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KEYWORDS ABSTRACT:

Inflammation, natural Inflammatory disorders encompass a broad spectrum of conditions marked by abnormal
products, molecular  immune responses and persistent inflammation, affecting healthcare and patient well-
pathways, drug  being. Seeking alternative, safe, and efficacious treatments, researchers are turning to
delivery, natural products within the realm of inflammatory pharmacology. These products,

cardiovascular

disease, hypertension,
atherosclerosis, RA,
Inflammatory  bowel
disease (IBD), allergy

Introduction:
Inflammatory disorders encompass a wide range of
conditions characterized by an abnormal immune
response and chronic inflammation [1]. These disorders
pose significant challenges in healthcare and patient
quality of life [2]. While conventional therapies exist,
the search for alternative, safe, and effective treatments
have led researchers to explore the potential of natural
products in inflammatory pharmacology. Experts in
healthcare express worry over drugs having a somewhat
limited therapeutic index in traditional therapy due to the

sourced from plants, animals, and microorganisms, hold promise as therapeutic
interventions. Natural products exhibit complex interactions with molecular targets and
signaling pathways involved in the inflammatory cascade across various diseases. These
interactions result in anti-inflammatory (Al) effects and provide potential therapeutic
benefits. These advantages may be harnessed via diverse drug delivery methods used for
administering these natural products. Plant-derived compounds like CUR (CUR), found
in turmeric, exhibit robust Al effects by modulating inflammation-associated pathways.
Resveratrol (RES), present in grapes and berries, mitigates inflammation and oxidative
stress. Similarly, animal-derived products such as omega-3 fatty acids (OFG) and bee
venom components, along with microbial-derived substances like probiotics and fungal
metabolites, display notable Al properties. It presents an all-encompassing perspective on
the role of natural products in inflammatory pharmacology, scrutinizing their molecular
mechanisms, efficacy, and applicability through drug delivery approaches in diverse
inflammatory disorders. By synthesizing the latest scientific strides, the article deepens
our comprehension of the therapeutic potential of natural products in managing
inflammatory conditions through various drug delivery approaches, thereby offering
valuable insights for future research and clinical utilization.

potential for clinically relevant drug interactions [3].
Natural remedies, which originate from a variety of
origins including plants, animals, and microbes, possess
a rich historical background of traditional usage and are
currently gaining recognition for their possible
therapeutic  effects in regulating inflammatory
mechanisms. Additionally, the biofilms undermine the
immune system, allowing new bacterial communities to
flourish and eventually delaying the healing process [4].
The utilization of herbal remedies in the realm of
inflammatory pharmacology presents an intriguing
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option as therapeutics. These bioactive compounds
possess a plethora of chemical structures and complex
mixtures, providing a rich source of molecules with
diverse pharmacological activities. Through their
intricate interactions with molecular targets and
signaling pathways involved in the inflammatory
cascade, natural products exhibit Al effects and offer
potential therapeutic benefits. Extensive research has
been conducted on natural compounds produced from
plants within the field of inflammatory pharmacology
[1]. Due to its potent flavor and scent as a spice and
flavoring factor in food and beverages as well as its use
as a traditional medicine, Trigonella foenum-graecum
(TFG), often known as fenugreek and belonging to the
Leguminosae family, is widely consumed in India.
There are numerous findings on the benefits of TFG
extract on ulcers, diabetes, wound healing, antioxidants,
cancer, inflammation, and fever. Numerous bioactive
substances such as trigonelline (TG) and 4-
hydroxyisoleucine, are present in the TFG seed extract.
A key substance among them is an alkaloid, known as
TG. In Alzheimer's disease, TG's antidiabetic and
neurodegenerative properties are linked to memory
enhancement [5]. For instance, CUR, a bioactive
compound found in turmeric, has demonstrated potent
Al effects by modulating various inflammatory
pathways. RES, a polyphenolic compound present in
grapes and berries, has also shown promise in reducing
inflammation and oxidative stress. Additionally, animal-
derived natural products, such as OFA from fish oil and
bee venom components, exhibited amelioration of
inflammatory properties in preclinical and clinical
studies.  Furthermore,  microbial-derived  natural
products, including probiotics and fungal metabolites,
have emerged as potential candidates for modulating gut
microbiota and attenuating inflammation. A foreign
chemical substance that changes the neurotransmitter's
circulation will affect some receptors’ chemical
attachments, which will upset the balance. In essence,
the imbalance's effects will reveal the mental disorder.
Mental disease can be classified into many different
forms, such as delusion, hallucination, depression,
schizophrenia, etc., depending on the severity of the
alteration [6, 7]. Derivatives of diaryl synthesized by
derivatization of cyclic ketones have attracted
significant scientific interest due to their notable
pharmacological activities [8]. The objective of this
article is to present a detailed examination of the
function that natural molecules play in the field of
inflammatory pharmacology. Specifically, this study
will focus on elucidating the molecular pathways via
which natural substances exert their effects, evaluating
their effectiveness, and identifying new uses for treating
different inflammatory disorders. This article will also
cover drug delivery approaches of these natural
phytomolecules.
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Overview of Inflammation:

Acute and chronic inflammation are two distinct types
of immune responses that occur in the body. Although
both processes entail the stimulation of the immune
framework and the subsequent release of diverse
inflammation causing agents, they exhibit disparities in
terms of their length, underlying mechanisms, and
clinical symptoms. Acute inflammation is triggered
promptly after tissue injury or infection, allowing the
immune system to respond rapidly. This process is
inherently self-limiting and often undergoes resolution
over a short span of a few days with the removal of the
causative stimulus. Blood vessels in the affected area
dilate, leading to increased permeability. This allows
cells belonging to the immune framework and proteins
in the plasma to migrate from the circulation into the
tissue, leading to the characteristic swelling, redness,
and heat associated with acute inflammation.
Neutrophils, are the primary immune cells (IC) involved
in acute inflammation. The cells undergo migration
towards the location of injury or infection, where they
proceed to produce inflammatory mediators in order to
combat pathogens and eliminate debris. The heightened
vascular permeability induces the effusion of fluid into
the adjacent tissues, leading to the manifestation of
regional swelling or edema [9]. As the injurious agent is
neutralized and tissue healing progresses, acute
inflammation resolves, and the affected tissue returns to
its normal state. Chronic inflammation is characterized
by its long-lasting nature, persisting for an extended
period, often due to unresolved triggers or underlying
diseases. It involves a cycle of tissue damage and
attempted repair. During the course of wound healing, a
series of processes take place to assist the restoration of
the injured area's integrity. These events include
inflammation, cellular proliferation, and its remodeling.
Following an injury, the initial onset of inflammation in
the affected region is attributed to the release of several
inflammatory agents. Following this, there is a
manifestation of increased proliferation of fibroblast
blood vessel formation (angiogenesis), and remodeling
of tissue [4, 10]. The phenomenon of a prolonged
immunological response can lead to the destruction of
normal tissue and the formation of scar tissue. In contrast
to acute inflammation, chronic inflammation is
distinguished by the presence of cells from the immune
framework, including lymphocytes, macrophages,
and cells from plasma, alongside neutrophils. The
occurrence of angiogenesis and excessive production of
connective tissue (fibrosis) are common features of
chronic inflammation [11].
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Cellular players in the inflammatory response:
cytokines, chemokines, and IC
Inflammatory mediators:
leukotrienes, and histamine
Prostaglandins: Prostaglandins are arachidonic acid
derivatives, which are lipid in nature and functions
through the action of cyclooxygenase (COX) enzymes
[12]. They have significant involvement in numerous
physiological, biochemical and pathological processes,
including inflammation. Some plant polyphenolics and
synthetic pyrazoline derivatives are reported to have Al
property and are also effective antioxidants. This
antioxidant activity likely contributes to the inhibitory
activities of COX-LOX [12, 13]. Due to the induction of
oxidative damage, antioxidant enzyme activities were
also noticeably altered, with measurements showing an
enhancement in the activities of SOD, APX, and
decreased activity of CAT [14]. There are several types
of prostaglandins, but the most well-known are
prostaglandin E2 (PGE2) and prostaglandin D2 (PGD?2).
Particularly, prostaglandin E2 (PGE2) induces
vasorelaxation and vasodilation, leading to enhanced
blood perfusion towards the site of inflammation. [15].
They promote increased permeability of blood vessels,
allowing IC and plasma proteins to extravasate into the
inflamed tissue and sensitize nerve endings, contributing
to the generation of pain and hypersensitivity at the site
of inflammation. They contribute significantly in
immune cell activation and modulate the functioning of
the IC, including neutrophils, macrophages, and
lymphocytes, influencing their recruitment and
inflammatory functions. Prostaglandins can act on the
hypothalamus to raise body temperature, contributing to
the development of fever during inflammation.
Leukotrienes: Leukotrienes are arachidonic acid
derivatives, which are synthesized through the 5-
lipoxygenase (5-LOX) pathway. This acid metabolism
may shift to the 5-LOX route as a result of COX enzyme
inhibition, which could increase leukotriene synthesis
[16]. They are predominantly produced by leukocytes
and play crucial roles in allergic and inflammatory
reactions. Leukotrienes, particularly leukotriene D4
(LTD4), cause the constriction of smooth muscles in the
airways, contributing to bronchoconstriction in
conditions such as asthma. They are also responsible for
enhancing vascular permeability, promoting the
migration of fluid and plasma proteins into the tissues
present in the surrounding. Leukotrienes attract and
activate cells of immune framework, including
eosinophils macrophages and neutrophils leading to
their migration to the location of inflammation. They
also produce and recruit mucus, contributing to airway
obstruction and  mucus-related symptoms in
inflammatory respiratory conditions.

prostaglandins,
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Histamine: Histamine is a biogenic amine that is
released from mast cells, basophils, and other IC during
allergic and inflammatory responses [17]. It acts as a
potent vasodilator and mediator of immediate
hypersensitivity reactions with potentially involvement
of H1 receptor [11]. Histamine causes vasorelaxation,
increasing the blood flow to the inflamed area and
promotes endothelial cell contraction, facilitating the
infiltration of plasma proteins and IC into adjacent
tissues [18]. They can also cause smooth muscle
contraction, contributing to  bronchoconstriction,
intestinal cramping, and other smooth muscle-related
symptoms [19]. Histamine activates sensory nerve
endings, leading to sensations of itchiness and pain at the
site of inflammation. Histamine modulates immune cell
activation and function, influencing processes such as
leukocyte recruitment and cytokine release. When
patients suffering from pollinosis and allergic model rats
with TDI sensitization displayed allergy symptoms,
H1IR mRNA expression was closely linked with the
intensity of those symptoms. Additionally, substances
that reduce the expression of the H1R gene are better in
reducing allergy symptoms [20]. The production and
actions of prostaglandins, leukotrienes, and histamine
are tightly regulated to maintain an equilibrium between
the inflammatory responses. Enzymes involved in their
synthesis, such as COX and 5-LO, can be inhibited by
NSAIDs and leukotriene antagonists, respectively.
Additionally, Al cytokines and endogenous molecules,
such as lipoxins and resolvins, can counteract the effects
of these inflammatory mediators and promote the
resolution of inflammation [21].

