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INTRODUCTION

The pharmaceutical industry currently faces unprecedented 
drug discovery challenges as research and development is 
becoming more expensive and the number of  new drugs 
entering the market continues to remain low. The average 
cost of  developing a new drug has risen to US $1.3 billion. 
Due to the toxic and adverse side effects of  synthetic drugs 
traditional herbal medicine has the potential as a source 
of  new bioactive molecules.[1]

In India, Western Ghats is a major biodiversity hotspot 
along the Western coast covering an area of  159,000 sq 
km. It is a niche for 4500-15,000 plant species.[2] Several 
of  them are endemic to this region and many of  them have 
been identified to have potential medicinal value. Due to 
over exploitation several species are also categorized as 
threatened.[3,4] Plants like lemon grass (Cymbopogon Citratus), 

patchouli (Pogostemon cablin), wild yam (Dioscorea spp.) and 
the lemon grass (Vetiver spp.) originated in this area. Rauvolfia 
serpentine, Saraca asoca, Gymnema sylvestre, Gloriosa superb, Strycnos 
nux-vomica, Myristica malabarica, Garcinia indica, Utleria salicifolia, 
Coscinium fenestratum and Vateria indica are included in the 
International Union for Conservation of  Nature (IUCN) 
Red List.

Documentation of  traditional medicinal plants and remedies 
is becoming increasingly important. The key efforts to 
document the diversity of  Western Ghats include threatened 
endemic tree species of  the Western Ghats;[5,6] Flora of  
Karnataka;[7] Sasya Sahyadri released by ATREE;[8] 
SAHYADRI: Western Ghats Biodiversity Information 
System (database of  Western Ghats flora and Fauna and 
Critical Ecosystem Partnership Funded Ecosystem profile 
of  Western Ghats and Sri Lanka Biodiversity hotspot (www.
cepf.net; cepf@conservation.org). In this article the 
medicinal plants with anti-inflammatory activity has been 
compiled.

INFLAMMATION

Inflammation is a part of  the complex biological response 
of  vascular tissues to harmful stimuli, such as pathogens, 
damaged cells or irritants. It is characterized by redness, 
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second carbon in the glycerol backbone. It is subsequently 
metabolized by COX and LOX. The COX-1 is constitutively 
expressed and produces PGs involved in basic housekeeping 
for normal functioning of  the body. The COX-2 is inducible 
and expressed in response to cytokines, mitogens and 
endotoxins.[14]

Chronic Inflammation
In chronic inflammation, the inflammatory response is out 
of  proportion resulting in damage to the body. The different 
types of  allergies and many autoimmune diseases viz, 
asthma, rheumatoid arthritis, multiple sclerosis and systemic 
lupus erythematosus are a few examples.

Cell signaling network
The cell signaling network that mediates the inflammatory 
response is very well documented. Lipopolysaccharide (LPS) 
initially bind to the LPS-binding protein in the plasma. It 
can also interact with transmembrane signal transduction 
receptor TLR-4[15]. Multiple mammalian receptors for LPS 
have been identified such as b2-integrins CD11/CD18, the 
macrophage scavenger receptor for acetylated LDL, 
L-selectin and the most important CD14. LPS activates a 
number of  intracellular signaling pathways, including IkB 
kinase-nuclear factor kB (NFkB) pathway and three 
mitogen-activated protein kinase pathways[16,17]. These 
pathways phosphorylate and activate various transcription 
factors, including NFkB/Rel proteins, activator protein 1 
(AP-1) and nuclear factor-IL-6 (NF-IL6). This initiates a 
rapid gene induction and expression of  inflammatory 
mediators as discussed above[18]. Inflammatory marker 
enzymes such inducible nitric oxide synthase (iNOS), 
cyclooxygenases (COX) -1, -2; 5-lipoxygenase (LOX) and 
matrix metalloproteinase (MMP)-9 and adhesion molecules 
are expressed[19].

