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Abstract: Medicinal plants and their secondary metabolites are increasingly used-as complementary
medicines for the treatment of various diseases. Many synthetic anti-inflammatory drugs are associated
with significant side effects and toxicity. In contrast, plant-derived anti-inflammatory agents have been
traditionally used to manage inflammation with minimal adverse effects. Inflammation is a biological
response in which the body's white blood cells and their mediators protect against infections caused by
external pathogens such as bacteria and viruses. This review highlights various medicinal plants, their
active constituents, and their role in combating inflammation. Additionally, it discusses previous research
studies supporting their anti-inflammatory potential. The review concludes that herbal remedies are natural,
safe, eco-friendly, and generally free from side effects. As modern lifestyles become increasingly detached
from nature and technology-driven, there is a pressing need to promote the use of herbal medicine for better
health and well-being.

Keywords: Anti-inflammatory agents, Inflammation, Medicinal plants, Secondary metabolites, Herbal
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I. INTRODUCTION

Inflammation is a fundamental defense mechanism of the body, playing a crucial role in protecting against
infections, injuries, and harmful stimuli. However, dysregulated and prolonged inflammatory responses
are widely recognized as underlying factors in numerous chronic disorders, including cardiovascular
diseases, metabolic syndrome, cancer, and autoimmune conditions. These conditions impose a significant
economic burden on individuals and society. Chronic inflammation has been implicated in the onset and
progression of various pathologies, such as cardiovascular diseases and cancer.

Medicinal plants have demonstrated diverse biological activities and have been traditionally used for the
management of inflammatory conditions. Currently, inflammatory disorders are primarily treated using
non-steroidal anti-inflammatory drugs (NSAIDs) and corticosteroids. Although these modern drugs
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provide symptomatic relief, their long-term use is often associated with adverse effects and limitations in
efficacy.

Macrophages, present in various tissues, play a central role in regulating inflammation by producing large
amounts of pro-inflammatory cytokines such as interleukin (IL)-1, IL-6, and tumor necrosis factor-alpha
(TNF-a), along with inflammatory mediators including reactive oxygen species (ROS), nitric oxide (NO),
and prostaglandin E2 (PGE2). These mediators are synthesized by key enzymes such as inducible nitric
oxide synthase (iNOS) and cyclooxygenase-2 (COX-2). An excessive or uncontrolled production of these
cytokines and mediators can lead to cytotoxicity, inflammation, autoimmune disorders, and neoplastic
transformations in inflamed tissues. Therefore, suppressing their overproduction is a crucial target for the
treatment of inflammation-related diseases.

Inflammation can be classified into two types: acute and chronic. Acute inflammation is the body's
immediate response to harmful stimuli, characterized by the increased movement of plasma and leukocytes
from the bloodstream to the affected tissues. This process involves complex biochemical events that
activate the local vascular system, immune response, and various cellular mechanisms at the injury site. In
contrast, chronic inflammation is a prolonged condition marked by the infiltration of mononuclear cells
and a continuous cycle of tissue destruction and repair. Persistent inflammation can contribute to the
development of several chronic diseases, highlighting the need for effective and safer therapeutic
alternatives.

Il. THE ARTICLE PROVIDES A COMPREHENSIVE REVIEW OF VARIOUS MEDICINAL
PLANTS, HIGHLIGHTING THEIR PHYTOCHEMICAL CONSTITUENTS, MECHANISMS
OF ACTION, AND PREVIOUS STUDIES ON THEIR ANTI-INFLAMMATORY PROPERTIES.

A. Matricaria chamomilla: Anti-inflammatory Properties

The flowers of Matricaria chamomilla (chamomile) contain 1-2% volatile oils, including a-bisabolol, a-
bisabolol oxides A and B, and matricin, which exhibit significant anti-inflammatory properties. Studies
have shown that chamomile flavonoids and essential oils penetrate deep into the skin, making them
effective as topical anti-inflammatory agents.

Fig. No. 1: Matricaria chamomilla

One of chamomile’s key mechanisms of anti-inflammatory action involves the inhibition of
lipopolysaccharide (LPS)-induced prostaglandin E2 (PGE2) release and suppression of cyclooxygenase-2
(COX-2) enzyme activity. Notably, this inhibition does not affect the constitutive form of COX, thereby
reducing inflammation while minimizing leukocyte infiltration.

