway, and NF-

κB, which lead to the subsequent increase of target 

genes related to inflammation. MAPK plays a key 

role in regulating gene transcription and 

transcription factor activities involved in 

inflammation. The different groups of MAPKs are 

extracellular signal-related kinases, like 

(extracellular signal-related kinases (ERK))-1/2, c-

Jun amino-terminal kinases (JNK1/2/3), p38-MAP 

kinase (α, β, δ, and γ). MAPK signalling is 

activated by stress and mitogens. For instance, 

stress stimulates the JNK and p38 cascades, 

whereas mitogens and growth factors activate the 

ERK1/2 pathway. The complex structure of the 

MAPK pathway interacts with various pathways, 

including NF-κβ [33]. In the cytoplasm, NF-κB is 

found in an inactive, non-DNA-binding form 

because it is associated with inhibitors of nuclear 

factor kappa B (IκB), which are inhibitor proteins. 

IκB kinase (IKK) phosphorylates IκB proteins in 

response to inflammatory stimuli, which causes 

subsequent ubiquitination, the breakdown of the 

inhibitory proteins, and the activation of the NF-κB 

dimer. Later, this can translocate into the nucleus 

and trigger the production of several genes linked to 

inflammation, including COX-2 and pro-

inflammatory cytokines (IL-1, IL-2, IL-6, and 

TNFα) and chemokines, further activating 

endothelial cells. The additional pathway activated 

in endothelial cells, such as iNOS, which produces 

NO in response to inflammatory stimuli, and iNOS-

mediated NO production is often associated with 

inflammation and can contribute to local tissue 

destruction. So, primarily NF-κβ regulates the 

inflammatory response of a cell to multiple stimuli. 

Thus, the inhibition of NF-κB can be of great 

 

 

Figure 7. Co-authorship network of authors with a minimum of 5 publications based on average 

publications per year.  
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benefit in controlling inflammatory conditions. 

Reactive oxygen species (ROS) induced 

inflammation via the expression of inflammatory 

cytokines, including IL-1β, which has been linked 

with NOD-like receptor protein 3 (NLRP3) 

inflammasome. The NLRP3 inflammasome is 

activated by ROS, which are generated by a variety 

of stimuli such as oxidative stress and 

mitochondrial malfunction, resulting in caspase 

activation and inflammation. Pro-inflammatory 

cytokines, including IL-1β and IL-18, are released 

as a result of this activation, which promotes 

inflammation. There are several recent works on the 

anti-inflammatory action of phytochemicals listed 

below, and their mechanistic intercept pathway is 

shown in Figure 5. 

 

6.1. Polyphenol 

Polyphenols are a diverse group of secondary 

plant metabolites known to exhibit a wide range of 

biological activities, including antiviral, 

antimicrobial, anticancer, antioxidant, 

neuroprotective, and anti-inflammatory effects. 

Among these, the anti-inflammatory potential of 

polyphenols has been the most extensively 

investigated. Polyphenols exert anti-inflammatory 

effects primarily by modulating cytokine 

production and regulating multiple intracellular 

signalling pathways, such as MAPKs (p38, 

ERK1/2, and JNK), NF-κB, and the arachidonic 

acid cascade (via the inhibition of COX and LOX 

enzymes) [34].  

Polyphenols are broadly classified into several 

categories, including simple phenolics, flavonoids, 

and phenolic acids. Most phenolic compounds are 

abundant in plants and are products of their 

secondary metabolic pathways. Numerous studies 

have demonstrated their importance in attenuating 

inflammation through diverse mechanisms. Among 

phenolic compounds, resveratrol is the most 

extensively studied for its anti-inflammatory 

effects. It regulates inflammatory responses by 

modulating key signalling pathways such as NF-κB, 

MAPK, and the arachidonic acid cascade [35]. 