Animal models
Inflammation research involves a number of  experimental 
models that can be broadly classified into two types: acute 
inflammatory models and chronic inflammatory models.
[20] Acute models are designed to test drugs modulating 
erythema, changes in vascular permeability, leukocyte 
migration, measurement of  local pain, local analgesic action 
and rat paw edema.[21] Chronic models are designed to find 
drugs modulating disease process induced by sponge, pellet 
implants, granuloma pouches and adjuvant induced 
arthritis.‌[20]

ANTI-INFLAMMATORY ACTIVITY

NSAIDS
Inflammation is currently regularly treated by non-steroidal 
anti-inflammatory drugs (NSAIDS). The NSAIDs achieve 
their effect by blocking the activity of  COX involved in 

swollen joint that is warm to touch, joint pain, its stiffness 
and loss of  joint function. Inflammation is either acute or 
chronic. Under specific circumstance, it could turn into a 
chronic state and subsequently become a causative factor 
in the pathogenesis. Inflammation is a self-defense reaction 
in its first phase, hence regarded as the main therapeutic 
target and often, the best choice to treat the disease and 
alleviate the symptoms.

Acute inflammation
Acute inflammation may be an initial response of  the body 
to harmful stimuli. An increased movement of  plasma and 
leukocytes, especially granulocytes from the blood into the 
injured tissues is observed. A cascade of  biochemical events 
propagates and matures the inflammatory response, 
involving the local vascular system, the immune system 
and various cells within the injured tissue.

Mast cells in the tissues, the key players of  inflammation, are 
loaded with mediators of  inflammatory response. When their 
toll-like receptors interact with pathogen associated molecular 
patterns these cells discharge the chemical mediators recruiting 
white blood cells to the site of  inflammation. These include 
neutrophils, monocytes (that become macrophages when 
they leave the blood and enter the tissue), antigen-presenting 
dendritic cells, lymphocytes (B cells and T cells leading to an 
adaptive immune response) and natural killer cells.

The Inflammatory response stimulates release of  TNF-α 
from stimulated mast cells[9]. Other cells involved in 
inflammation have receptors for TNF-α.[10] They are 
activated by the binding of  TNF-α. Activation of  these 
recruited cells produces their own mediators of  inflammation. 
This positive feedback quickly amplifies the response. 
Phagocytes (macrophages and neutrophils) produce reactive 
oxygen species (ROS). Macrophages and activated platelets 
release interleukin (IL)-1, a cytokine. IL-1 causes fever by 
stimulating the release of  prostaglandins (PGs), which act 
on the temperature control center of  the hypothalamus[11]. 
IL-1 is synthesized from a larger precursor that is cleaved 
by a caspase-1. Caspase-1 is part of  two (or more) multi-
protein complexes in the cytosol of  macrophages and 
neutrophils that are called inflammasomes[12]. Inflammasomes 
are activated by several different products produced by 
invading bacteria that interact with toll-like receptors (TLRs) 
thus providing a link between the innate immune system 
and inflammation. Chemical mediators such as histamine 
and bradykinin induce the production of  PGs and 
leukotrienes with a role to potentiate the plasma exudation[13]. 
These potent mediators of  inflammation are derivatives 
of  arachidonic acid (AA), a 20-carbon unsaturated fatty 
acid produced from membrane phospholipids.

Arachidonic acid released from membrane phospholipids 
is catalyzed by phospholipase A2 (PLA2) esterified at the 
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The anti-inflammatory effect of  Abruquinone A was found 
to be partly via prevention of  vascular permeability and 
inhibition of  platelet aggregation[30]. It could influence the 
release of  chemical mediators from mast cells in vitro and 
to suppress plasma extravasation caused by these chemical 
mediators in vivo.[30]

Acacia catechu L: A. catechu (known as grar) is used as a 
cure for rabies in traditional medicine in Asia. This activity 
was attributed to catechin, a natural flavonoid isolated from 
A. catechu[31]. It was tested for COX-2 and 5-LOX inhibition 
via enzyme, cellular, and in vivo models. Catechin inhibited 
both ovine COX-1 and COX-2 at IC50 of  15mg/mL[32]. In 
in vivo studies, human osteosarcoma cells expressing COX-
2 showed decreased production of  PGE2