Modulation of NF-kB, AP-1, and STATS

NF-xB modulates multiple genes that play a role in
immunological responses, inflammation, cell survival,
and proliferation. The NF-kB family consists of five
distinct members p50, p52, RelA (p65), RelB, and c-Rel.
Typically, NF-xB in cytoplasm, are checked by
inhibitory proteins known such as IkBs (inhibitors of
NF-kB). The activation of NF-kB commences upon the
detection of various extracellular signals, including pro-
inflammatory (PRO-I) cytokines like TNF-a and IL-1,
as well as microbial products such as
lipopolysaccharide. This initiation of NF-kB activation
is crucial for initiating and modulating the inflammatory
response[22]. These signals are detected by cell surface
receptors, which include tumor necrosis factor receptors
(TNFRs), interleukin-1 receptors (IL-1Rs), Toll-like
receptors (TLRs), and various others. This recognition
leads to the oligomerization of receptors and the
recruitment of adaptor proteins. In addition to this,
several cytokines, such as IL-2, IL-7, IL-15, growth
factor (bFGF), and numerous antioxidants, exert control
over telomere length, telomerase activity, and the
expression of the hTERT (human Telomerase Reverse
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Transcriptase) gene. Elevated levels of cytokines at sites
of tissue injury promote immunosuppressive effects
[23]. It is well-established that a broad spectrum of
bacteria forms biofilms as a protective response when
confronted with unfavorable environmental conditions.
These biofilms consist of an extracellular matrix that
produces polysaccharides and peptides[24]. Acidic and
basic functional groups on bacterial surfaces are known

to be linked to lipopolysaccharides (LPS),
exopolysaccharide (EPS) [25] [26].These
polysaccharides facilitates downstream signaling

process of TLRs [27]. The recruited adaptor proteins,
such as TNF receptor-associated factors (TRAFs) and
MyD88, engage in interactions with downstream
kinases, notably the IkB kinase (IKK) complex. This
IKK complex comprises two catalytic subunits, IKKa
and IKKSp, alongside a regulatory subunit known as
IKKy or NEMO. Upon activation, the IKK complex
phosphorylates inhibitory proteins known as IkBs
(inhibitors of NF-xB). This phosphorylation event
triggers their ubiquitination and subsequent degradation
by the proteasome. Consequently, NF-xB dimers,
typically composed of p65 (RelA) and p50 subunits, are
released from the inhibitory IkB complex. With the
degradation of IkBs, these freed NF-kB dimers
translocate from the cytoplasm to the nucleus, where
they bind to specific DNA sequences known as kB sites.
It's worth noting that the transcription factor NF-«B,
which plays a role in activating numerous genes
associated with oxidative stress, can be inhibited by Nrf2
inducers[28]. Inside the nucleus, NF-xB dimers form
complexes by binding to kB sites situated within the
promoter regions of their target genes. These target
genes encompass a wide array of PRO-I genes, including
cytokines like interleukin-6 and tumor necrosis factor-
alpha (TNF-a), chemokines, adhesion molecules, and
enzymes pivotal for the production of inflammatory
mediators. The transcriptional activity of NF-xB is
intricately regulated by its interactions with various co-
activators and co-repressors. These molecular partners
exert a significant influence on gene expression,
modulating the inflammatory response and fine-tuning
cellular processes. NF-kB exhibits the capability to
engage in interactions with various other transcription
factors, including AP-1 (Activator Protein-1), STATS
(Signal Transducers and Activators of Transcription),
and CREB (cAMP Response Element-Binding Protein).
This collaborative interplay between NF-xB and these
transcription factors allows for the coordinated
regulation of gene expression and the amplification of
the PRO-I response. Indeed, inhibiting the NF-xB
signaling pathway holds great promise as a strategic
approach to suppress the expression of PRO-I genes and
alleviate excessive inflammation. A variety of methods
can be applied to address specific stages of this pathway,
providing potential therapeutic interventions while
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preserving the scientific terminology and fundamental
concepts. One of these approaches involves the
utilization of small molecule inhibitors designed to
target the catalytic activity of the IKK complex.
Compounds such as BAY 11-7082 and TPCA-1 have
demonstrated their capability to effectively impede IxB
phosphorylation, subsequently preventing NF-xB
activation. This targeted intervention represents a
valuable tool in the pursuit of managing inflammatory
processes without altering the scientific terminology or
underlying meaning. Indeed, inhibiting the NF-xB
signaling pathway holds great promise as a strategic
approach to suppress the expression of PRO-I genes and
alleviate excessive inflammation. A variety of methods
can be applied to address specific stages of this pathway,
providing potential therapeutic interventions while
preserving the scientific terminology and fundamental
concepts.

One of these approaches involves the utilization of small
molecule inhibitors designed to target the catalytic
activity of the IKK complex. Compounds such as BAY
11-7082 and TPCA-1 have demonstrated their capability
to effectively impede IkB  phosphorylation,
subsequently preventing NF-kB activation. This
targeted intervention represents a valuable tool in the
pursuit of managing inflammatory processes without
altering the scientific terminology or underlying
meaning[29].

Molecular Details and Activation of AP-1: The basic
architecture of AP-1 consists of homo- or heterodimers
including proteins originating from the Jun family (c-
Jun, JunB, JunD) and the Fos family (c-Fos, FosB, Fra-
1, Fra-2), whereby both Jun and Fos proteins form
leucine zipper structures. The protein quality control
system consists of two fundamental components,
namely molecular chaperones and the degradation
machinery. These constituents together govern the
cellular maintenance of protein  homeostasis.
Chaperones play a crucial role in the regulation of
protein folding and the management of misfolded
proteins by facilitating their recognition and transfer to
ubiquitin ligases, which subsequently attach ubiquitin
tags to these proteins. This process prepares the
misfolded proteins for destruction by either the
proteasome or autophagic pathways. Within the
mammalian system, it has been shown that there exist
around 600 ubiquitin ligases. This substantial number
suggests that a collaborative group of ubiquitin ligases
functions collectively to safeguard cells against the
buildup of misfolded proteins and the subsequent
formation of aggregates. Such aggregates have the
potential to generate cytotoxic stress.[30]. Upon
activation, AP-1 dimers exhibit binding affinity towards
certain DNA sequences referred to as AP-1 sites, which
are situated inside the promoter regions of target genes.
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The aforementioned binding event exerts regulatory
control on the transcriptional activity of the specified
genes. Included in the group of genes being targeted are
cytokines like IL-2 and IL-8, MMP, and several other
proteins that play a significant role in processes such as
inflammation  and  tissue  remodeling.  The
aforementioned processes and mechanisms are
explicated without any modifications to the scientific
language or fundamental significance.

STATs (Signal Transducers and Activators of
Transcription): STATs represent a family of
transcription factors that hold a pivotal role in mediating
signal transduction and regulating gene expression in
response to cytokines and growth factors. This family
comprises seven distinct STAT proteins, denoted as
STAT1-4, STAT5A, STAT5B, and SAT6. Each of these
STAT proteins is associated with specific cellular
functions and signaling pathways, contributing to the
intricate  orchestration of cellular responses to
extracellular signals. These characteristics remain
consistent with the scientific terminology and core
meaning.

Molecular Details and Activation of STATS:

The activation of cytokine receptors, including those for
interferons (IFNs) and interleukins (ILs), triggers the
phosphorylation of STAT proteins by kinases associated
with the receptor, predominantly members of the Janus
kinase (JAK) family. Once phosphorylated, STATS can
form homo- or heterodimers and subsequently migrate
into the cell nucleus, where they bind to specific DNA
sequences known as STAT response elements (SRES)
situated within the promoters of target genes. Moreover,
STATs have the capacity to interact with other
transcription factors, leading to the modulation of gene
expression. The regulatory role of STATs encompasses
the control of gene expression in various cellular
processes, including immune responses, cell
proliferation, differentiation, and apoptosis. For
example, STAT3 is recognized for its involvement in
regulating the expression of PRO-I cytokines such as IL-
6 and IL-23, while STAT1 plays a crucial role in
mediating the antiviral response orchestrated by IFNs.
These descriptions remain in alignment with the
scientific terminology and core concepts.

The Interplay of NF-xB, AP-1, and STATSs in
Inflammation:

STATs, NF-xB, and AP-1 often exhibit cross-talk and
collaborate to fine-tune the inflammatory response.
They can directly interact with each other and regulate
expression of overlapping target genes, influencing
duration and intensity of inflammation. Additionally,
their activation can be influenced by common signaling
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pathways, such as those involving MAPKSs and cytokine
receptors.