Experimental evidence suggests that resveratrol 

exerts anti-inflammatory effects through the 

activation of AMP-activated protein kinase 

(AMPK) and the inhibition of NF-κB-induced COX

-2 signalling in RAW 264.7 macrophages [36]. The 

phenolic compounds oxyresveratrol, 

norartocarpetin, and artocarpesin from Artocarpus 

heterophyllus (jackfruit) demonstrated potent anti-

inflammatory activity by suppressing iNOS and 

COX-2 expression in lipopolysaccharide (LPS)-

activated macrophages and by significantly 

reducing NO and PGE₂ levels [37]. Similarly, Ali et 

al. [38] identified five phenolic compounds from 

Eucalyptus maculata resin, of which 1,6-

dicinnamoyl-O-α-D-glucopyranoside showed 

notable inhibition of NO generation, COX-2, TNF-

α, and NF-κB expression in vitro. In another study, 

phenolic compounds isolated from Habenaria 

 

 

Figure 8. A visual summary of the leading research groups represented by the top  10 co-authors based on 

bibliometric analysis.  
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digitata exhibited strong antioxidant and anti-

inflammatory activities, with 5-methylpyrimidine-

2,4-diol being the most potent. These compounds 

inhibited COX-2 and 5-LOX enzymes in a 

carrageenan-induced pleurisy model in mice, 

confirming in vivo relevance [39]. Further, 

Aydemir et al. [40] identified phenolic substances 

such as p-coumaric acid, hyperoside, and hesperidin 

from Astragalus gymnolobus methanolic extracts, 

which showed significant cytotoxic, antioxidant, 

and anti-inflammatory potential supported by 

molecular docking studies. The study by Benarba et 

al. [41] reported that methanolic extracts of 

Telephium imperati L., rich in phenolic compounds, 

exhibited strong antioxidant, anti-inflammatory, and 

anticancer properties. 

Flavonoids, also known as hydroxylated 

polyphenols, represent a major subclass of 

polyphenols with well-documented anti-

inflammatory effects. They modulate the production 

and activity of various cytokines by inhibiting the 

expression of pro-inflammatory mediators such as 

TNF-α, IL-1β, IL-6, and IL-8 in different cell types, 

including human peripheral blood mononuclear 

cells, mast cells, astrocytes, synovial cells, and LPS

-activated mouse macrophages [42][43]. Several 

individual flavonoids, such as quercetin [44][45], 

curcumin [46], genistein, apigenin [47], 

kaempferol, and epigallocatechin-3-gallate [48], 

exhibit potent anti-inflammatory activity. These 

compounds regulate cytokine expression (IL-1β, 

TNF-α, IL-6, and IL-8), inhibit transcription factors 

(NF-κB and activator protein-1), suppress adhesion 

molecules (ICAM, VCAM, and E-selectin), and 

block key enzymes (NO synthase, COX-2, and 

LOX) involved in inflammation. Phenolic acids 

such as chlorogenic acid, rosmarinic acid, and 

ellagic acid, abundant in medicinal and edible 

plants, also exhibit pronounced anti-inflammatory 

activity. These compounds modulate key 

inflammatory pathways, including NF-κB, MAPK, 

and NLRP3 inflammasome signalling, and have 

been shown to influence gut microbiota 

composition, highlighting a possible gut–immune 

axis in their mechanism of action [49]-[51]. 

Recent studies have focused on polyphenol-

enriched extracts and novel formulations to enhance 

bioavailability and therapeutic potential. For 

example, a seabuckthorn-derived polyphenol–

phospholipid complex demonstrated significant in 

vivo anti-inflammatory activity in Sprague–Dawley 

rats [52]. Extracts rich in polyphenols from Cirsium 

japonicum [53] and Withania adpressa [54] showed 

potent antioxidant, anti-inflammatory, and analgesic 

properties. A recent innovation is a sustained-

release pure polyphenol capsule designed for 

osteoarthritis treatment, which achieved a single-

dose therapeutic effect in mouse and dog models by 

modulating the microenvironment and inhibiting 

the p38 MAPK pathway [55]. Collectively, these 

studies highlight the diverse pharmacological 

potential of polyphenolic compounds derived from 

various plant species. The identification of specific 

bioactive molecules provides valuable leads for 

further drug development and mechanistic studies. 

Most investigations were restricted to preliminary 

 

 

Table 3. Top 10 co-authors and their corresponding link strength. 