[31]. It could also 
inhibit leukotriene production in human cell lines viz., 
immortalized THP-1 monocyte and HT-29 colorectal 
adenocarcinoma.[31] A. catechu flavans (epicatechin, quercetin, 
catechin) with reported anti-inflammatory activity had dual 
specificity for inhibiting COX-2 and 5-LOX experimented 
in air pouch model created on the back of  Balb/C mice.‌[33,34]

Alstonia scholaris (L.): Three main alkaloids, picrinine, 
vallesamine and scholaricine from A. scholaris leaf  produced 
anti-inflammatory and analgesic effect. In in vitro tests, 
alkaloids inhibited inflammatory mediators viz., COX-1, 
COX-2 and 5-LOX[35]. Further indole alkaloids, 16-formyl-
5a-methoxystrictamine, picralinal, and tubotaiwine isolated 
from this plant exhibited COX-2/5-LOX dual inhibition. 
They reduced inflammatory symptoms in xylene-induced 
ear edema and carrageenan-induced air pouch inflammatory 
model in mice.[36]

Andrographis paniculata Wall: A. paniculata (commonly 
known as Kaalmegha) was reported to exhibit analgesic, 
anti-pyretic and anti-inflammatory effect[37]. Bioactivity-
guided chromatographic fractionation was applied to identify 
bioactives with anti-inflammatory activity. Eight pure 
compounds viz., 5-hydroxy-7,8-dimethoxyflavone, 
5-hydroxy-7,8-dimethoxyflavanone, a mix of  beta-sitosterol 
and stigmasterol, ergosterol peroxide, 14-deoxy-14,15-
dehydroandrographolide, a new compound, 19-O-acetyl-
14-deoxy-11,12-didehydroandrographolide, 14-deoxy-11,12-
didehydroandrographolide and andrographolide were 
identified[38]. They were analyzed for anti-inflammatory 
activity in in vitro studies using RAW 264.7 (Mouse leukaemic 
monocyte macrophage cell line) stimulated for inflammatory 
response by LPS/interferon (IFN)-g[39]. A significant 
decrease in the levels of  NFkB mRNA by compounds 5, 
11, 12, decreased levels of  tumor necrosis factor (TNF)-a, 
IL-6, MIP-2 and nitric oxide (NO) by all the compounds 
was recorded.[40,41]

Artocarpus heterophyllus Lam: A. heterophyllus is a large 
evergreen tree cultivated throughout Southeast Asia for its 

blocking PGs secretion resulting in reduced fever and pain 
of  inflammation[22]. However, prolonged use of  NSAIDS 
results in side effect viz., a tendency to develop side effects 
due to inhibition of  constitutive COX-1 as well COX-2 
induced during inflammation. Specific COX-2 inhibitors 
viz., rofecoxib and celecoxib have been also used as drugs. 
Unfortunately these drugs cause increased risk of  blood 
clot resulting in heart attacks and strokes as they do not 
block the synthesis of  thromboxane A2 by platelets which 
contain only COX-1[23].

Natural products
Phytomedicine could be in the form of  crude preparations 
(extracts, tinctures, essential oils) containing a wide variety 
of  compounds or could be pure molecules with a strong 
and specific activity. Identification of  chemical compounds 
and the molecular targets of  these compounds helps validate 
the use of  these medicines. Plant extracts or their constituents 
are responsible for the protective effect with powerful 
antioxidant capacity and protective properties.

Plant-derived bioactives
Chemical compounds from plants have been screened for 
their capacity to modulate the expression of  pro-inflammatory 
signals thereby assessing their capacity as anti-inflammatory 
agents. Polyphenols, flavonoids, terpenes, quinines, 
catechins,  alkaloids and antioxidants are phytochemical 
compounds targeted for anti-inflammatory activity. Potent 
anti-inflammatory plant compounds include guggulsterone 
[4,17(20)-pregnadiene-3,16-dione], a plant sterol from 
Commiphora mukul,[24,25] boswellic acid, a pentacyclic triterpenic 
acid and its derivatives viz., acetyl-b-boswellic acid, 11-keto-
b-boswellic acid and acetyl-11-keto-b-boswellic acid,[26,27] 
curcumin from turmeric, resveratrol from red grape seeds, 
genistein from Soy, quercetin (onions), silymarin (artichoke), 
withanolides (Ashwagandha), tea polyphenols, cranberries and 
peanuts[25]. The mechanism of  anti-inflammatory activity 
for these bioactives was identified by inhibition of  NF-kB 
activation and down-regulating the expression of  inflammatory 
marker enzymes viz., COX-2, 5-LOX and MMP-9[25].

