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ABSTRACT

Many synthetic drugs reported to be used for the treatment of inflammatory disorders are of least interest now a days due
to their potential side effects and serious adverse effects and as they are found to be highly unsafe for human assistance.
Since the last few decades, herbal drugs have regained their popularity in treatment against several human ailments. Herbals
containing anti-inflammatory activity (AlA) are topics of immense interest due to the absence of several problems in them,
which are associated with synthetic preparations. The primary objective of this review is to provide a deep overview of
the recently explored anti-inflammatory agents belonging to various classes of phytoconstituents like alkaloids, glycosides,
terpenoids, steroids, polyphenolic compounds, and also the compounds isolated from plants of marine origin, algae and
fungi. Also, it enlists a distended view on potential interactions between herbals and synthetic preparations, related adverse
effects and clinical trials done on herbals for exploring their AIA. The basic aim of this review is to give updated knowledge
regarding plants which will be valuable for the scientists working in the field of anti-inflammatory natural chemistry.
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INTRODUCTION life threatening.™ Hence, proper representative measures are
to be taken against it. In brief, inflammations are generally of

The word “inflammation”, derived from the latin word two types: acute inflammation and chronic inflammation. The

“inflammare”, (to set on fire), is a complex biological process pathological changes, causes, mediators and threat observed in

including several chemical mediators which are induced by acute and chronic inflammations are enlisted in Table 1.

vascular tissue of the body, when it comes in contact with

several harmful stimuli like pollens, irritants, pathogens, and

damaged cells. It provides a protective comeback that helps %

in healing of tissues. Sometimes, inflammation seems to Stress

produce events that are quite serious and become chronic like

occurrence of rheumatoid arthritis and hay fever which may be Trauma l ; anury
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Figure 1: Overview of inflammation process and synthesis of mediators
of inflammation like prostaglandins, prostacyclins and leukotrienes
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Table 1: Brief account on types of inflammation

Type of inflammation = Causative agents

Important mediators

Major cells involved Duration of occurrence

Acute inflammation
(short lasting)
Chronic (long lasting)
inflammation

Pathogens, injured tissues
neutrophils
Non-degradable
pathogens, persistent
foreign bodies, or by

autoimmune reactions fibroblasts

Monocytes, macrophages,

Mononuclear cells
(monocytes, macrophages,
lymphocytes, plasma cells),

Vasoactive amines,
eicosanoids
Reactive oxygen
species, hydrolytic
enzymes, cytokines,
growth factors, IFN-y

Few days

From months to years

Inflammations are generally characterized by certain regular
events such as redness, swelling, heat, pain, and at certain
times lead to exudation and loss of function. The process of
inflammation involves several events and mediators which are
potent chemical substances found in the body tissues, such
as prostaglnadins, leukotrienes, prostacyclins, lymphokines,
and chemokines like interferon-oa (IFN-o), vy, interleukin (IL)-
1, IL-8, histamine, 5-hydroxytryptamine (5-HT), and tissue
necrosis factor-a [Figure 1].P These mediators produce several
chemical pathways and events to evoke a complementary
response against external stimuli. Studies show that in a very
few cases, inflammations are tolerable; but in almost 99%
of cases, inflammations seem to be severe and intolerable,
and if not treated properly with initial first aid along with
proper diagnosis and drug therapy, they may lead to loss of
life. Examples of some diseases where inflammations are
quite harmful include asthma, rheumatoid arthritis, vasculitis,
and glomerulonephritis.[**! Hence, drug therapy used against
inflammation must be satisfactory enough to decrease its
severity. Till date, synthetic drugs have been used widely to
treat inflammations and related diseases in a fastrack way.
But according to various clinical studies, these synthetic
molecules are no longer safer. Reports suggest almost 90%
of the drugs used against inflammation produce drug related
toxicities, iatrogenic reactions, and adverse effects complicating
the treatment process.”® Hence, a shift in the area of anti-
inflammatory treatment has been observed from the use of
synthetics to natural therapy. Various disorders born out of
inflammation are enlisted briefly in Table 2.

Anti-inflammatory drugs of synthetic origin are classified as
steroidal and nonsteroidal anti-inflammatory agents. The origin
of these chemical compounds started when salicylates were
isolated from leaf extract of willow bark Salix alba and were
potentially used by the people of North America in 200 BC
and regarded as first generation anti-inflammatory agents.”
Following this first anti-inflammatory agent, acetyl salicylic acid
was synthesized and, likewise, other synthetic compounds
came into existence thereof. Examples of such agents include
propionic acid derivatives like ibuprofen, flurbiprofen, naproxen;
anthranalic acid derivatives like mephenamic acid, oxicam
derivative piroxicam, pyrrole, indole; and pyrrazolone derivatives
like ketorolac, indomethacin, and phenylbutazone."” The second-
and third-generation compounds with preferential and selective
cyclooxygenase (COX2) inhibitory activities, like nimesulide,
nabumetone, celocoxib, rofecoxib, valdecoxib, etoricoxib,
wete discovered. Apart from the nonsteroidal drugs, various
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Table 2: Brief account on anti-inflammatory
agents having potential drug related toxic effects
Name of the drug  Drug related toxic effects

Aspirin Gastric irritation, bleeding

Diclofenac sodium  Epigastric pain, kidney damage

Ibuprofen Gastric erosion

Nimesulide Fulminant hepatic failure

Rofecoxib Cardiovascular risk (myocardial infarction)

Mephenamic acid
Phenylbutazone
Corticosteroids

Diarrhea, bleeding, hemolytic anaemia
Epigastric distress, ulceration

Weakens host defense mechanism,
tuberculosis

corticosteroids such as hydrocortisone, betamethasone, and
beclomethasone which are primarily used as anti-inflammatory
agents. Like nonsteroidal anti-inflammatory drugs (NSAIDs),
the steroidal agents ate also found to have several adverse
effects that include hirsutism, Cushing’ habitus, hypersensitivity
reactions, peptic ulceration, hyperglycemia, osteoporosis, and
immunodeficiency related problems.