 
Author Documents Citation Total Link Strength H-Index 

Lillian Barros 57 751 272 95 

Gökhan Zenin 45 994 243 72 

Maria Inês Dias 34 432 192 41 

Ricardo Costa Calhelha 38 515 181 58 

Luigi Menghini 17 289 157 37 

Claudio Ferrante 16 279 153 35 

Giustino Orlando 15 267 152 37 

Luigi Brunetti 15 267 152 36 

Annalisa Chiavaroli 15 267 152 33 

Sheila Leone 15 267 152 37 
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biological assays without extensive 

pharmacokinetic or toxicity evaluations, leaving 

their clinical relevance uncertain. Future research 

should focus on mechanistic elucidation, 

formulation development, and clinical validation of 

these phenolic compounds.  

 

6.2. Alkaloid 

The basic nitrogen-containing chemical 

compounds known as alkaloids are primarily found 

in plants. They have diverse structural classes, such 

as indole, quinolone, isoquinoline, pyridine, 

pyrrolidines, and piperidines. Alkaloids have a wide 

range of physiological and pharmacological 

characteristics, such as analgesic, anti-

inflammatory, antioxidant, anti-tumor, and 

antibacterial actions. Current studies related to the 

anti-inflammatory properties of alkaloids are 

described below. It was noted that certain 

isoquinolines, such as berberine, tetrandrine, 

dauricine, sinomenine, and lycorine, could alter the 

NF κB, COX 2, iNOS, TNF α, IL-6, STAT, and 

MAPK pathways. Berberine reduces inflammation 

in lipopolysaccharide-induced human dental pulp 

fibroblasts by inhibiting the NF-κB signalling 

pathway [56]. It also decreases the expression of K-

ras, c-Raf, and p-38/ERK-phosphorylation and 

blocks the overproduction of IL-6 and TNF-α in 

fibroblast-like rheumatoid arthritis synoviocytes. 

Furthermore, it suppressed NLRP3, caspase-1, and 

ASC mRNAs in the NLRP3 inflammasome cascade 

and decreased the release of proinflammatory 

cytokines (IL-1α, IL-1β, IL-6, and TNF-α) [57]. 

Tetrandrine has anti-inflammatory and antioxidant 

properties through the PI3K/AKT/NF-κB signaling 

pathway [58]. In lipopolysaccharide-induced RAW 

264.7 cells, tetrandrine also suppresses the 

production of IL-6, IL-1β, and TNF-α by inhibiting 

NF-κβ [59]. It also inhibits the phosphorylation of 

IκBα and NF-κB p65, reducing inflammation in 

chondrogenic ATDC5 cells and lipopolysaccharide-

induced macrophage RAW 264.7 cells [60]. 

Sinomenine inhibits the JNK and NF-κB signaling 

pathways to produce its anti-inflammatory action. 

Through NF-κB activity inhibition, it suppresses 

TNF-α mRNA and IL-1β mRNA expression in 

synovial cells [61]. The six quinoline alkaloids, 

avicenines (A–F), found in Zanthoxylum 

avicennae fruits inhibited the production of pro-

inflammatory cytokines IL-1β and IL-6 in 

macrophages, which are used to treat a variety of 

inflammatory conditions [62]. Moreover, quinoline 

alkaloid from Watheria indica suppressed NF-kb 

and iNOS pathways [63]. The indole alkaloid 

evodiamine from Evodia rutaecarpa has anti-

inflammatory activity by decreasing the expression 

of proinflammatory mediators COX-2, iNOS, IL-6, 

and TNF-α via AKT/Nrf2/HO-1 activation and 

inhibiting NF-κB p65 phosphorylation in 

lipopolysaccharide-stimulated BV-2 cells [64]. 

 

 

Figure 9. Network visualization of author’s keyword with a minimum of 5 co-occurrences.  
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Rhynchophylline, another indole alkaloid from 

Uncaria rhynchophylla, has been identified for its 

anti-inflammatory properties by modulating 

MAPK/NF κB pathways [65]. It can inhibit the 

production of IL-1β and TNF-α in 

lipopolysaccharide-induced dopaminergic neurons 

and glial cells. Additionally, it can prevent the 

phosphorylation of p38 MAPK, block the nuclear 

translocation of NF-κB, and inhibit its 

transcriptional function in hypoxia-induced vascular 

endothelial cell damage [66][67]. Pei et al. [68] 

found that diterpenoid alkaloids from Delphinium 

ajacis have potent anti-inflammatory activity by 

reducing NO production in lipopolysaccharide-

induced BV-2 microglial cells. Tang et al. [69] 

found that the alkaloids from black pepper showed 

anti-inflammatory activity by preventing the 

activation of the NF-κβ pathway in murine 

macrophages. The purine alkaloid theophylline 

exhibited anti-inflammatory activity by decreasing 

the release of phosphodiesterase and neuropeptides. 