Vast resources of  medicinal plants with anti-inflammatory 
activities are reported needs further attention. The aim of  
this review is to compile and present this information on 
medicinal plants (Table 1) and report the pharmacological 
targets in inflammatory reaction (Figure 1) for the bioactives 
(Figure 2) reported from them.

Promising plant sources of anti-inflammatory 
bioactives
Abrus precatorius L: Abruquinone A is a naturally occurring 
isoflavoquinone. It was originally isolated from the roots 
of  A. precatorius (family Leguminosae).[28] The roots of  
A. precatorius have been used as a folk medicine for dieresis, 
treatment of  fever, sore throat, bronchitis and hepatitis[29]. 
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Sl. 
No

Plant name Phytochemical isolated Therapeutic targets

1. Abrus precatorius Linn.

Family - Fabaceae

CN/AN -Crab’s eye, Gunjaa

Abruquinone A ↓plasma extravasation [30]

2. Acacia catechu (Linn. f.)Willd

Family - Mimosaceae

CN/AN - Catechu, Khadira 

Epicatechin, quercetin, catechin ↓COX-2, ↓LOX [33, 34]

3. Aegle marmelos (L.) Corr.

Family – Rutaceae

CN/AN - Bael tree, Bilva

Petroleum ether fraction ↓NFkB, ↓AP-1, ↓CREB [72]

4. Aglaia elaeagnoidea Benth.*

Synonyms - Aglaia roxburghiana Miq. 
Hiern Benth.;

Family - Meliaceae

CN/AN – Priyangu

Roxburghiadiol A and B ↓COX-2 [78]

5. Alstonia scholaris (L.) R. Br.

Synonym- Echites scholaris (Linn.).

Family- Apocynaceae

CN/AN - Devil’s tree, Saptaparna

Picrinine, vallesamine, scholaricine, 
16-formyl-5a-methoxystrictamine, picracinal, 
tubotaiwine

↓COX-1, ↓COX-2, ↓ 5-LOX [35,36]

6. Andrographis paniculata Wall.

Synonyms - Justicia latebrosa Russ.,

Family - Acanthaceae

CN/AN - Creat, Kaalmegha

5-hydroxy-7,8-dimethoxyflavone (1), 
5-hydroxy-7,8-dimethoxyflavanone (2),

beta-sitosterol (3a) and stigmasterol (3b), 
ergosterol peroxide (4),

14-deoxy-14,15-dehydroandrographolide 
(5), a new compound, 19-O-acetyl-14-
deoxy-11,12-didehydroandrographolide 
(6a); 14 – deoxy - 
11,12-didehydroandrographolide (7) and

andrographolide (8)

Compounds 1-8 - ↓TNF a, 
↓macrophage inflammatory protein 
(MIP)–2, ↓NO and ↓IL-6;

Compounds 5, 11, 12 - ↓NFkB [40, 41]

7. Artocarpus hirsutus Lam.*

Synonym - Artocarpus hirsuta Lam.

Family – Moraceae

Artocarpesin ↓iNOS, ↓NO, ↓COX-2 [43, 44, 45]

8. Bacopa monnieri (L.) Penn.

Synonyms- Gratiola monnieria L.
Herpestes monnieria (L.) Kunth

Family- Scrophulariaceae

CN/AN - Thyme-leaved Gratiola, 
Braahmi

Methanol extract ↓COX-2, ↓5-LOX, ↓15-LOX ↓TNF-a 
[79]

9. Bauhinia variegata Linn.

Synonyms- Phanera variegata (L.) 
Benth.;

Family – Caesalpiniaceae

CN/AN -Mountain Ebony, Kaanchanaara

Ombuin, kaempferol 3-O-β-d-
glucopyranoside, isorhamnetin 3-O-β-d-
glucopyranoside

↓LPS, ↓IFN-g, ↓NO, ↓cytokines [46]

10.  Berberis tinctoria Lesch.

Family -Berberidaceae

Berberine ↓NFkB, ↓IL-1, ↓IL-8, ↓COX-2; 
↓androgenic platelet a -2 receptor [80]

11. Biophytum sensitivum DC.

Synonym – Oxalis sensitiva Linn.