In vivo studies have further demonstrated chamomile's anti-inflammatory efficacy. In one study, the plant’s
anti-inflammatory activity was evaluated in intact rats by measuring the suppression of carrageenan-
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induced paw edema. The administration of an 80% ethanol extract at one-tenth of the intraperitoneal LD50
dose resulted in significant anti-inflammatory effects.

Additionally, the immunomodulatory potential of Matricaria chamomilla has been investigated.
Intragastric and parenteral administration of chamomile-derived heteropolysaccharides was found to
modulate immune responses under different cooling conditions. Specifically, these polysaccharides helped
normalize immune function following air cooling and enhanced (though not completely normalized)
immune responses after immersion cooling. The immunostimulatory effects of chamomile were attributed
to the activation of regulatory immune cells in peripheral blood, increased sensitivity of effector cells to
helper signals, and the stimulation of heavy erythrocytes with immunostimulating properties.

These findings highlight the potential of Matricaria chamomilla as a natural anti-inflammatory and
immunomodulatory agent, supporting its traditional use in herbal medicine.

B. Arnica montana: Anti-inflammatory Properties

Arnica montana has been used for centuries in homeopathic medicine for the treatment of various
pathological conditions, including contusions, wounds, rheumatism, and inflammation. The flowers of A.
montana are particularly valued for their medicinal properties, exhibiting antiphlogistic, inotropic,
antibiotic, anti-inflammatory, immunomodulatory, antiplatelet, uterotonic, antirheumatic, and analgesic
effects, especially in febrile conditions.

The anti-inflammatory potential of A. montana has been well established. Extracts (3—30%) blended with
therapeutic agents such as camphor, menthol, eucalyptus oil, mint oil, guaifenesin, topical analgesics, non-
steroidal anti-inflammatory drugs (NSAIDs), or transdermal opioid analgesics—when incorporated into a
petroleum base or pluronic lecithin organogel—have been shown to reduce inflammation. Furthermore, A.
montana, in combination with medicinal plants such as Ruta graveolens, Aconitum napellus, Bellis
perennis, Hamamelis virginiana, Hypericum perforatum, Calendula officinalis, Ledum palustre, and
Bryonia alba, has demonstrated efficacy in inflammation management.

Fig. No. 2: Arnica montana

Various analytical techniques, including gas chromatography with mass selective detection (GC-MSD),
spectrophotometry, reverse-phase liquid chromatography (RPLC), and proton nuclear magnetic resonance
(*H NMR) spectroscopy, have been employed to quantify the presence of lactones in A. montana.

The molecular mechanism of A. montana's anti-inflammatory activity differs from that of NSAIDs.
According to Huber et al. (2011), sesquiterpene lactones present in A. montana significantly reduce NF-
kB-mediated inflammation, penetrating the skin efficiently to exert their effects. In experimental studies,
A. montana 6C significantly reduced carrageenan- and nystatin-induced rat paw edema, inhibiting
histamine-induced inflammation while enhancing vascular permeability. Additionally, injections of A.
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montana 6C, dexamethasone, or a 5% hydroalcoholic solution in Wistar rats demonstrated potent anti-
inflammatory activity. These treated rats exhibited reduced edema, decreased mast cell degranulation, and
an increase in lymphatic vessel diameter, indicating A. montana's role in modulating the inflammatory
response.

These findings highlight Arnica montana as a promising natural anti-inflammatory agent with potential
applications in both topical and systemic treatments.

C. Aristolochia indica

The Aristolochia genus (family: Aristolochiaceae) includes several medicinal plants, with Aristolochia
indica (Indian Birthwort) being a perennial climber found across Indian plains and low hills. Its roots
contain a variety of bioactive compounds, including aristolindiquinone, ristololide, cepharadione,
aristolactams, B-sitosterol-f-D-glucoside, and aristolochene.

Aristolochia indica is traditionally used to treat cholera, fever, bowel disorders, ulcers, leprosy, and
venomous bites. It is also recognized for its emmenagogue, abortifacient, antineoplastic, antiseptic, anti-
inflammatory, antibacterial, antioxidant, and phospholipase A2 inhibitory activities. Its leaves and bark are
used in the management of intermittent fever, while ethnomedical applications highlight its role in
antitumor, antibacterial, and antimicrobial treatments.

Fig. No.3: Aristolochia indica

Studies indicate that Aristolochia indica inhibits a-amylase and a-glucosidase enzymes, with maximum
inhibition rates of 60.12% at 300 pg/ml and 57.28% at 400 pg/ml, respectively. The plant also plays a role
in immunomodulation, influencing prostaglandin synthesis and inhibiting phospholipase A2 activity,
thereby reducing eicosanoid and platelet-activating factor production. Another mechanism involves the
regulation of arachidonic acid mobilization in human neutrophils, further contributing to its anti-
inflammatory effects.