Signaling pathways: MAPK, PI3K/Akt, and
JAKI/STAT pathways

Signaling pathways play crucial role in transmitting
extracellular signals to the intracellular machinery,
regulating various cellular processes, including
inflammation. Among the prominent signaling pathways
involved in inflammation, the MAPK (Mitogen-
Activated Protein Kinase), PI3K/AKkt
(Phosphatidylinositol 3-Kinase/Protein Kinase B), and
JAK/STAT (Janus Kinase/Signal Transducers and
Activators of Transcription) pathways are central in
coordinating and modulating the inflammatory response.
Understanding the molecular details and interactions
within these pathways provides insights into the
complex mechanisms underlying inflammation [31].

MAPK (Mitogen-Activated Protein Kinase) Pathway:
The MAPK pathway is a conserved signaling cascade
involved in the regulation of numerous cellular
processes, including cell proliferation, differentiation,
survival, and inflammation. It consists of three main
branches: extracellular signal-regulated kinase (ERK),
c-Jun N-terminal kinase (JNK), p38 and MAPK][32].
Molecular Details of the MAPK Pathway:

The MAPK pathway is triggered by activating cell
surface receptors, such as receptor tyrosine Kkinases
(RTKs) and G protein-coupled receptors (GPCRs), in
response to various extracellular stimuli. Upon
activation, the pathway proceeds through a series of
phosphorylation events involving three kinases: MAP
kinase kinase kinase (MAPKKK), MAP kinase kinase
(MAPKK), and MAP kinase (MAPK). The ERK
pathway is primarily involved in cell growth,
differentiation, and survival. ERKs are activated by
sequential phosphorylation by MEK1/2 (MAPKK) and
Raf kinases (MAPKKK). p38 and JNK Pathways: These
MAPKs mainly regulate stress, inflammation, and cell
death. Both intrinsic and extrinsic pathways can initiate
apoptosis, which is followed by the endo-nucleolytic
cleavage of chromosomal DNA and the caspase-
dependent proteolysis of hundreds of cellular proteins.
Other than these two pathways, a third pathway entails
perforin and granzyme-dependent cell death as well as
cytotoxicity mediated by T cells [32]. However, they are
activated by dual phosphorylation by MKK4/7 and
MKK3/6, respectively. Activated MAPKSs translocate to
the nucleus and phosphorylate various transcription
factors, including AP-1 (c-Jun and c-Fos) and EIlk-1,
leading to the modulation of gene expression involved
in inflammation.
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PI3K/Akt (Phosphatidylinositol
Kinase B) Pathway:

The PI3K/Akt pathway is an essential signal
transduction mechanism that modulates various cellular
functions, such as viability, proliferation, metabolic
homeostasis, and inflammatory response. Extracellular
stimuli, including growth factors and cytokines, induce
its activation.

3-Kinase/Protein

Molecular Details of the PI3K/Akt Pathway:
The PI3K pathway is initiated by the activation of cell
surface receptors, such as receptor tyrosine kinases

(RTKs) and GPCRs, leading by stimulating
phosphoinositide 3-kinase (PI3K). PI3K converts
phosphatidylinositol  4,5-bisphosphate  (PIP2) to

generate phosphatidylinositol 3,4,5-trisphosphate (PIP3)
by phosphorylation. Akt Activation: PIP3 recruits Akt
(also known as protein kinase B) to the plasma
membrane, where it is activated through
phosphorylation by phosphoinositide-dependent kinase
1 (PDK1) and mammalian target of rapamycin complex
2 (mTORC2). Akt phosphorylates various downstream
effectors, including glycogen synthase kinase 3 (GSK3),
Forkhead box O (FOXO) transcription factors, and the
mammalian target of rapamycin complex 1 (mTORC1),
regulating protein synthesis, cell growth, and survival.
Akt can also influence inflammation by regulating the
activity of transcription factors such as NF-xB and AP-
1, as well as modulating the expression of inflammatory
mediators and  cytokines. JAK/STAT  (Janus
Kinase/Signal ~ Transducers and  Activators of
Transcription) Pathway: The JAK/STAT pathway is
primarily involved in cytokine signaling and plays a
critical role in inflammation, immune responses, and
cellular proliferation.

Molecular Details of the JAK/STAT Pathway:

The process of cytokine binding to cell surface receptors
that are particular in nature leads to the activation of
Janus kinases (JAKS) that are linked with these receptors.
This activation results in the phosphorylation of the
receptor, therefore creating docking sites for STAT
proteins. Upon recruitment to the receptor, STAT
proteins undergo phosphorylation by JAKs and then
assemble into homo- or heterodimers. The STAT dimers
that have undergone phosphorylation undergo
translocation to the nucleus, where they exhibit binding
affinity towards particular DNA sequences known as
STAT response elements (SREs) located inside the
promoters of target genes. The process of binding results
in the subsequent activation or suppression of
transcription of the target gene. The STAT proteins,
including STAT3 and STAT1, are essential in the
regulation of PRO-lI cytokine production and
immunological responses. The MAPK, PI3K/Akt, and
JAK/STAT pathways demonstrate interconnectivity and
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engage in crosstalk, hence impacting the activation and
downstream signalling of one another. As an instance, it
has been shown that mitogen-activated protein kinases
(MAPKS) has the capability to phosphorylate and then
activate Akt. In turn, Akt is capable of exerting its
influence on the activity of Janus Kkinase/signal
transducer and activator of transcription (JAK/STAT)
signalling pathway through regulating the suppressor of
cytokine signalling (SOCS) proteins. Furthermore, these
signalling pathways have the ability to converge on
shared transcription factors, such as NF-xB and AP-1, in
order to regulate the expression of genes involved in
inflammation.

Regulation of cytokines and chemokines synthesis

The regulation of cytokine and chemokine production is
a fundamental strategy in the control of inflammatory
processes. Cytokines and chemokines are crucial
mediators of immune responses, playing roles in
inflammation, immune cell activation, and recruitment.

Cytokines: Cytokines are small protein signaling
molecules in intercellular communication, playing a
crucial function in immunological reactions and
inflammation. They have a variety of impacts on target
cells and are generated by many cellular components,
notably IC.

Molecular Details of Cytokine Production:

Cytokine genes contain specific DNA sequences called
cytokine response elements (CyREs) in their promoter
regions. Transcription factors like AP-1, NF-xB and
STATS, bind to these CyREs and regulate cytokine gene
transcription. In reaction to extracellular stimuli like
pathogen-associated molecular patterns (PAMPS) or
damage-associated molecular patterns (DAMPS),
several signaling pathways, including MAPK, PI3K/Akt,
and JAK/STAT pathways, can cause cytokine
production.

Activation of immune cells (IC): The ICsuch as
macrophages, dendritic cells, and T cells, are essential in
the process of cytokine synthesis. Upon initiation, these
cells secrete cytokines, which subsequently stimulate
and enlist additional IC,so enhancing the
immunological response.

Autocrine and Paracrine Signaling: Cytokines have
actions in both an autocrine, influencing the cell which
produced them, and a paracrine manner, affecting
adjacent cellular component. This allows for
coordinated immune responses and communication
between IC. Cytokine production is tightly regulated to
prevent excessive inflammation. Negative feedback
mechanisms involve the production of Al cytokines,
such as IL-10 and transforming growth factor-beta
(TGF-B), which decreases the production of PRO-I
cytokines. Various molecules, including inhibitors of
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kinases or transcription factors, can interfere with
signaling pathways involved in cytokine production,
thereby modulating their expression. Epigenetic
modifications, such as methylated DNA can modulate
cytokine genetical upregulation. These modifications
can be targeted by specific inhibitors, offering potential
therapeutic interventions. Regulatory T Cells (Tregs)
has a significant potential in maintaining homeostasis by
suppressing excessive immune responses with synthesis
of PRO-I cytokines.

Chemokines: Chemokines, chemotactic cytokines,
modulate the cellular migration and recruitment to sites
of inflammation. They are involved in orchestrating
immune cell trafficking and directing the movement of
specific immune cell subsets.

Molecular Details of Chemokine Production:

Similar to cytokines, chemokine genes contain specific
promoter elements that are recognized by transcription
factors, such as NF-xB, AP-1, and STATS, leading to
their gene transcription.

Various signaling pathways, including MAPK and NF-
kB pathways, can activate the production of chemokines
in response to inflammatory stimuli or immune cell
interactions.

Chemokines are often induced rapidly through specific
stimuli which include cytokines, microbial components,
or tissue damage signals.

Regulation of Chemokine Production:

Similar to cytokines, chemokine production is regulated
through feedback mechanisms. Al cytokines, such as IL-
10 and TGF-p inhibit chemokine synthesis. Molecules
like SOCS (suppressor of cytokine signaling) proteins
can inhibit chemokine production by interfering with
signaling pathways involved in their expression.
Chemokine gene expression can be influenced by
epigenetic modifications, which can be targeted by
specific inhibitors to modulate chemokine production.
Therapeutic strategies aim to modulate cytokine and
chemokine.
Modulating and Chemokines in
Inflammation:

Production to restore immune balance and mitigate
excessive inflammation. Inhibiting key signaling
pathways involved in cytokine and chemokine
production, including MAPK, PI3K/Akt, or JAK/STAT
pathways, can help modulate their expression. Blocking
specific PRO-I cytokines, such as TNF-a, interleukin-1
(IL-1), or interleukin-6 (IL-6), using monoclonal
antibodies or soluble receptors, can reduce inflammation
in diseases where these cytokines play a prominent role.
Blocking specific chemokine receptors or their ligands
can disrupt the chemotactic gradient and inhibit immune

Cytokines
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cell recruitment, thereby reducing inflammation and
tissue damage. Enhancing the function or number of
regulatory T cells (Tregs) can promote immune
tolerance, suppress excessive inflammation, offering a
potential treatment procedure.

Suppression of nitric oxide (NO) production
Modulating the synthesis of NO, a crucial inflammatory
mediator, represents an important strategy in the
management of inflammation. NO is produced by
different cellular components, such that immune and
endothelial cellular components, and plays a vital role in
immunization and vascular equilibrium. Understanding
the molecular details of NO synthesis and the
mechanisms of its suppression provides insights into
potential therapeutic strategies for modulating
inflammation-related diseases. The inhibitory effects of
flavonolignans from Triticum aestivum Linn on the
formation of NO were seen in RAW 264.7 macrophages
activated with LPS. Among the compounds that were
studied, it was shown that they effectively decreased the
production of NO produced by lipopolysaccharide (LPS)
[33, 34].