Family – Oxalidaceae

CN/AN -Lajjaalu 

Amentoflavone ↓COX-1, ↓COX-2, ↓NFkB [48] 

Table 1: Therapeutic targets for phytochemicals with anti-inflammatory activity isolated from medicinal plants

Continued... 
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Sl. 
No

Plant name Phytochemical isolated Therapeutic targets

12. Boswellia serrata Roxb.

Family - Burseraceae

CN/AN -Indian Frankincense, Shallaki

Boswellic acids, 3-O-acetyl-11-keto-b-
boswellic acid (AKBA)

↓5LOX [81]

↓NFkB, ↓LOX ↑p42 MAPK, ↑p38 
MAPK [25]

13. Butea monosperma (Lam.) Taub.

Synonym - Butea frondosa Koenig
ex Roxb.

Family – Fabaceae

CN/AN -Flame of  the forest, Paalasha 

Isobutrin, butrin, butein

Isobutrin

 TNF-a, IL-6, IL-8, ↓NFkB

↓IkBα, ↓IKK;

↓NFkBp65 [53]

14. Caesalpinia sappan Linn.

Synonym - Biancaea sappan Todaro

Family – Caesalpiniaceae

CN/AN -Sappan, Pattanga

Methanolic extract ↓PGE2, ↓NO, ↓iNOS [82]

15. Celastrus paniculatus Willd.

Synonym- Celastrus dependens Wall.

Family-Celastraceae

CN/AN - Jyotishmati

Methanolic extract ↓COX-1 [83]

16. Centella asiatica (Linn.) Urban

Synonym - Hydrocotyle asiatica L.

Family - Apiaceae

CN/AN -Asiatic Pennywort, 
Manduukaparni	

Asiaticoside, terminoloside, madecassoside  ↓iNOS [84]

17. Cyperus rotundus Linn.

Synonyms- Chlorocyperus rotundus (L.) 
Palla, Pycreus rotundus (L.) Hayek

Family- Cyperaceae

CN/AN - Nut Grass, Musta

Sesquiterpenes -β -selinene, isocurcumenol, 
nootkatone and aristolone, triterpene-
oleanolic acid

↓ iNOS [85]

18. Eclipta prostrata Roxb.

Synonym - Eclipta alba (L.) Hassk.

Family - Asteraceae

CN/AN - Trailing Eclipta Plant, 
Bhringaraaja

Methanolic extract ↓LOX [86]

19. Embelia ribes Burm. f.

Family - Myrsinaceae

CN/AN - Embelia, Vidanga

Embelin and its 2, 5-isobutylmine salts ↓NFkB, ↓TNF-a, ↓ COX-2, ↑apoptosis 
[55]

20. Ficus benghalensis Linn.

Family - Moraceae

CN/AN - Banyan tree, Vata

Aqueous extract ↓SOD, ↓ iNOS [87]

21. Garcinia indica (Thouars) Choisy*

Synonym - Garcinia purpurea Roxb.

Family - Clusiaceae

CN/AN - Kokam Butter tree, Vrkshaamla

Garcinol and its derivatives ↓cPLA2, ↓ERK1/2 kinase; ↓iNOS, 
↓JAK / STAT-1, ↓NFkB, ↓p38 MAPK, 
↓COX-2, ↓5LOX, ↓HAT [60, 61]

22. Gloriosa superba Linn.

Family - Liliaceae

CN/AN - Glory Lily, Laangali

Extracts ↓5-LOX [88]

23. Morinda citrifolia Linn.

Synonym - Morinda bracteata Roxb.