It also inhibits the adenosine receptor, increases the 

release of IL-10, and prevents the transcriptional 

expression of NF-κB as well as the activation of T 

cells and inflammatory cells [70][71]. 

 

6.3. Glycoside 

Glycosides are organic compounds that can be 

isolated from either plants or animals. Based on 

glycosidic bond, they can be linked by an N-, S-, or 

C-glycosidic bond to form C-glycosides, 

thioglycosides, and glycosylamines, respectively. 

There is another classification based on the 

aglycone portion, such as flavonoid glycosides, 

anthraquinon glycosides, triterpene glycosides, 

kaempferol glycosides, phenylpropanoid, β-

sistosterol, and saponine. In both animal and cell 

models, glycosides exhibit strong anti-inflammatory 

properties. They often work by restoring 

immunological responses, increasing antioxidant 

defenses (Nrf2), and inhibiting important 

inflammatory pathways (NF-κB/MAPK). 

Kaempferol-based glycoside from Siraitia 

grosvenorii that was isolated from monk fruit 

showed dose-dependent anti-inflammatory 

properties by triggering the Nrf2/HO-1 antioxidant 

response and blocking the TLR4/NF-κB/MyD88 

pathway in lipopolysaccharide-activated 

macrophages and OA-treated HepG2 cells [72]. Wu 

et al. [73] reported that the glycoside-rich extract 

from Picrorhiza scrophulariiflora inhibits NO 

production, iNOS expression, IL-1β, and IL-6 

transcription of lipopolysaccharide-activated RAW 

264.7 cells. Luteolin glycoside, aucubin, and 

sweroside main components responsible for the anti

-inflammatory effect of the extract. According to 

earlier research, steviol and stevioside may 

influence the expression of cytokines by inhibiting 

IkBα/NF-κB signalling pathway, resulting reduction 

of the production of pro-inflammatory cytokines 

induced by lipopolysaccharide [74]. Additionally, 

Xu et al. reported that stevia glycosides regulate the 

NF‐κB/MAPK pathway, enhance antioxidant 

capacity, reduce inflammation, and apoptosis of 

diquat‐induced IPEC‐J2 cells [75]. Iridoid 

glycosides from Cornus officinalis showed 

 

 

Table 4. Top 10 keywords with a minimum of 5 occurrences.  

 

 
 

Keywords Occurrence Total Link Strength 

Anti-inflammatory 2,739 7,660 

Antioxidant 1,710 5,284 

Inflammation 1,664 4,790 

Anti-inflammatory activity 1,028 2,260 

Oxidative stress 944 2,854 

Antioxidant activity 608 1,631 

Molecular docking 581 1,646 

Anti-inflammation 550 1,278 

Apoptosis 440 1,302 

Cytotoxicity 397 1,221 
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neuroprotective activity in rats with brain injury by 

increasing antioxidant levels and reducing lipid 

peroxidation and proinflammatory marker levels by 

inhibiting NF-κB and STAT3 expression [76]. In 

lipopolysaccharide-stimulat RAW 264.7 

macrophages, phenylethanoid glycoside, from the 

flowers of Hosta plantaginea, significantly reduced 

inflammation by blocking the NF-κB signalling 

pathway and reducing NO, TNF-α, PGE2, IL-1β, 

and IL-6 [77]. Another phenylethanoid glycoside, 

like tubuloside A from Cistanche tubulosa, reduced 

NF-κB activation and upregulated the Nrf2/HO-1 

antioxidant pathway to inhibit diclofenac-induced 

hepato-renal oxidative damage in rats [78].  