Molecular Details of NO:

NO is synthesized from L-arginine by the enzyme nitric
oxide synthase (NOS). There are three isoforms of NOS:
neuronal NOS (nNOS or NOS1), inducible NOS (iNOS
or NOS2), and endothelial NOS (eNOS or NOS3). Each
isoform is regulated differently and contributes to NO
production under specific conditions. nNOS is
constitutively upregulated at brain and skeletal muscles.
These modulate in neurotransmission, muscle relaxation,
and neuronal signaling. The regulation of nNOS
involves calcium-dependent activation and interaction
with regulatory proteins. Increased intracellular calcium
levels, triggered by neuronal stimulation, activate nNOS.
Calcium binds to calmodulin, which associates with
nNOS, leading to conformational changes and the
catalytic activation of the enzyme. nNOS interacts with
various proteins, including PSD-95 and caveolin-3,
which can modulate its activity and subcellular
localization. NNOS is predominantly localized at the
postsynaptic density in neurons, allowing for localized
NO production and modulation of synaptic activity.
Inducible nitric oxide synthase (iNOS) is an isoform that
is not produced constitutively, but rather may be
stimulated in response to inflammatory stimuli,
including cytokines and microbial metabolites. It is
primarily expressed in IC and contributes to the immune
response and host defense. INOS expression is regulated
at the transcriptional level. Inflammatory signals
including cytokines (e.g., interferon-gamma, TNF-o)
and bacterial lipopolysaccharides (LPS), induce the
transcription factors upregulation including NF-xB and
STATS, which bind to specific sequences in the iINOS
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promoter and enhance its transcription. Unlike nNOS,
iNOS is not dependent on calcium for its activation.
Instead, it is constitutively active due to its unique
structure, allowing for sustained and high levels of NO
production. Post-translational modifications modulate
iNOS activity, including phosphorylation and S-
nitrosylation, which can affect its catalytic function and
stability. eNOS is constitutively upregulated in
endothelial lining blood vessels. It plays a vital play in
regulating vascular tone, blood flow, and platelet
aggregation. eNOS is activated in response to increased
intracellular calcium levels, which are mediated by
various stimuli, including shear stress and receptor-
mediated signaling. eNOS interacts with several
regulatory proteins, including calmodulin and heat
shock protein 90 (Hsp90), which modulate its enzymatic
activity and stability. eNOS activity can be regulated by
phosphorylation at specific sites, such as serine 1177,
which enhances its catalytic function and promotes NO
synthesis. In certain inflammatory conditions, excessive
NO production can contribute to tissue damage and
inflammation-related pathologies. Therefore, strategies
to suppress NO synthesis can be employed to mitigate
these effects. Inhibition of NOS Enzymes: Non-selective
NOS inhibitors, such as L-NMMA (NG-monomethy|-L -
arginine) and L-NAME (No-nitro-L-arginine methyl
ester), can inhibit all isoforms of NOS, reducing overall
NO production. Specific inhibitors targeting iNOS, such
as aminoguanidine and S-methylisothiourea, can
selectively inhibit inducible NO production, sparing
constitutive NOS isoforms(35).NF-kB, a transcription
factor which induces iNOS upregulation. Inhibiting NF-
kB activation through various approaches, such as using
specific inhibitors or natural compounds, can suppress
iNOS transcription and subsequent NO synthesis.
Inflammatory cytokines, such as interferon-gamma and
TNF-a, are potent inducers of iINOS expression.
Blocking these cytokines or their signaling pathways can
attenuate iNOS activation and NO production. Reactive
oxygen species (ROS) can activate NOS enzymes and
enhance NO production. Antioxidants, can scavenge
ROS and reduce their availability, thereby indirectly
suppressing NO synthesis. A well-known antioxidant is
lycopene. It can shield lipids, proteins, and DNA from
oxidation. Lycopene can also interact with ROS[36].

Therapeutic Applications:

Potential of CUR, probiotics, and OFG in IBD
CUR: CUR is a biologically active compound extracted
from turmeric, a traditional medicine. It exhibits strong
antioxidant, Al as well as immunomodulatory (IMM)
properties. CUR exerts its effects by targeting multiple
molecular pathways involved in inflammation and
immune regulation [37]. CUR has the ability to impede
the activation of NF-xB, which is a crucial transcription
factor that plays a significant role in the synthesis of pro-
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inflammatory cytokines. The process involves the
inhibition of phosphorylation and degradation of the
inhibitory protein IxB, hence impeding the translocation
of NF-«B to the nucleus and consequent activation of
gene expression related to inflammatory mediators.
Cytokine-induced neutrophil chemoattractant has the
ability to modulate the MAPK signalling pathway,
which encompasses the JNK, ERK, and p38 MAPK.
This intricate network of signalling molecules plays a
pivotal role in the regulation of inflammatory responses.
It inhibits the phosphorylation and activation of MAPKSs,
thereby attenuation synthesis of PRO-1 cytokines.
Macrophages as well as neutrophils move at areas of
injury as part of the cellular response to inflammation.
By phagocytosis and the generation of reactive oxygen
species (ROS), these cells fight the invader (1).
Additionally, the red blood cells (RBCs) are largely
prone to xenobiotics, since they contain significant
amounts of PUFAs, they are extremely vulnerable to
endogenous oxidative damage (38). The stomach
mucosa's inner wall entirely tore apart in experimental
animals. Ulceration may result from the formaldehyde-
induced injury to the stomach mucosa [39]. CUR
exhibits strong antioxidant activity, neutralizing free
radicals and alleviating oxidative stress. By neutralizing
ROS, CUR helps to mitigate tissue damage and
inflammation associated with IBD. CUR can modulate
immune responses by affecting immune cell
proliferation, differentiation, and cytokine production.
The use of Al facilitates the generation of automated
responses, while concurrently impeding the activation of
IC implicated in the development of IBD.

Probiotics: Probiotics refer to living bacteria that, when
ingested in sufficient quantities, have beneficial effects
on human health. These entities play a pivotal role in the
maintenance of gut homeostasis and the modulation of
immunological responses. Several strains of probiotics
have shown promise in the treatment of IBD via their
ability to target different cellular processes. Dysbiosis,
an imbalance in the gut microbiota, is associated with
IBD. Probiotics have the ability to reinstate the
equilibrium of microorganisms by facilitating the
proliferation of advantageous bacteria while impeding
the proliferation of detrimental bacteria. These
substances aid in enhancing the integrity of the
gastrointestinal barrier and modulating immunological
responses. Probiotics have the ability to interact with the
gut-associated lymphoid tissue (GALT) and regulate the
generation of cytokines that possess both PRO-I and
Al properties in the context of immune response. One
potential mechanism by which they may exert their
effects is via the enhancement of regulatory T-cell
activity, the suppression of PRO-I immunological
responses, and the promotion of immune tolerance.
Probiotics enhance the integrity of the gut epithelium by
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facilitating the synthesis of tight junction proteins, such
as occludin and claudin, so reinforcing the intestinal
barrier. The barrier function serves the purpose of
inhibiting the transfer of pathogenic microorganisms
and inflammatory chemicals through the intestinal
epithelium. Probiotic microorganisms have the ability to
undergo fermentation of dietary fibres, resulting in the
production of short-chain fatty acids (SCFAS), including
butyrate. SCFAs function as a vital energy source for
colonocytes and play a significant role in improving gut
health. They do this by facilitating Al responses and
preserving the integrity of the mucosal lining.

OFG: OFG, namely eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA), are examples of
polyunsaturated fatty acids (PUFA) that are often
present in fish liver oil. They exhibit Al properties and
have been investigated for their potential in managing
IBD. OFG can modulate the production of eicosanoids
which are PRO-lin nature, like prostaglandins,
leukotrienes, by competing with omega-6 fatty acids.
They act as precursors for the production of less
inflammatory eicosanoids, reducing inflammation in the
gut.

OFG can affect IC function and cytokine production.
They stimulate the synthesis of Al cytokines, like
interleukin-10, and suppress the synthesis of PRO-I
cytokines, like interleukin-1p and TNF-a. The Al
activity of Pterospermum acerifolium root extract's
ethanolic fraction initially suggests that it might be
caused by inhibition of arachidonic acid metabolism.
Inhibiting prostaglandin production may also result in
gastric hypersecretion and injury to the stomach mucosa
in IBD [40, 41]. OFG has a role in maintaining the
integrity of the intestinal barrier function via its capacity
to upregulate the expression of tight junction proteins
and reduce intestinal permeability. The barrier function
of the intestine plays a pivotal role in the prevention of
luminal antigens and inflammatory chemicals from
entering the intestinal tissue.

Rheumatoid Arthritis (RA):

According to chronic inflammatory models of
inflammation, it has been shown that the administration
of tea extract at the given levels significantly mitigated
formaldehyde-induced arthritis in rats. Therefore,
suggesting the possibility of possessing similar anti-
arthritic capabilities [9]. Chronic NSAID use in arthritic
situations may actually make the condition worse [15].
Infections caused by Chlamydia trachomatis, Yersinia,
Salmonella, Shigella, and Campylobacter are seen in
individuals with a genetic susceptibility, such as
HLAB27, leading to the development of persistent
inflammation. The precise process by which immune
activation occurs and then leads to the migration of IC to
distant synovial tissue remains unclear [42]. The
bacteria have developed a chemically mediated
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communication system called quorum sensing to initiate
the formation of this matrix [43, 44].

The most prevalent condition that affects cartilaginous
joints is osteoarthritis. Rehabilitation and physiotherapy
were always recommended to combat joint degradation
and prevent muscle atrophy in order to lessen discomfort
and increase mobility [45].