Family - Rubiaceae

CN/AN - Indian Mulberry, Ashyuka

Extracts ↓5-LOX, ↓15-LOX, ↓COX-1, ↓COX-2, 
↓IL-1b, ↓IL-6, ↓TNF-a [89, 90]

Table 1: Continued
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down-regulation of  iNOS and COX-2 protein expressions 
in LPS-activated RAW 264.7 murine macrophage cells.[45]

Bauhinia variegata L: Six flavonoids, namely kaempferol, 
ombuin, kaempferol 7,4′-dimethyl ether 3-O-β-d-
glucopyranoside, kaempferol 3-O-β-d-glucopyranoside, 
isorhamnetin 3-O-β-d-glucopyranoside and hesperidin, 

fruits. Its leaves and roots have been used for medicinal 
purposes. Three phenolic compounds viz., artocarpesin 
[5,7,2’,4’-tetrahydroxy-6-(3-methylbut-3-enyl) flavone][42] , 
norartocarpetin (5,7,2’,4’-tetrahydroxyflavone) and 
oxyresveratrol [trans-2,4,3’,5’-tetrahydroxystilbene] were 
reported[43,44]. Among them, artocarpesin suppressed the 
LPS-induced production of  NO and PGE2 through the 

Sl. 
No

Plant name Phytochemical isolated Therapeutic targets

24. Myristica fragrans Houtt

Family - Myristicaceae

CN/AN - Nutmeg, Jaatiphala

Macelignan ↓iNOS, ↓TNF-a, ↓COX-2 [64]

25. Phyllanthus amarus Schum. & Thonn.

Family - Euphorbiaceae

CN/AN - Bhuumyaamalaki

Ethanolic/water, hexane extracts ↓NFkB; ↓iNOS; ↓COX-2 [91]

26. Phyllanthus emblica Linn.

Synonyms - Embelica officinalis Gaertn.

Family - Euphorbiaceae

Gallic acid, methyl gallate, corilagin, furosin, 
geraniin 

↓COX-2, ↓iNOS [72]

27. Pterocarpus marsupium Roxb.

Family - Fabaceae

Indian Kino Tree, Asana

Extract ↓COX-2 [66]

28. Rubia cordifolia Linn.

Synonym - Rubia munjesta Roxb.

Family - Rubiaceae

CN/AN - Indian Madder, Manjishthaa

Extract ↓iNOS, ↓NO [92]

29. Saraca asoca (Roxb.) De Wilde

Synonym - Saraca indica auct. non L.

Family - Caesalpiniaceae

CN/AN - Ashoka tree, Ashoka

Extract ↓NFkB, ↓AP-1, ↓CREB [72]

30. Semecarpus anacardium Linn. f.

Family - Anacardiaceae

CN/AN - Marking Nut, Bhallaataka

Anacardoside ↓NFkB, ↓COX-2, ↓TNF-a [70]

31. Sida cordifolia Linn

Family- Malvaceae

CN/AN - Country Mallow, Balaa

5′-Hydroxymethyl-1′-(1,2,3,9-tetrahydro-
pyrrolo [2,1-b] quinazolin-1-yl)-heptan-1-one

↓COX-2 [93]

32. Terminalia arjuna (Roxb.) W. & A.

Family - Combretaceae

CN/AN - Arjun Terminalia, Arjuna 

 Extract ↓NFkB, ↓GATA, ↓AP-1, ↓CREB [72]

33. Terminalia chebula Retz.

Family - Combretaceae

CN/AN - ChebulicMyrobalan, Haritaki

Chebulagic acid

Padma 28 [74, 75]

↓ COX-2, ↓ LOX, ↓NFkB [72]

↓iNOS [75]

34. Tribulus terrestris Linn.

Family - Zygophyllaceae

CN/AN - Land-Caltrops, Gokshura

Extract ↓COX-2, ↓iNOS, ↓NFkB [73]

35. Woodfordia fruiticosa Kurz.

Synonym - Woodfordia floribunda 
Salisb.

Family - Lythraceae

CN/AN - Fire-flame Bush, Dhaataki

 Methanol and water extract ↓5-LOX [94]

* = Endemic to Western Ghats; CN/AN = Common names/ Ayurvedic names
↓= inhibited/downregulated
↑= improved activity/upregulated
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Figure 2: Chemical structure for a few therapeutically active bioactive with anti-inflammatory property.