 

6.4. Tannin 

Tannins come from a variety of sources. They 

are present in several wild herbs, plants, fruit, tree 

wood, and bark. There are two primary categories 

of tannins: condensed and hydrolyzable. They 

showed anti-inflammatory effects by reducing 

proinflammatory mediators through inhibition of 

NF‑κB and MAPK pathways and regulating the 

immune response.  There are several new studies on 

the anti-inflammatory properties of tannin, some of 

which even address their mode of action or pinpoint 

the compounds that enable this effect. Among 

hydrolysable tannins, extract from Sumach (Rhus 

coriaria) has demonstrated anti-inflammatory, 

immunomodulatory, and anti-apoptotic properties 

in addition to the ability to cure, prevent, and 

reverse necrotizing enterocolitis [79]. Furthermore, 

hydrolysable tannin of Terminalia chebula showed 

potent anti-inflammatory activity by blocking 

NF‑κB and MAPK signalling, reducing NO, ROS, 

cytokines, COX‑2, iNOS, and TNF‑α in both model 

collagen-induced arthritis in mice and 

lipopolysaccharide-stimulated RAW 264.7 

macrophages [80]. Additionally, the hydrolyzable 

gallotannin found in chestnut spiny burs tannin 

extract exhibited anti-inflammatory properties and 

cryoprotection [81]. Gallnut-derived tannic acid 

reduced inflammation, NF-κB activation, and 

airway hyperresponsiveness in a mouse model of 

ovalbumin-induced asthma [82]. Curcumin 

nanoparticles coated with tannic acid show strong 

anti-inflammatory and anti-fibrotic properties 

through downregulating the expression of the TGF 

β and NF κB genes in human tenocyte cell cultures 

[83]. There was evidence that a randomized placebo

-controlled clinical trial revealed that 14 days of 

oral tannin supplements dramatically decreased the 

pro-inflammatory chemokine macrophage 

inflammatory protein-1α, which was linked to 

changes in gut Bifidobacteria [84]. Reports show 

that tannins improve the gut microbiota in both 

healthy individuals and disease models, promoting 

bacteria that produce anti-inflammatory metabolites 

and correlate with improved immune responses. 

 

6.5. Essential Oil 

Essential oils (EOs) possess anti-inflammatory 

activity depending on their chemical composition. 

The anti-inflammatory activity of essential oils is 

shown by affecting arachidonic metabolism, 

cytokine production, and the regulation of 

proinflammatory gene expression through inhibition 

of the NF-κβ pathway. De Cicco et al. [85] reported 

 

 

Figure 10. Visualization network of bibliographic coupling of journals with a minimum of 5 publications.  
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that Chamomile EO from Matricaria chamomilla L. 

showed anti-inflammatory activity by inhibiting the 

proinflammatory cytokines TNF-α and IL-6 and 

modulating macrophages and human CD4+ T cells-

mediated immune response. Results also revealed 

that these effects are associated with suppression of 

NF-κB activation and stimulation of the NRF2 

signalling pathway. Another study found that 8 EO 

from sage (Salvia officinalis), coriander 

(Coriandrum sativum), rosemary (Rosmarinus 

officinalis), black cumin (Nigella sativa), prickly 

juniper (Juniperus oxycedrus), geranium 

(Pelargonium graveolens), oregano (Origanum 

vulgare), and wormwood (Artemisia herba-alba) 

exerted anti-inflammatory activity by inhibiting NF

-κB activation and decreasing inflammatory 

mediators such as  IL-6, IL-1β, TNF-α, and COX-2 

mRNA expression in lipopolysaccharide-stimulated 

THP-1 macrophages [86]. Linalool is an active 

constituent of Lavandula angustifolia Mill. 

downregulated the mRNA and protein levels of IL-

6, IL-8, IL-β, and TNFα of THP-1 cells, pro-

inflammatory cytokines resulting in inhibition of 

both NF-κB and inflammasome [87]. In addition, 

Horváth et al. [88] found that lavender and 

eucalyptus EO decrease pro-inflammatory cytokine 

mRNA expression, IL-6, and IL-8 secretion of T24 

cells. The same authors also reported that different 

components of EO regulate NF-κB pathway and but 

others other pathways such as MAPK as 

well. Among the 21 essential oils from citrus peels, 

those extracted from Citrus japonica and Citrus 

maxima have been found to have potent anti-

inflammatory properties through the reduction of 

inflammatory mediators (NO) and proinflammatory 

cytokines (TNF-α, COX-2, iNOS, IL-1β, and IL-6) 

in lipopolysaccharide-stimulated RAW 264.7 cells 

[89]. Zhao et al. [90] reported the protective effects 

of cinnamon oil and eucalyptus oil on 

lipopolysaccharide-induced inflammation by 

reducing IL-1β, TNF-α, and NF-κB levels and 

increasing IL-10 levels. 