Mollugo oppositifolia Linn. (Molluginaceae family) has
been traditionally used in the treatment of fever, cough,
discomfort, inflammation, jaundice, stomach pain,
intestinal and urinary tract infections, appetite disorder,
malaria, viral illnesses, helminthiasis, and other
disorders [46]. Ethanolic extract of Molluginaceae
family has been reported to have Al effect on arthritis in
a mouse model [47].

Mechanism of CUR for
inflammation:

Curcumin (CUR) inhibits the activation of NF-xB, an
essential transcriptional regulator that controls the
expression of PRO-I genes. The compound inhibits the
phosphorylation and degradation process of IkB, hence
impeding the translocation of NF-xB to the nucleus and
the consequent transcription of genes encoding
inflammatory mediators. CUR has the ability to
decrease the production of PRO-I cytokines, namely
interleukin-1p (IL-1p), interleukin-6 (IL-6), and TNF-o,
by inhibiting the activity of NF-xB and other related
signaling pathways. The compound CUR has the ability
to impede the process of phosphorylation of MAPKS,
such as ERK, JNK, and p38 MAPK. These MAPKSs are
known to have significant involvement in the regulation
of inflammatory reactions. By targeting these kinases,
CUR reduces the synthesis mediators which are
inflammatory in nature. CUR can suppress activity of
MMPs, enzymes that degrade cartilage and contribute to
joint destruction in arthritis. It inhibits the transcription
of MMPs also promotes the synthesis of tissue inhibitors
of metalloproteinases (TIMPs). By lowering the
production of exopolysaccharide and alginate, CUR
from C. longa greatly inhibits the development of
biofilm. Instead of microbial cells, hydrated EPS makes
up the majority of the biomass in the biofilms [48].
Microcolonies are created from the biofilm cluster by
the continuous, dynamic spatial structuring of EPS
molecules in the matrix [49]. It is also known that CUR
prevents uropathogens from swimming and swarming
[50].

modulating  joint

Green Tea and Epigallocatechin-3-Gallate (EGCG):
Green tea contains a substantial amount of polyphenols,
among which the most prevalent and biologically active
ingredient is EGCG (9, 51). The effects of EGCG have
been investigated in relation to its impact on Al as well
as its potential for mitigating joint inflammation.
Epigallocatechin gallate (EGCG) has the capacity to
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impede the activation of NF-xB, hence averting the
following synthesis of PRO-I cytokines and chemokines.
EGCG has been shown to possess inhibitory properties
against the activation and production of matrix
metalloproteinases (MMPS), hence exerting a protective
effect against cartilage degradation in the context of
arthritis. EGCG has the ability to diminish the
phosphorylation of mitogen-activated protein Kkinases
(MAPKSs), namely extracellular signal-regulated kinase
(ERK), c-Jun N-terminal kinase (JNK), and p38 MAPK.
This attenuation subsequently results in a decrease in the
synthesis of inflammatory mediators. EGCG has
antioxidant characteristics and has the ability to
eliminate free radicals, hence mitigating oxidative stress
and inflammation in joint tissues [14].

Fish Oil and OFG: Fish oil is a dietary source that
contains a significant amount of OFG, including
eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA). These compounds have been extensively
studied for their Al properties and possible therapeutic
effects on joint inflammation. The OFG have the ability
to engage in competition with omega-6 fatty acids in the
biosynthesis of eicosanoids, including prostaglandins
and leukotrienes. The process of OFG conversion results
in the production of eicosanoids with reduced
inflammatory  properties, hence mitigating joint
inflammation. The function of 1C and the generation of
cytokines may be altered by the administration of OFG.
They facilitate the synthesis of Al cytokines, such as
interleukin-10 (IL-10), while impeding the synthesis of
PRO-I cytokines, such as interleukin-1p (IL-1pB) and
tumour necrosis factor-alpha (TNF-a).

Preservation of Cartilage Integrity: OFG can help
maintain cartilage integrity by reducing the production
of enzymes, such as MMPs, which contribute to
cartilage degradation in arthritis.

Quercetin: Quercetin is a widely studied flavonoid with
strong Al properties. It inhibits the activity of COX and
5-LOX enzymes, reducing the production of PRO-
leicosanoids. Quercetin also modulates NF-kB signaling
and downregulates PRO-I cytokines. Branches and
leaves of several yew species contain a lot of quercitrin
and isoquercitrin [52]. Additionally, Paclitaxal which is
obtained from western yew sp, have shown anti-tumor
activity [53,54]. To determine whether paclitaxel was
soluble in different oils, solubility research was carried
out. Triacetin was shown to have a higher level of
paclitaxel solubility than other oils. Triacetin was
selected as the oil phase for the succeeding stages
involved in the development of paclitaxel formulations.
This decision was made due to certain factors [55].
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Apigenin: Apigenin, found in parsley, chamomile, and
celery, possesses Al properties by inhibiting COX-2 and
reducing the production of PRO-I cytokines. Apigenin
also modulates NF-xB and MAPK signaling pathways.
It is also found in Acanthus ilicifolius. In various types
of inflammation, an extract from the leaves of Acanthus
ilicifolius showed the existence of considerable Al
action. Additionally, the extract was discovered to
markedly downgrade production of cytokines as well as
to reduce the action of COX and 5-LOX [56].

Resveratrol: Resveratrol (RES), a polyphenolic
compound of natural origin. It has been investigated for
its potential in managing RA. RES shows Al effects by
preventing NF-kB signaling, reducing the generation
cytokines of PRO-I nature, as well as suppressing
activity of inflammatory enzymes, such as COX-2.
Additionally, it modifies the expression of genes that are
linked to inflammatory processes and immunological
responses. RES has significant antioxidant properties,
effectively mitigating the detrimental effects of free
radicals and reducing oxidative stress within the joint
tissues impacted by rheumatoid arthritis (RA). RES has
been demonstrated to affect immunological responses
by modulating the generation of cytokines and
chemokines, improving immune tolerance, and reducing
the activation of IC implicated in RA pathology. RES
has demonstrated potential in inhibiting the production
of matrix metalloproteinases (MMPs), enzymes
responsible for cartilage degradation in RA, thereby
protecting against joint damage. trans-RES also has been
found in cotton seed. A fluorine-free coating with
superhydrophobic and superoleophilic properties, as
well as antibacterial and photocatalytic activities, was
synthesized in situ on cotton fabric by a simple solution
method using zirconium zinc stearate as the main
component [57]. Numerous investigations conducted on
several types of malignancies, including prostate cancer,
have shown the chemopreventive properties of some
phytochemicals obtained from dietary sources. Notable
examples of these phytochemicals include CUR, ursolic
acid (UA), EGCG, and RES. These phytochemicals
were synthesized on cotton fabric by a simple solution
method using zirconium zinc stearate as the main
component [58]. The triterpenoid group's most
promising member, UA, is a pentacyclic triterpenoid
which has Ursane, lupane, and oleanane form the
fundamental structure of UA, resulting in a variety of
pharmacological actions. Although it has several
physiological benefits, such as Al, anti-cancerous, bone
regeneration, anti-fungal, hepatoprotective, and
antioxidant qualities, it has one significant drawback: it
has lack of solublity in water and has low bio-
availability when administered using a drug delivery
system.
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Ginger: Ginger is a root spice containing several
bioactive compounds which is antioxidant as well as Al.
Studies have explored its usefulness in RA. Al Effects:
Ginger has been investigated for its potential benefits in
RA. It exhibits Al properties by downregulating the
expression of PRO-I cytokines, such as TNF-o and IL-
1B, and inhibiting the performance of COX and LOX. It
also modulates NF-xB signaling and reduces
inflammatory genes. Zingerone, main component of
ginger, can suppress and eliminate P. aeruginosa
biofilms, which also play a vital role in microorganism
mediated inflammation [50]. Ginger possesses
antioxidant properties, protecting against oxidative
stress-induced damage in joint tissues affected by RA.
Ginger has shown potential in reducing pain and
improving joint function in RA patients. It may exert its
effects through the modulation of inflammatory
mediators and the improvement of blood circulation to
affected joints.

Dermatological Disorders:

Eczema and psoriasis are chronic inflammatory skin
conditions characterized by redness, itching, and
inflammation. Following are natural resources used in
their management.

Aloe Vera: It is plant of succulents having soothing
properties. It contains various bioactive compounds,
including  polysaccharides, anthraquinones, and
vitamins, which contribute to its Al effects. Aloe vera
can suppress the production of PRO-I cytokines, such as
TNF-0, interleukin-1f (IL-1pB), and interleukin-6 (IL-6).
It inhibits the stimulation of NF-«xB, a important factor
related to expression of aforementioned cytokines. Aloe
vera can regulate immune responses by affecting the
proliferation and activation of IC, such as T cells and
dendritic cells. It can promote Al responses and inhibit
the release of mediators inflammation. Aloe vera
enhances wound healing and improve skin barrier
function. It promotes the synthesis of collagen and
hyaluronic acid, which are essential for tissue repair and
barrier integrity.

Chamomile: Chamomile is a herb known for its calming
and Al properties. It contains various bioactive
compounds, including chamazulene, flavonoids, and
terpenoids, which contribute to its Al effects.
Chamomile can inhibit cyclooxygenase (COX) and
lipoxygenase (LOX), which can release inflammatory
mediators like prostaglandins and leukotrienes.
Chamomile has been shown to inhibit the synthesis of
PRO-I cytokines, namely interleukin-8 (IL-8) and
interleukin-17 (IL-17), implicated in the pathogenesis of
eczema and psoriasis. Chamomile has antioxidant
properties by scavenging free radicals and mitigating
skin oxidative stress, perhaps influencing the
inflammatory processes seen in eczema and psoriasis.
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Liquorice Root: Liquorice root is known for its Al and
skin-soothing effects. It contains bioactive compounds,
such as glycyrrhizin and flavonoids, which contribute to
its Al effects. Liquorice root exerts an inhibitory role on
the activity of COX and LOX enzymes, reducing the
generation of PRO-1 mediators. Liquorice root exhibits
IMM effects by suppressing the activation of IC
involved in inflammation, such as T cells and dendritic
cells. It can also regulate the production of cytokines and
chemokines in eczema and psoriasis. Liquorice root
enhances the function of skin barrier by promoting the
synthesis of ceramides, which are essential for
maintaining skin hydration and integrity.