κB

Figure 1: Phytochemicals isolated from medicinal plants exhibiting inhibitory activity at various sites in inflammatory pathway blocking inflammation/
swelling
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stimuli such as IL-1b, LPS, phorbol myristate acetate, 
okadaic acid, H2O2 and cigarette smoke condensate. A 
sequential inhibition of  the TNF-a induced activation of  
the inhibitory subunit of  NFkB, the IaBa kinase, IaBa 
phosphorylation, IaBa degradation and p65 phosphorylation 
and nuclear translocation were reported. Embelin also 
suppressed NFkB-dependent reporter gene transcription 
induced by TNF a, TNF receptor-1 (TNFR1), TNFR1-
associated domain protein, TNFR-associated factor-2, 
NFkB-inducing kinase and IaBa kinase, down-regulate 
gene products involved in cell survival, proliferation, invasion 
and metastasis of  the tumor. Down-regulation was associated 
with enhanced apoptosis by cytokine and chemotherapeutic 
agents.[55]

Garcinia indica (Thouars) Choisy: Garcinia indica extracts, 
especially from the rind, are rich in polyisoprenylated 
benzophenone derivatives such as garcinol[56]. Garcinol 
shows strong antioxidant activity which has been credited 
to both phenolic hydroxyl groups as well as a β-diketone 
moiety[57,58]. The effects of  garcinol was associated with 
lowered concentrations of  intracellular ROS, significant 
inhibition of  5-LOX and microsomal PGE2 synthase 
(mPGES)-1 in cell-free assays[59]. Cell line studies recorded 
significant inhibition of  COX-1 enzyme and as well as 
thromboxane B2 production by human platelets.[60,61]

Myristica fragrans Houtt: Macelignan was isolated from 
M. fragrans[62]. It exhibited potent anti-inflammatory activity 
in vitro in microglial cells[63]. One of  the important features 
in neurodegenerative disease was the failure to regulate 
oxidative stress and inflammation[63]. Macelignan could 
suppress COX-2 and iNOS expression in microglial cells 
activated by LPS. A subsequent reduction of  NO and 
significant suppression of  pro-inflammatory cytokine 
TNF-a and IL-6 was recorded.[64]

Pterocarpus marsupium Roxb: Pterostilbene was identified 
as an active principle of  P. marsupium (PM) extract with 
potent anti-inflammatory activity[65]. A decreased PGE2 
production indicated specific COX-2 inhibition in LPS-
stimulated human peripheral blood mononuclear cells with 
IC50 of  approximately 1.0mM[66]. A short term human trial 
did not identify abnormal blood cell counts or blood 
chemistry. The authors suggest the need for clinical studies 
using the PM extract to corroborate the in vitro observed 
inhibitory activity on PGE2 production in order to resolve 
the potential use of  PM extract in inflammatory disorders 
and/or inflammatory pain.[67]

Semecarpus anacardium Linn: S. anacardium extract 
showed a remarkable scavenging capacity of  nitrate/nitrite 
radicals[68]. Flavonoids viz., semicarpol and bhilawanol in 
the nuts inhibited acute tuberculin reaction in inflammatory 
sensitized rats with a decreased level of  arthritic condition.‌[69] 

together with one triterpene caffeate, 3β-trans-(3,4-
dihydroxycinnamoyloxy)olean-12-en-28-oic acid were 
isolated from the non-woody aerial parts of  B. variegata[46]. 
All the seven compounds were tested in LPS/IFN-g induced 
macrophages. These compounds inhibited LPS and IFN-g 
induced NO and cytokines (TNF-a and IL-12) production 
all of  which play a crucial role in inflammation.[46]

Biophytum sensitivum DC: Amentoflavone, a biflavonoid 
with anti-inflammatory activity isolated from B. sensitivum, 
downregulated COX-2 expression in TNFα-activated A549 
cells with concomitant inhibition of  NF-kB mediated 
signaling cascades[47]. Amentoflavone inhibited NF-kB/
DNA binding activity with inhibition of  degradation of  
IkBα and NF-kB translocation into nucleus in TNFα-
activated A549 cells[48]. It may be of  therapeutic value for 
several lung diseases where COX-2 plays an important role.‌[48]