The most potent compounds showing anti-

inflammatory activity are in Table 1. While 

extensive in vitro and in vivo evidence supports the 

anti-inflammatory efficacy of phytochemicals, most 

studies remain preclinical. Moreover, many studies 

rely on crude extracts, making it difficult to 

attribute biological activity to specific compounds. 
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Future research should therefore emphasize 

structure–activity relationships, advanced 

formulation strategies (e.g., nano-encapsulation, 

phospholipid complexes), and well-designed 

clinical trials to translate these promising findings 

into effective anti-inflammatory therapeutics.   

 

7. BIBLIOMETRIC STUDY 

 

In academic research, literature reviews are 

crucial to evaluate the overall status of an area, 

collecting and identifying existing knowledge, and 

finding knowledge gaps. The number of academic 

journals and publications (such as articles, reports, 

and conference papers) has grown rapidly in recent 

years, leading to an exponential expansion in 

scientific knowledge. As a result, it is now highly 

challenging for researchers to use standard literature 

review techniques (such as narrative, critical, and 

meta-analysis) to identify specific gaps and track 

the state, advancements, and progress of that field. 

In any research field, bibliometric analysis has 

become an essential tool for assessing the scientific 

outputs of various scientific items (such as papers, 

authors, keywords, journals, institutions, and 

countries) and analyzing how the relationships and 

interactions between these items have changed the 

intellectual, social, and conceptual structure of the 

field over time. A bibliometric overview provides a 

thorough visualization of current research related to 

the anti-inflammatory activity of medicinal plant 

extract (period: 2020–2024). This approach aims to 

help researchers grasp the current state of academic 

research, identify patterns in research collaboration, 

and pinpoint potential international partners for 

future projects.  

 

7.1. Collaborative Countries 

The analysis highlights diverse collaborative 

activities among various countries, shedding light 

on the global research network surrounding the anti

-inflammatory activity of medicinal plants. Using 

the VOS viewer, collaborative networking among 

other nations was investigated as seen in Figure 6. 

Out of the 232 countries identified, only 118 

countries could meet the minimum threshold of 5 

publications arranged in 11 clusters. Each country is 

depicted as a circle, with interconnecting lines of 

varying thickness representing collaborative links. 

The thickness of these lines reflects the intensity of 

collaboration; the thicker the line, the stronger the 

research partnership. Similarly, the size of each 

circle reflects how frequently that nation appears in 

the dataset, providing a clear indication of its 

productivity and prominence in terms of publishing 

output. Table 2 indicate that China has the highest 

number of publications. The reason behind this 

China is one of the world's most biodiverse 

countries, with vast ecosystems. The country has a 

long history of using medicinal and agricultural 

plants (e.g., traditional Chinese medicine), which 

encourages scientific investigation into native flora. 

In addition, India also offers a wealth of Ayurvedic 

expertise, more plant resources, and more 

publications. Overall, Saudi Arab, Egypt, China, 

and India have the greatest cumulative link strength, 

with 2229, 1262, 1247, and 1168, respectively.  

 

7.2. Analysis of Authorship 

Figure 7 shows that a total of 82,846 researchers 

were found during the authors' analysis. Only 2,092 

co-authors out of this total produced the minimum 

of 5 papers throughout the time frame assigned 

(2020–2024). The 50 clusters comprise the 

complete co-authorship network. Similar levels of 

co-author participation are indicated by the 

networking, which is encouraging when searching 

for potential collaboration partners. The authors 

with the highest output are shown in Table 3. 

Lillian Barros, with an h-index of 95 from Portugal, 

has produced the most research. Strong networking 

is visible in Portugal, where Lillian Barros 

collaborates with Maria Inês Dias and Ricardo 

Costa Calhelha from the same institute, Instituto 

Politécnico de Bragança. A strong research group is 

also evident in Italy, including Luigi Menghini, 

Claudio Ferrante, Giustino Orlando, Luigi Brunetti, 

Annalisa Chiavaroli, and Sheila Leone from the 

University of G. d’Annunzio Chieti and Pescara. 