Topical application of natural products for skin
inflammation
Aloe Vera Gel: Aloe vera gel which has soothing and
Al properties. The following formulations permit its
topical usage:

Gel Form: Aloe vera gel is widely available in its
natural gel form. It can be directly applied to the affected
skin, providing immediate cooling and relief. The gel
formulation helps to hydrate the skin, reduce
inflammation, and promote wound healing.

Nano-emulgel:

For improvement of therapeutic effect polymeric
binding is well known, which can further be beneficial
if this drug can be delivered through a nanocarrier
system [59] . Nanosized emulsion globules can be
created by various processes which includes high or low
energy, and then, a gelling agent can be added to convert
the substance into nanoemulgel. Nanoemulgel is
essentially an topical gel formulation based on an
emulsion [60]. Natural, synthetic, and semi-synthetic
forms of polymeric polymers, surfactants, and fatty
substances are used in the manufacturing of
nanoemulgels, with globule sizes having a range of 5 to
500 nm. [61]. It is because of their stability, high
solubilization potential, and simplicity of preparation,
using nanoemulsions via a number of different routes,
has increased for various pharmacological aspects which
includes cardiovascular, antimicrobial, anticancer and
ophthalmic [62, 63].

Hydrogel:

Hydrogels are effective and often used in the biomedical
industry. As part of ongoing efforts to promote wound
healing, the Al performance of hydrogel dressings has
greatly improved in recent years, addressing a humber
of clinical issues [64].

Creams and Lotions: Aloe vera gel can be incorporated
into creams or lotions, along with other ingredients such
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as moisturizers and emollients, to provide additional
hydration and soothe the inflamed skin. Gels with Active
Ingredients: Aloe vera gel can be combined with other
natural Al compounds, such as chamomile or calendula
extracts, to enhance its therapeutic effects. These
combinations can be formulated into gels for targeted
application and enhanced synergistic benefits.

Chamomile Extract: Chamomile extract has Al and
calming effects on the skin. It can be used in the
following formulations. Chamomile extract can be
incorporated into creams or ointments, along with
suitable emollients and skin-nourishing ingredients.
These formulations provide a protective barrier,
moisturize the skin, and deliver the Al benefits of
chamomile.

Herbal Infused Oils: Chamomile flowers can be
infused in carrier oils, which includes olive oil or
coconut oil, to extract the active compounds. The
resulting infused oils can be applied directly to the skin
or used as a base for formulating various topical
products, including creams, lotions, or balms.

Tea Tree Oil: The antibacterial and Al effects of tea tree
oil are well-documented. It can be used in the following
formulations.

Diluted Oil: Teatree oil should always be diluted before
application to avoid skin irritation. Dilution can be done
in a carrier oil, such as coconut oil or jojoba oil, and
applied topically to the affected skin. This formulation
helps reduce inflammation, soothe irritation, and address
bacterial or fungal infections. Tea tree oil can be
incorporated into creams or gels with suitable emollients
and skin-friendly ingredients. These formulations
provide targeted application and can be used for
managing conditions such as acne or eczema.

Calendula Cream: Calendula, derived from marigold
flowers, is known for its Al and wound-healing nature.
Calendula extracts or infused oils can be incorporated
into creams or balms to provide moisturization, reduce
inflammation, and promote skin healing. These
formulations are commonly used for managing skin
irritations, eczema, or minor wounds.

Coconut Oil: Coconut oil is a natural product which is
versatile and offers moisturizing and Al effects. Coconut
oil can be solidified or combined with other solid
ingredients, such as beeswax or shea butter. This
formulation is particularly useful for conditions like
chapped skin, dry patches, or minor skin irritations.
Coconut oil can be applied directly to the skin as a light
oil. It helps moisturize, soothe inflammation, and
improve the skin barrier function. It is commonly used
for conditions like eczema, psoriasis, or dermatitis.
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Future Perspectives and Challenges:

Synergy and Combination Therapies:

Synergy and combination therapies involving natural
products have gained attention in the field of
inflammatory pharmacology. In the context of managing
inflammation, combining natural products can
potentially offer enhanced efficacy and synergistic
effects [65]. Enhanced Al Effects: Combining natural
products with complementary mechanisms of action can
lead to enhanced Al effects. Different natural products
may target distinct molecular pathways involved in
inflammation, and their combination can work
synergistically to achieve a more comprehensive and
potent Al response.

CUR and ginger: Both CUR and ginger exhibit Al
properties through NF-«xB signaling and suppressing the
cytokines, that are PRO-I in nature. Combining them
may lead to enhanced inhibition of NF-«xB activation and
downstream inflammatory pathways.

Resveratrol and quercetin: RES and quercetin both
possess Al and antioxidant properties. Their
combination may result in synergistic effects by
scavenging free radicals, inhibiting inflammatory
enzymes, and modulating multiple signaling pathways
involved in inflammation.

Modulation of Multiple Molecular Pathways:
Combining natural products with diverse mechanisms of
action can provide broader coverage and modulation of
these pathways. This approach can lead to a more
comprehensive suppression of inflammatory mediators
and signaling pathways.

Boswellia serrata extract and green tea extract:
Boswellia serrata extract inhibits the 5-LOX pathway,
while green tea extract modulates NF-xB and MAPK
pathways. The concurrent action of this combination
treatment may effectively inhibit the production of PRO-
I leukotrienes and modulate the activation of
transcription factors implicated in the expression of
inflammatory genes.

OFG and vitamin D: OFG have Al effects by inhibiting
PRO-Imediators, while vitamin D has IMM properties.
Combining them may enhance the Al and IMM effects,
potentially benefiting inflammatory conditions like RA
or IBD.

Combination therapies can offer an opportunity to
reduce the dosage of individual components while
maintaining therapeutic efficacy. This approach may
help minimize potential side effects or toxicity
associated with high doses of a single natural product.
By combining substances with complementary
mechanisms, lower doses of each component may be
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sufficient to achieve the desired Al actions. Individual
variations, including genetic factors and disease
characteristics, may influence the response to
combination therapies.

Novel Natural Product Sources:

The search for new and effective natural products for
drug discovery has led researchers to explore unexplored
biodiversity and untapped natural resources. These
efforts have revealed the vast potential of diverse
ecosystems, including marine environments, as valuable
sources of novel natural products with therapeutic
properties. The marine-derived natural compounds have
the potential as therapeutic leads and promising Al
characteristics. As a result, these chemicals have
generated a lot of interest from researchers. This section
will discuss the investigation of marine biodiversity and
the application of naturally occurring compounds
originating from marine environments in the search for
Al drugs.

Unexplored Marine Biodiversity: Earth's oceans
harbor a rich diversity of marine organisms, many of
which remain unexplored. These include bacteria, fungi,
algae, sponges, corals, and invertebrates. These
organisms have evolved unique biochemical and
physiological adaptations to survive in challenging
marine environments, making them potential sources of
novel bioactive compounds. Discovering uncharted
marine biodiversity has promising prospects for the
identification of naturally occurring substances and
phytochemicals with therapeutic potential.

Marine-Derived Natural Products for Anti-
inflammatory Drug Discovery: It has been discovered
that a range of bioactive substances with Al effects are
produced by marine creatures. These compounds have
shown the potential for developing novel Al drugs. The
largest mollusca phylum in the world, Telescopium sp.,
secretes a blue liquid when agitated. It was discovered
that the blue secretion metabolized para-amino benzoic
acid (PABA), a N-acetyl transferase (NAT) substrate.
The blue secretion of the bioactive fraction was
identified, and it was subsequently used as a biomarker
to monitor marine pollution (66). These mangrove snails
are antioxidant in natureand contain bioactive
substances (67)

Marine Sponge-Derived Compounds: Marine sponges
are prolific producers of bioactive compounds.
Compounds derived from marine sponges, such as
alkaloids, terpenes, and peptides, have demonstrated Al
effects by modulating various molecular targets
involved in inflammation pathways.

Coral-Derived Compounds: Coral reefs are known for
their high biodiversity and unique chemical profiles.
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Coral-derived compounds, including diterpenes,
polyketides, and alkaloids, have shown Al activity by
targeting pro-inflammatory mediators and signaling
pathways involved in inflammation.

Microorganisms from Marine Environments: Marine
bacteria and fungi represent a vast and untapped
resource for natural product discovery. Secondary
metabolites produced by these bacteria have a variety of
chemical and biological properties. Several marine-
derived microbial compounds have exhibited Al effects
by targeting inflammatory mediators, cytokines, and
signaling pathways.

Challenges and Future Perspectives: The exploration
and utilization of marine biodiversity for Al drug
discovery pose several challenges. These include the
sustainable collection of marine organisms, the
development of effective extraction and purification
methods, and the identification of lead compounds with
optimal pharmacokinetic properties. One study showed
that a developing precursor molecule in medicinal
chemistry for the discovery of multifunctional
therapeutic drugs is 5-Arylidene-2,4-thiazolidinedione
(5-A-TZD). The Knoevenagel Condensation (KC) is one
of the best methods in contemporary organic chemistry
for synthesis of this precursor molecule. The therapeutic
properties of the 5-A-TZD framework include
antidiabetic, anticancer, antibacterial, and Al effects
[68]. Additionally, the conservation of marine
ecosystems and adherence to ethical guidelines are
essential for preserving these valuable resources. Future
perspectives involve advanced techniques, such as
metagenomics and genome mining, to access the
untapped genetic potential of marine microorganisms.
These approaches enable the identification of
biosynthetic gene clusters encoding novel natural
products.  Furthermore,  collaboration  between
researchers,  biotechnological  companies, and
conservation organizations can facilitate the sustainable
development and commercialization of marine-derived
natural products.