Boswellia serrata Roxb: Frankincense, the gum resin of  
B. serrata and B. carterii has been used for the treatment of  
inflammatory diseases in the traditional medicine in many 
countries. Boswellic acid (BA), which belong to the ursane 
type pentacyclic triterpene saponines was identified as the 
active principle[49]. It could inhibit leukotriene biosynthesis 
in intact cells.[25,50] Boswellic acid and its derivatives acetyl-
b-boswellic acid, 11-keto-b-boswellic acid and acetyl-11-
keto-b-boswellic acid have been extensively studied[51]. In 
vitro, BAs selectively blocked the leukotriene, IL-12 and 
IL-6 generation down regulating NFkB activation.[25] In 
animal models of  inflammation, BA has been shown to 
be an effective adjuvant mitigating BSA-induced arthritis.‌[25]

Butea monosperma (Lam.) Taub: Butea monosperma is a 
well known medicinal plant in India used to treat cuts, 
wounds and skin diseases[52]. Anti-inflammatory activity 
was credited to the presence of  polyphenols- butrin, 
isobutrin, isocoreopsin and butein[53]. All these polyphenols 
could significantly reduce the phorbol 12-myristate 
13-acetate and calcium ionophore A23187 induced 
inflammatory response in HMC-1 human mast cells[53]. 
The anti-inflammatory potential was measured through 
decreased production of  TNF-α, IL-6 and IL-8 in HMC-
1 cells mediated by inhibiting the activation of  NF-kB. In 
addition, isobutrin was most potent in suppressing the 
NF-kB p65 activation by inhibiting IkBα-degradation, 
whereas butrin and butein were relatively less effective. 
Kinase activity assay revealed that isobutrin was a potent 
inhibitor of  IKK (Inhibitor Kappa B Kinase) activity.[53]

Embelia ribes Burm.: Embelin, identified primarily from 
E. ribes, exhibited chemopreventive, anti-inflammatory and 
apoptotic activities[54]. Embelin inhibited IL-1, IL-6, TNF-a 
binding TNF receptor (TNFR) and activation of  NFkB[55]. 
Embelin could also down regulate both inducible and 
constitutive NFkB activation when stimulated by diverse 
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effects on several experimental models of  inflammatory, 
autoimmune diabetes and autoimmune encephalomyelitis[74]. 
In humans, PADMA-28 attenuated the symptoms associated 
with atherosclerotic patients.[75]

Limbrel, a herbal composition of  flavonoids, from Scutellaria 
baicalensis and Acacia catechu was developed as metabolic 
therapy for osteoarthritis[76]. Flavocoxid, a proprietary blend 
of  natural flavonoid ingredients, was recognized as safe 
meeting Generally Recognized As Safe (GRAS) status[77]. 
This proprietary formulation alleviated osteoarthritis 
symptoms inhibited COX-2 and LOX pathways[77]. It is a 
unique form traditional NSAIDs or strict COX-2 inhibitors 
as Limbrel had a very low side-effect in patients who have 
taken this prescription product.[77]

CONCLUSION

Several plants are promising as sources of  anti-inflammatory 
drug targets. Inflammation is a pathological condition 
mediated through production of  PGE2 from arachidonic 
acid (AA) generated by enzyme system PG synthetase, a 
complex enzyme including COX-2. Another group of  
compounds eliciting inflammatory condition are leukotrienes 
which are derived directly from AA by enzymatic action 
of  lipoxygenase (LOX). The inflammatory response is 
controlled by the master regulator NFkB. Medicinal plants 
viz., Andrographis paniculata, Biophytum sensitivum, Boswellia 
serrata, Butea monosperma, Embelia ribes, Terminalia chebula and 
Tribulus terrestries have the reported ability to down regulate 
NFkB activation. Acacia catechu, Alstonia scholaris, Artocarpus 
hirsutus, Bacopa monnieri and Myristica fragrans have reported 
COX-2 inhibitory activity. Further Acacia catechu, Alstonia 
scholaris, Bacopa monnieri and Garcinia indica have LOX 
inhibitory activity. Thus validating traditional application 
could provide sources of  new, effective and safe drugs.
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