Gökhan Zenin from Turkey, with an h-index of 72, 

collaborates closely with the Italian research group 

and also with Ricardo Costa Calhelha from 

Portugal. Portugal and Italy show particular interest 

in inflammatory activity due to the high prevalence 

of inflammation-related chronic diseases and their 

strong tradition of studying natural bioactive 

compounds with anti-inflammatory potential [91]

[92]. Figure 8 presents a schematic representation 
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of the top 10 active research groups identified in the 

bibliometric analysis.  

 

7.3. Analysis Co-occurrence of Keywords 

Keywords help researchers by making their work 

easier through databases, indexing systems, and 

search engines. Properly selected keywords make 

the study more visible and accessible to the 

appropriate audience. Keyword co-occurrence 

describes situations in which authors frequently 

employ the same words or phrases in many 

publications, suggesting common study themes or 

areas of interest. out of the 31,718 keywords, only 

2,324 cooccurrences of the author’s keywords 

fulfilled the threshold of at least 5 keywords related 

to this topic spread across 16 clusters, as seen in 

Figure 9. The top five keywords were detected 

based on their link strength, such as anti-

inflammatory> antioxidant> inflammation> 

oxidative stress> anti-inflammatory activity. 

Overall, the occurrence of keywords is depicted in 

Table 4. The most explored topics related to the anti

-inflammatory activity of medicinal plant extracts 

have been identified in the keywords.  

 

7.4. Analysis of Journal Participation 

From 2020 to 2024, 2192 journals published 

research articles and reviews on the previously 

mentioned topic. Only 553 journals could meet the 

threshold of a minimum of five publications spread 

across 36 clusters, as depicted in Figure 10. The 

Journal of Ethnopharmacology published the most 

and had the most publications (809), as shown in 

Table 5. Others include Molecules (754), 

Antioxidants (312), International Journal of 

Molecular Science (329), and Frontiers in 

Pharmacology (322). The results demonstrated a 

notable inclination among researchers toward 

publishing in open-access journals. Among the ten 

journals identified in the bibliometric analysis, 60% 

were classified as open access, highlighting a rising 

tendency for research projects to receive 

institutional or agency support to cover publication 

fees. Open-access outlets enhance the reach and 

visibility of scientific work, offering significant 

advantages to both readers and early-stage 

researchers. The average impact factor of these ten 

journals, which published studies related to anti-

inflammatory research, was 4.74 reflecting the 

strong quality and relevance of the research being 

produced in this area. In addition, 90% of these 

journals were ranked in the Q1 quartile (top 25% 

globally), emphasizing their academic excellence, 

reputation, and citation impact. Publishing in such 

high-ranking journals is widely viewed as a mark of 

distinction, helping authors build professional 

 

 

Figure 11. Roadmap illustrating options and opportunities for plant-based bioactives in anti-inflammatory 

treatment.  
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credibility and recognition within the scientific 

community. Overall, these findings indicate that 

plant-based bioactive research in inflammation 

management is gaining considerable recognition 

from high-impact journals, thereby enhancing its 

global visibility and inspiring further contributions 

from emerging scientists.  

 

8. FUTURE PROSPECTIVE 

 

The information present in this article provides a 

magnified look at the mechanistic pathway leading 

to inflammation, which is expected to provide a 

broader picture of inflammation to the researchers. 

This intern shall help the researcher navigate 

through the possible targets that can be hit plant 

plant-based bioactives to control inflammation. In 

this regard, a schematic diagram depicting the 

various optoions and oppurtunities available with 

plant based bioactives to be used for the treatment 

of various diseases is depicted in Figure 11 as a 

roadmap for new researchers.  

 

9. CONCLUSIONS 

 

Inflammation is associated with the progression 

of almost all diseases and severely impacts the 

diseased person. Controlling inflammation also 

forms a part of providing symptomatic relief for 

such cases, where direct treatment of the occurring 

disease is not possible. In this regard, there shall 

always be a need for anti-inflammatory agents that 

can mitigate the inflammatory storm inside the 

body. A clear insight into various plant-based 

bioactives and their multimodal approach towards 

inflammation has been vividly described in this 

article. The elastic compilation is expected to 

provide clarity and productive thought in the minds 

of researchers, thus inspiring them to explore new 

ventures in plant-based bioactives as anti-

inflammatory agents.   
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