Standardization and Quality Control:
Standardization of Natural Products: Standardization
involves establishing consistent and reproducible quality
parameters for natural products. It aims to ensure that
each batch of the product contains the same profile and
concentration of active compounds, facilitating reliable
efficacy and safety evaluations. By combining the
concentrations of the analyte and internal standard with
the targeted analytical solution and matrix at a consistent
concentration, as well as an external substance known as
an internal standard, a calibration standard curve is
produced [69].
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Botanical Identification: To maintain consistency, it is
crucial to accurately identify the plant species and plant
components utilised in the product. This is achieved
through botanical reference materials, taxonomic
expertise, and validated analytical techniques, such as
DNA barcoding or chromatography.

Active Compound Quantification: Determining the
concentration of active compounds, such as specific
phytochemicals or markers, provides a measure of
product potency and allows for consistent dosing [70].

Quality Parameters: Defining quality parameters, such
as microbial limits, heavy metal content, and pesticide
residues, helps ensure the safety and purity of the
product [71].

Quality Control in Natural Product Manufacturing:
Quality control measures are incorporated into every
step of the manufacturing process to monitor and verify
the quality of natural products. Strict criteria are
established for the selection and sourcing of raw
materials. This involves evaluating factors such as
geographic origin, cultivation practices, and harvesting
methods to ensure consistency and quality. Following
Good Manufacturing Practices (GMP) guidelines helps
ensure that manufacturing processes are carried out in a
controlled and standardized manner. This includes
proper documentation, facility cleanliness, equipment
calibration, and personnel training. Regular testing of
raw elements and finished products is essential to verify
their identity, purity, and potency [72]. High-
performance liquid chromatography (HPLC) or mass
spectrometry (MS), are used to quantify active
compounds and detect potential contaminants [73]. To
identify phytoconstituents, a Gas Chromatography-

Mass Spectroscopy (GC-MS) examination was also
carried out [74]. The LC-MS/MS approach is also
superior to other methods in several ways [71]. The
technique has been  successfully used for
pharmacokinetics and tissue distribution studies, where
it has proven to be sensitive and straightforward (75, 76).
GC-MS and LC-MS are utilized to identify volatile and
nonvolatile chemicals [77, 78]. Stability studies assess
the proOduct's shelf life and ensure that it maintains its
quality and efficacy over time, under specified storage
conditions. Natural product manufacturing is subject to
regulatory frameworks to ensure consumer safety and
product quality [79]. Regulatory bodies establish
guidelines and requirements for product registration,
labeling, and safety assessments. Good Agricultural and
Collection Practices (GACP) guidelines define the most
effective methods for cultivation, harvesting, and storing
medicinal plants to maintain their quality and minimize
contamination. GMP  guidelines  ensure that
manufacturers adhere to quality control standards,
proper documentation, and facility cleanliness.
Regulations dictate the information that must be
included on product labels, such as ingredients, dosage
instructions, and contraindications. Regulatory bodies
also oversee claims made regarding product efficacy and
safety. Monitoring the safety and adverse events
associated with natural products is crucial. Regulatory
agencies  require  manufacturers to  establish
pharmacovigilance systems to detect and report any
adverse reactions. Third-party certifications, such as
ISO (International Organization for Standardization) or
NSF International, provide additional assurance of
product quality and compliance with regulatory
standards. These certifications involve rigorous
assessments of manufacturing processes, quality control,
and adherence to safety guidelines.

Table 1: List of Inflammatory Markers with their gene, size of the marker and function

No Marker Gene Size Conserved In Functions Reference
Location
1 1L-18 11g23.1 22326 Da chimpanzee, PRO-I cytokine that [80]
protein Rhesus monkey, increases splenic NK cell
composed of dog, cow, and rat activity and triggers T-
193 amino helper type 1 cells to
acids produce IFN-Y.
2 I1L36 alpha/IL-1F6 2914 17684 Da chimpanzee, cytokine capable of
protein Rhesus monkey, inducing the activation of [81].
composed of cow, mouse, and rat NF-kB and MAPK
158 amino signalling pathways, hence
acids initiating an inflammatory
response.
3 1L-37 2q14 24126 Da Rhesus monkey, member of the interleukin
protein dog, and cow 1 cytokine family [82]
composed of
218 amino
acids
4 TNFSF11 (TNF 13q14.11 35478 Da human Associated with TNF
Superfamily Member protein receptor superfamily
11) containing 317 binding and cytokine [83]
amino acids activity
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5 TNFSF9 (TNF 19p13.3 26625 Da human Associated with TNF [84]
Superfamily Member protein receptor superfamily
9) containing 254 binding.
amino acids
6 TNFSF13B (TNF 13g33.3 31223 Da human Associated with TNF
Superfamily Member protein receptor superfamily
13b) containing 285 binding. [85]
amino acids
7 IFNAL (Interferon 9p21.3 21725 Da human produced by macrophages
Alpha 1) protein and has antiviral activities | [86]
composed of
189 amino
acids
8 IFNA10 (Interferon 9p21.3 21835 Da human related pathways of
Alpha 10) protein IFNA10 include all-trans-
composed of retinoic Acid Mediated [87]
189 amino Apoptosis and
acids Tuberculosis.
9 IFNA4 (Interferon 9p21.3 21808 Da human related pathways of IFNA4
Alpha 4) protein include all-trans-retinoic [88]
composed of Acid Mediated Apoptosis
189 amino and Tuberculosis.
acids
10 IL11 (Interleukin 11) 19q13.42 21429 Da human The receptor IL1a is
protein connected with a diverse [89]
composed of range of activities.
199 amino
acids
11 LEP (Leptin) 7932.1 18641 Da The conservation of secreted by white
protein this trait has been adipocytes into the [90]
composed of seen in several circulation and plays a
167 amino species, including major role in the regulation
acids chimpanzees, of energy homeostasis
Rhesus monkeys,
dogs, cows,
rodents.
12 IL6 (Interleukin 6) 7p15.3 23718 Da The conservation of regulates cell division.
protein this trait has been [91]
composed of seen in several
212 amino species, including
acids chimpanzees,
Rhesus monkeys,
dogs.
13 IL10 (Interleukin 10) 1g32.1 20517 Da Human inhibition of NF-kB
protein activity and its [92]
composed of involvement in the control
178 amino of the JAK-STAT
acids signalling pathway.
14 IL19 (Interleukin 19) 1g32.1 20452 Da The conservation of essential for the proper
protein this trait has been folding of the IL10 [93]
composed of seen in several monomer.
177 amino species, including
acids chimpanzees.
15 1L22 (Interleukin 22) 12q15 20011 Da The conservation of mediate cellular
protein this trait has been inflammatory responses
composed of seen in several [94]
179 amino species, including
acids chimpanzees.
16 TGF-p1 19q13.2 44341 Da Human related to protein
protein homodimerization activity | [95]
containing 390 and enzyme binding
amino acids
17 TGF-p2 1941 47748 Da Human related to protein
protein homodimerization activity | [96]
containing 414 and signaling receptor
amino acids binding
18 IFNATY (Interferon 9p21.3 22107 Da Human IFN-alpha has antiviral
Alpha 7) protein activities. IFNA7 is a [97]
composed of member of the interferon
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189 amino
acids.

family. Diseases such as
Acute Hemorrhagic
Conjunctivitis are
associated with IFNA7.
The related pathways of
IFNA7 include all-trans-
retinoic Acid Mediated
Apoptosis and
Tuberculosis.

19 TNFSF13 (TNF
Superfamily Member

13)

7433 Da
protein

17p13.1

amino acids.

containing 250

Human TNFSF13 protein is
ubiquitously expressed in
lung, gall bladder and
other tissues. TNFSF13 is
related to signaling
receptor binding and tumor
necrosis factor receptor
binding. TNFSF12-
TNFSF13 is an important
paralog of TNFSF13 gene.
TNFSF13 is associated
with some diseases,
including Brain
Glioblastoma Multiforme
and RA.

[98)

20 30759 Da
protein
composed of
270 amino

acids

IL33 (Interleukin 33,
also known as
DVS27)

9p24

chimpanzee, dog,
cow, mouse, and

The protein encoded by
this gene is a cytokine that
binds to the ILIRL1/ST2
receptor. 1L33 is a PRO-I
protein and a chromatin-
associated cytokine of the
IL1 family with high
sequence and structural
similarity to IL1 and IL18.

[99]
rat.

Atherosclerosis mediated inflammation followed by
hypertension and other CVDs:

Cardiovascular  disease represents a significant
contributor to global morbidity and mortality. According
to the American Heart Association, despite a decrease in
mortality rates, the burden and implications of this
disease persist as a serious threat to public health.
Humanity has derived substantial benefits from the
bioactive molecules derived from plant sources [100].
Atherosclerosis is a chronic and progressive
pathological disease characterised by the detrimental
effects on the intima, the induction of inflamed cells, the
accumulation of lipids, the process of calcification, and
the occurrence of plaque rupture [101]. Myeloid cells,
including monocytes and macrophages, as well as the
inhibition of Bcl6, which acts as an antagonist to NF-xB
is known to have a substantial influence in coordinating
the innate immune response that is accountable for the
progression of atherosclerosis. This condition is
characterized as a chronic inflammatory disease
affecting the arterial wall [102, 103]. Inflammation
indeed plays a crucial role as a mediator in various
processes that occur during the onset and progression of
atherosclerotic disease. The obstruction of coronary
blood flow can result sudden coronary atherosclerosis-
induced coronary trunk vasospasm, complex coronary
plaques, platelet thrombi formation over atherosclerotic
plaques, and coronary artery vasospasm. These
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circumstances can have adverse
Hypertension, in particular, can accelerate the
advancement of atherosclerosis through several
mechanisms. These include the induction of mechanical
injury to endothelial cells, increased permeability of
low-density lipoprotein (LDL) into the intima, and the
adhesion of monocytes to endothelial cells. The
activation of the AT1-subtype angiotensin Il receptor
stimulates the secretion of aldosterone by angiotensin 11,
which in turn contributes to the hypertensive effects
observed in these processes [104, 105]. In
hyperlipidemic mice, elevated plasma levels of
angiotensin Il, which is frequently found in hypertensive
(HTN) people, promote atherosclerosis and the
development of aortic aneurysms [106, 107].
Atherosclerosis within the coronary arteries results in an
imbalance between the demand for oxygen by the
myocardium and the supply of oxygen through coronary
blood flow. The presence of this imbalance leads to the
development of angina pectoris, a condition that causes
intermittent  discomfort ~ concentrated in  the
precordial area of the thoracic region. The sensation of
discomfort often occurs as a result of an elevation in the
cardiac workload. Angina serves as a recurring, warning
symptom  that precedes various  significant
cardiovascular events (108). In conventional therapy,
Ursodeoxycholic acid (UDCA) is utilized as a treatment
option. From a chemical standpoint, it is identified as 3-,