Aristolochia indica has also been studied for its ability to neutralize rattlesnake venom (Samy et al., 2008).
A study by Das et al. (2010) evaluated the plant’s anti-inflammatory and analgesic activity against
Heteropneustes fossilis (catfish) venom in rats. The dried extract demonstrated significant analgesic
activity, with an LD50 of 40 mg/kg (oral) and 29 mg/kg (intravenous), highlighting its potential as an
antidote for venomous stings.

D. Curcuma longa: Anti-inflammatory Properties of Curcumin

Curcumin, the active compound in Curcuma longa, is a highly pleiotropic molecule known for its
interaction with multiple molecular targets involved in inflammation. It modulates inflammatory responses
by downregulating the activity of cyclooxygenase-2 (COX-2), lipoxygenase, and inducible nitric oxide
synthase (INOS) enzymes. Additionally, curcumin inhibits the production of key pro-inflammatory
cytokines, including tumor necrosis factor-alpha (TNF-a), interleukins (IL-1, IL-2, IL-6, IL-8, and IL-12),
monocyte chemoattractant protein (MCP), and migration inhibitory protein. It also downregulates mitogen-
activated protein kinases (MAPKSs) and Janus kinases.
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One of curcumin’s primary mechanisms of action is the suppression of nuclear factor kappa B (NF-kB)
activation and the inhibition of pro-inflammatory gene expression. It achieves this by blocking the
phosphorylation of inhibitory kappa B kinase (IxB), leading to decreased expression of COX-2 and iNOS,
thereby suppressing the inflammatory process and tumorigenesis.
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Fig. No.4: Curcuma longa

Curcumin further inhibits inflammatory cytokines through multiple pathways. In vitro studies suggest that
it regulates transcription factors such as activating protein-1 (AP-1) and NF-kB in stimulated monocytes
and alveolar macrophages, thereby preventing the expression of pro-inflammatory genes. Another
mechanism involves the downregulation of intercellular signaling proteins, such as protein kinase C,
contributing to reduced cytokine production.

E. Rosmarinus officinalis: Anti-inflammatory and Therapeutic Properties

The essential oil of Rosmarinus officinalis primarily consists of camphor, 1,8-cineole, a-pinene, borneol,
camphene, B-pinene, and limonene, with their proportions varying based on vegetative stage and
environmental conditions.

In an open-label clinical trial, rosemary extract was evaluated for its effects on patients with osteoarthritis
(OA), rheumatoid arthritis (RA), and fibromyalgia over a four-week period. A significant reduction in high-
sensitivity C-reactive protein (hs-CRP), a marker of inflammation, was observed in patients with elevated
levels. Moreover, a decrease in inflammation-related pain scores was noted, though complete remission
was not achieved in fibromyalgia cases.

Fig. No. 5: Rosmarinus officinalis

Rosemary extract has also demonstrated gastroprotective effects, showing greater efficacy than omeprazole
in protecting against gastric ulcers. This benefit is attributed to its ability to inhibit neutrophil infiltration
and reduce pro-inflammatory mediators such as tumor necrosis factor-alpha (TNF-a) and interleukin-1 (IL-
1).
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The anti-inflammatory properties of R. officinalis extract and its active compound, rosmarinic acid, have
been further studied through the assessment of spinal inflammatory markers, including cyclooxygenase-2
(COX-2), prostaglandin E2 (PGE-2), interleukin-1 beta (IL-1f), and matrix metallopeptidase 2 (MMP-2),
using western blot analysis. Additionally, nitric oxide (NO) production was evaluated through the Griess
reaction at days 7 and 14 post-surgery.

Studies indicate that dietary administration of rosemary essential oil influences experimental inflammatory
models in murine subjects, with effects varying according to concentration. However, the
immunomodulatory properties of rosemary extracts require further investigation. The anti-inflammatory
effects of rosemary essential oil should be interpreted with caution due to its potential dose-dependent
contradictions.

F. Urtica dioica: Anti-inflammatory Properties and Pharmacological Potential

Urtica dioica (stinging nettle) contains a diverse range of bioactive compounds, including flavonoids,
tannins, volatile compounds, fatty acids, polysaccharides, isolectins, sterols, terpenes, proteins, vitamins,
and minerals. These constituents contribute to its well-documented anti-inflammatory properties.

Pharmacological studies support the traditional use of U. dioica in managing pain and inflammatory
conditions. The plant contains multiple anti-inflammatory compounds that influence key pathways,
including the inhibition of cyclooxygenase (COX) and lipoxygenase (LOX) enzymes, which are central to
the inflammatory response. Additionally, U. dioica modulates cytokine secretion, further contributing to
its therapeutic potential.

Fig. No. 6: Urtica dioica

Experimental studies using animal models have demonstrated significant anti-inflammatory effects of U.
dioica. In one study, its extract exhibited dose-dependent inhibition of acute paw edema induced by
formalin, highlighting its efficacy in reducing inflammation. These findings suggest that U. dioica may
serve as a natural anti-inflammatory agent, warranting further investigation for clinical applications.

G. Zingiber officinale: Anti-inflammatory Potential and Clinical Applications

Zingiber officinale (ginger) is widely recognized for its anti-emetic properties, but it has also been used as
an anti-inflammatory agent since ancient times. The bioactive compounds responsible for its anti-
inflammatory effects include gingerols and essential oils. Notably, crude extracts containing both gingerols
and essential oils exhibit a more potent effect in reducing joint swelling than gingerols alone.
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Fig. No. 7: Zingiber officinale

Preclinical and clinical studies suggest that Z. officinale exerts anti-inflammatory activity through multiple
mechanisms. It modulates inflammatory pathways by inhibiting cyclooxygenase (COX) and lipoxygenase
(LOX) enzymes, reducing pro-inflammatory cytokine production, and suppressing oxidative stress.

Safety evaluations indicate that Z. officinale is well tolerated, even at high doses, without toxic effects. In
clinical studies involving patients with rheumatoid arthritis (RA) and osteoarthritis (OA), regular
consumption of powdered ginger over a period ranging from three months to 2.5 years led to a reduction
in pain and inflammation in approximately 75% of patients, with no reported adverse effects. These
findings support the potential of Z. officinale as a natural anti-inflammatory agent for managing chronic
inflammatory conditions.

H. Olea europaea: Anti-inflammatory Properties and Clinical Applications

The olive tree (Olea europaea L.) is primarily cultivated in the Mediterranean region, accounting for
approximately 98% of global production. Phytochemical investigations have identified several bioactive
compounds in O. europaea, including oleuropein, hydroxytyrosol, verbascoside, flavonoids, secoiridoids,
triterpenes, and bio-phenols. These compounds exhibit significant anti-inflammatory properties.

A standardized olive leaf extract (Xorialyc®) has been evaluated for its anti-inflammatory action in
comparison to other similar extracts. Oleuropein, a key bioactive constituent, has demonstrated potent anti-
inflammatory effects, particularly in spinal cord injury models. In a study conducted on mice, oleuropein
(administered at 20 mg/kg body weight) reduced inflammation when given immediately or within one hour
post-injury. The pro-inflammatory cytokines TNF-a and IL-1B, which are synthesized immediately after
spinal cord trauma and contribute to increased vascular permeability and inflammatory cell recruitment,
were significantly modulated by oleuropein. Additionally, the extract inhibited the induction of inducible
nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2), key mediators in inflammatory pathways.

Fig. No. 8: Olea europaea
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These findings suggest that Olea europaea and its active compounds hold promise as natural anti-
inflammatory agents, particularly for managing inflammatory conditions and traumatic injuries. Further
research is needed to explore its full therapeutic potential and optimize dosing strategies for clinical
applications.

I. Ribes glaciale: Phytochemical Composition and Pharmacological Activities

Ribes glaciale extract is a rich source of bioactive compounds, including 2,2-azino-bis (3-
ethylbenzothiazoline-6-sulfonic acid), 1,1-diphenyl-2-picrylhydrazyl (DPPH), flavonoids,
pyranoanthocyanins, phenolic acids, and nitrile groups. These constituents contribute to its significant anti-
inflammatory and analgesic properties.

Fig. No. 9: Ribes glaciale

Anti-inflammatory and Analgesic Evaluation
The pharmacological potential of Ribes glaciale was assessed using the following experimental models:

o Carrageenan-Induced Rat Paw Edema Model: This model was used to evaluate the anti-
inflammatory activity of the extract by measuring its ability to reduce paw swelling in rats.

o Acetic Acid-Induced Writhing Model: The analgesic effect was determined based on the
reduction in writhing responses caused by acetic acid in experimental animals.