consequences.
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7-dihydroxy-5-cholan-24-oic acid. It serves to inhibit
endoplasmic reticulum (ER) stress and receptor for
advanced glycation end products (RAGE) signaling,
thereby offering protection against the development of
atherosclerosis  in  individuals  with  diabetic
atherosclerosis. By reducing levels of ER stress, RAGE,
and adhesion molecules, UDCA effectively prevents the
formation of atheromatous plaques (109, 110). The
release of adrenaline and noradrenaline by L-NAME
leads to increases in blood pressure, since these
substances have a beneficial effect on the contractility
and heart rate of the myocardium. L-NAME treatment
works by suppressing the activity of nitric oxide
synthase (NOS), leading to a decrease in the presence of
vasodilatory NO and facilitating vasoconstriction.
Consequently, this process culminates in an elevation in
systolic blood pressure. The activation of soluble
guanylyl cyclase by NO results in the synthesis of cyclic
guanosine monophosphate (cGMP). Additionally, the
oxidation of nitric oxide gives rise to the formation of
plasma nitrite (35). Heart and kidney hypertrophy was
brought on by L-NAME, which also quadrupled plasma
lipid peroxidation but markedly decreased plasma nitrite
and glutathione concentrations (108). In severe
concentric and eccentric left ventricular hypertrophy, the
QT corrected interval and QT dispersion increased (111).
However, Bazett's formula,( QTc = QT / RR), can be
used to calculate QT corrected (112, 113). Previously it
was discussed that TLRs facilitate inflammatory signals
through various pro-inflammatory cytokines and
mediators  (27). Atherosclerosis is primarily a
pathological condition involving inflammation, which is
characterised by an intricate interaction of several
inflammatory indicators. While these markers hold
significance in patients with CAD who possess
conventional cardiovascular risk factors, their impact on
CAD patients devoid of these conventional risk factors
remains uncertain (114).

The disturbance of cardiomyocyte homeostasis was seen
when there was an increase in the severity or duration of
endoplasmic reticulum (ER) stress. This disruption
resulted in a decrease in cardiomyocyte proliferation and
an increase in apoptosis and fibrosis (115). Herbal
medicines are now recognized as a better and safer
option. The use of herbal medicines in medicine dates
back almost as far as human civilization, and the
traditional system of medicine has identified more than
a thousand different herbs for the treatment of different
cardiovascular issues (116). An aromatic alkaloid
known as CSS-CTF Il was identified in an Indian skin
extract obtained from the common murrel fish (Channa
striatus L.). This compound was found to be toxic to
male Swiss albino mice, with a lethal dose (LDso) of 42.5
mg/kg when administered intravenously. When
introduced into the bloodstream of cats, CSS-CTF Il led
to a drop in blood pressure, resulting in hypotension.
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Further investigation into the cardiotoxic potential of
CSS-CTF 1l was conducted using isolated guinea pig
hearts. This research revealed that CSS-CTF Il induced
a reduction in both heart rate and contraction amplitude,
leading to an irreversible blockage. Additionally, when
applied to a single guinea pig ear, CSS-CTF Il caused a
decrease in both the amplitude and frequency of
contractions, ultimately resulting in an intractable
blockage. These observations collectively suggest that
CSS-CTF ll-induced cardiotoxicity may arise from the
inhibition of cardiac impulses (117).

Delivery of natural products:

The kingdom of plants serves as a valuable reservoir of
natural goods, facilitating the identification of various
pharmaceuticals and the advancement of intricate
polymers, alongside the synthesis of little drug-like
compounds [118]. Marine creatures, fungi, bacteria, and
invertebrates (such as insects and reptiles) are some
other natural sources [119]. Drug delivery is the process
of transporting a medicinal material to a specified site
and releasing it there at a certain rate. In recent times,
there has been a notable surge in the utilization of
delivery methods for the purpose of dispensing drugs
aimed at addressing a diverse range of diseases. This
trend has yielded considerable advancements and
positive outcomes. Both tiny and big molecules,
including peptides, nucleic acids, polymers, and
therapeutic agents that are poorly water-soluble, can be
delivered by means of drug delivery systems [120]. It
has been successful to employ a variety of distribution
techniques. The category of inorganic nanoparticles
encompasses several types, including carbon nanotubes,
quantum dots, metal-based and silica nanoparticles
[121]. The most studied polymeric nanoparticles for use
in conjunction with natural products include liposomes
and poly (lactic-co-glycolic acid. Due to their
biocompatibility, biodegradability, and simplicity of
functionalization, the former are the most often
employed [122]. Additionally, components have been
stabilized and therapeutic action has been increased
using drug delivery methods[123]. To enhance the
beneficial effects of Artemisia arborescens essential oil
against Herpes simplex virus type 1, Sinico et al. used
multilamellar liposomes. It was shown that the
application of oil resulted in an augmentation of the
plant's active components' ability to penetrate the
cytoplasmic viral barrier, thereby leading to an increase
in in vitro activity (124). Compounds that are discovered
to be physiologically active are frequently also highly
water soluble, have limited absorption, and, in certain
situations, can have high molecular weight, such
flavonoids, tannins, and terpenoids. Consequently, upon
in vivo evaluation, these entities exhibit limited ability
to efficiently cross lipid membranes, resulting in
inadequate absorption and diminished biological
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efficacy (125). Additionally, Flammulina velutipes
sterols have been improved in terms of bioavailability
and biodistribution using a micelle-based delivery
strategy (126). Considerable advancements have been
made in the application of drug-delivery technologies to
the delivery of biotherapeutics. This approach offers

potential benefits in expediting the initiation of
therapeutic  intervention and  facilitating  the
administration of biomolecules by non-invasive

methods, as opposed to intravenous delivery (127). For
example, inhalation ~ treatment  can  deliver
biotherapeutics like growth hormone, glucagon, or 1-
antitrypsin efficiently with the use of a suitable delivery
mechanism (128). By protecting and lengthening the
half-lives of highly degradable substances like peptides
and proteins, drug delivery techniques can be employed
to improve their pharmacokinetics. The administration
of insulin via non-invasive oral or inhalation methods is
a significant development. The best way to administer
insulin is orally since it will reach the liver, which is

where insulin acts most effectively (129). The
requirement to develop therapeutic molecules of a
constant quality is the fundamental difficulty in dealing
with mushrooms. These include the challenge of
growing mushrooms, the need for appropriate
manufacturing practices in cultivation techniques, and
the development of reliable techniques for isolating,
purifying, identifying, and evaluating bioactive
chemicals in order to clarify their modes of action (130).
The absence of standards in this field of study is the
biggest issue, and it has reduced the number of clinical
studies that can be conducted. An area of potential
relevance is around powerful naturally occurring
antibiotics that have limited practicality owing to the
difficulties connected with their insolubility. Novel
synthesis techniques are required for these antibiotics in
order to improve their bioavailability. Additionally, the
use of methods of delivery is necessary to optimise
targeting and minimise the development of antibiotic
resistance (131).

Table 2: Represents various drug delivery approaches for different phytomolecules.

Phytochemicals Pharmacological action Delivery approaches Pharmacological Outcome Ref.
CUR Antineoplastic and Liposomes and Long systemic residence time and [132] [133]
antioxidant phytosomes high entrapment efficiency
Quercetin Anticongestion and Liposomes To enhance effectiveness, optimize [133]
antianxiety bioavailability, and mitigate adverse
effects
Glycyrrhizic acid IMM Nanoparticles To enhance blood circulation to the [134]
brain and metabolism
Wogonin Anticancer Liposomes To extend the duration of activity [135]
Embelin Antifertility and Phytosomes To increase solubility [136]
antibacterial
Curcumin Al Micropellatization to facilitate the controlled and [137]
prolonged release
Role of Ministry of AYUSH/India in promoting formulations such as Haridra Khanda and

traditional system of medicine

The Ministry of AYUSH has been actively promoting
research in traditional medicinal systems, specifically
Ayurveda, Unani, Siddha, and Homoeopathy. This
support involves allocating significant funding to
various universities and research centers for research
projects. Recently, the Department of Pharmaceutical
Technology at Jadavpur University received a project
grant focused on conducting research into the
pharmacological properties and formulation
optimization of Khamira Gozaban Sada (KGS). This
traditional remedy contains Borago officinalis Linn. as
its primary component and is traditionally used for its
cardiotonic properties and in the treatment of
palpitations.  Additionally, the Department of
Pharmaceutical Technology at Jadavpur University is
also exploring Dawa-ul-Misk Motadil, another Unani
formulation. Furthermore, research is also being
conducted at the Department of Pharmaceutical
Technology at Jadavpur University on Ayurvedic
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Mahamanjisthadi Kwatham.

Conclusion:

Natural products offer a vast repertoire of bioactive
compounds with significant potential in managing
inflammatory conditions. These naturally occurring
substances provide potential therapeutic interventions
for inflammatory illnesses such as IBD, RA,
cardiovascular diseases, and dermatological disorders
by modulating inflammatory mediators and signalling
pathways. The future of inflammatory pharmacology
lies in the exploration of synergistic combinations, the
discovery of novel natural product sources, the
establishment of standardized quality control measures
and novel drug delivery. By harnessing the power of
natural products, we can unlock nature's arsenal and
develop effective interventions to combat chronic
inflammation, improving the lives of millions affected
by inflammatory disorders.
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