Phytochemical and Antioxidant Assays

e A 500 pL sample of the extract was appropriately diluted and mixed with 1 mL of 5% sodium nitrite
(NaNOy). After standing for 6 minutes, I mL of 10% aluminum chloride (AlCls) and 10 mL of 1 M
sodium hydroxide (NaOH) were added. The final volume was adjusted to 25 mL with 70% ethanol
and allowed to react for 15 minutes. The absorbance was recorded at 510 nm using 70% ethanol as
a blank.

« For antioxidant activity assessment, extract concentrations ranging from 50-500 pg/mL were
prepared in 1 mL of alcohol and mixed with 2.5 mL of phosphate buffer (0.2 M, pH 6.6) and 2.5
mL of 1% potassium ferricyanide. The mixture was incubated at 50°C for 20 minutes, followed by
the addition of 2.5 mL of 10% trichloroacetic acid. After centrifugation, 2.5 mL of the supernatant
was mixed with an equal volume of distilled water and 0.5 mL of 0.1% ferric chloride (FeCls). The
absorbance was measured at 700 nm.

J. Centipeda minima: Traditional Uses and Pharmacological Potential

Centipeda minima has been widely used in traditional medicine for centuries to treat various ailments.
More than 100 secondary metabolites have been identified from this plant, including terpenoids,
flavonoids, monophenols, fatty acids, amides, and other bioactive compounds. Among these, sesquiterpene
lactones are particularly abundant, both in C. minima and other species within the Centipeda genus. These
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phytochemicals contribute to a range of pharmacological activities, including anti-cancer, antibacterial,
anti-allergic, antiviral, anti-inflammatory, and hepatoprotective effects.

Fig. No. 9: Centipeda minima

Phytochemical Constituents

The key bioactive compounds isolated from Centipeda minima include:

Flavonoids: 7,4-di-O-methyldihydrokaempferol, iristectorin-A, tricine
Amino acids: 2-amino-3-phenyl-propionic acid

Chromones: 4-amino-4-carboxychroman-2-one

Sesquiterpenes: Arnicolide D

Anti-inflammatory and Anti-arthritic Activity

The anti-inflammatory potential of C. minima was assessed using a carrageenan-induced paw edema model
in rats. The methodology involved:

o Preparation and Administration:

« Animals were fasted for 24 hours before the experiment but had free access to water.

e A 1% carrageenan suspension in saline (50 uL) was prepared and injected into the plantar
side of the right hind paw of each rat.

e A herbal gel formulation containing C. minima extract (0.2 g) was applied to the affected
area by gently rubbing 50 times with the index finger.

« The control group received only the plain gel base, while a standard group was treated with
a 1% C. minima gel (0.2 g) in the same manner.

« Drug application occurred 1 hour before the carrageenan injection.

e Measurement of Paw Edema:
« Paw volume was measured using a plethysmometer immediately after carrageenan injection
and subsequently at 1, 2, 3, and 4-hour intervals.

I11. CONCLUSION:

The rise of allopathic medicine led to a decline in interest in traditional medicinal preparations. However,
in recent years, a significant shift has occurred, drawing renewed attention to herbal medicine. This
resurgence is primarily driven by the high costs associated with modern drug development, the extensive
time and resources required for clinical trials, the severe side effects of many pharmaceutical drugs, and
the increasing resistance of microorganisms and parasites to conventional treatments.

As a result, researchers are increasingly exploring plant-based traditional medicine, particularly in the field
of anti-inflammatory therapies. Inflammatory diseases, such as rheumatoid arthritis, are prevalent in both
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developed and developing nations, yet the drugs used to manage these conditions often come with serious
adverse effects. Several plant-derived compounds, including curcumin, resveratrol, baicalein, boswellic
acid, betulinic acid, ursolic acid, and oleanolic acid, are currently being investigated for their potential as
future anti-inflammatory drugs.

This review aims to assist current and future researchers in identifying medicinal plants with anti-
inflammatory properties, from which active compounds can be isolated using advanced separation
techniques. Such research may lead to the discovery of novel bioactive molecules with therapeutic potential
against inflammatory disorders. Most studies suggest that the anti-inflammatory effects of medicinal plants
are linked to the inhibition of cyclooxygenase (COX) enzymes, thereby reducing prostaglandin synthesis.
However, further in-depth research is needed to elucidate the precise mechanisms of action and optimize
their clinical applications.
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