In a study conducted by World Health Organization (WHO),
none of these compounds were found to be safer, as they are
associated with a series of unacceptable findings like drug-related
or drug-induced toxic effects, and cause harmful adverse effects
and secondary effects on long-term use.""™ Some common
side effects of these synthetic drugs include gastric irritation,
ulceration, bleeding, renal failure, interstitial nephritis, hepatic
failure, headache, thrombocytopenia, hemolytic anaemia, asthma
exacerbation, skin rashes, angioedema, and pruritis. Hence, this
approach for treatment of inflammatory diseases by herbal drugs
has keen interest to the researchers. From the study made globally,
it has been known that the market for use of herbal drugs in the
treatment of inflammatory diseases constitutes 83% worldwide
and is expected to reach a value of around more than 95% in
the forthcoming years due to increased acceptability of these
preparations.+!7

The field in which plant-based anti-inflamatory agents are
being explored as a potential alternative tool in this era of
21st century has given rise to several varieties of beneficial
compounds isolated from plants. These include the substances
belonging to various classes of phytopharmaceuticals like
alkaloids, glycosides, terpenoids, polysaccharides, flavonoids,
phenolic compounds, cannabinoids, steroids, fatty acids,
plant extracts and agents derived from marine organisms, and
terrestrial plants.
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PHYTOCONSTITUENTS RESPONSIBLE FOR ANTI-
INFLAMMATORY ACTIVITY

Alkaloids

Alkaloids are the basic nitrogenous compounds shown to have
marked physiological action when given in low concentration.
The important plant families containg alkaloids responsible
for anti-inflammatory activities (AIAs) include Solanaceae,
Leguminosae, Apocynaceae, Liliaceae, Papaveraceae, Rutaceae,
and Ranunculaceae.

One of the most promising compounds is tetrandine, which
is chemically a bisbenzylisoquinoline alkaloid natural analogue
of berbamine [Figure 2], and is extracted from the tuberous
roots of creeper Stephania tetrandra S. Moore (Menispermaceae).
It is used for the treatment of rheumatic diseases and is also
efficacious in silicosis associated with inhibition of collagen
synthesis, inhibits neutrophil and monocyte locomotion and
lymphocyte transformation. Its AIAs are due to inhibition
of both COX and lipooxygenase (LOX) pathways of
inflammation. Like tetradine, berbamine is also found to have
significantly greater inhibitory activity on prostaglandin E,
(PGE,) generation, with stronger inhibitory effects on natural-
killer cell population. Tetrandine also suppresses the release and
activity of inflammatory cytokines, lipid mediators, histamine
as well as has an inhibitory capacity on monocytes to produce
tumor necrosis factor (INF)-o. Thus, tetrandrine is found as
a prototypic tool compound for the development of new class

of anti-inflammatory agents.'!”!

Extract of Buxus papillosa (Buxaceae) is specially used in
rheumatism and skin diseases. Likewise, the extracts of Buxus
senzpervirens, used as a folk medicine in Turkey, have now regained
potential interest for their anti-inflammatory action.”**! The
ethanolic extract of Adbatoda vasica has prominent activity
against inflammations in cotton pellet induced granuloma
model of inflammation.” Similatly, a report by Rajput ez 4,
on the alcoholic and aqueous extracts of the same plant also
shows the extracts to have a considerable dose-dependent AIA
against several animal models of inflammation.®!

Newer alkaloids isolated from the extract of Sida cordifolia
(Malvaceae) have shown high value of AIA when tested in several
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Figure 2: Bisbenzylisoquinoline alkaloid derivatives with anti-
inflammatory activity-
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animal models like acetic acid induced writhing model, tail-flick
latency in radiant heat tail-flick method in mice, and carrageenan-
induced rat paw edema.”" In Table 3, recent updates of several
other alkaloids having prominent AIA are enlisted.

Glycosides

Like alkaloids, glycosides also possess potential AIA. These
are found indigenously in the following families: LLeguminosae,
Scrophulariaceae, Polygonaceae, Solanaceae, and Myrsinaceae.

Gomes and coworkers reported that the glycosidal fraction
isolated from the leaves of Muesa chisia (Myrsinaceae) have
profound pharmacological properties for curing inflammation.
The activity was found to be mainly due to the aglycone
tetrahydroxy triterpene of the oleanene series present in
its glycosidal fraction. Similarly, M. chisin is shown to have
ATA resembling that of synthetic compounds like aspirin,
phenylbutazone, indomethacin, in several animal models like
carrageenan-induced pedal edema in rat, cotton pellet granuloma,
formaldehyde-induced arthritis, and Freund’s complete adjuvant
induced polyarthritis.”! Akin to this, glycosides isolated from
Harpagophytum procumbens (Pedaliaceae), a perennial herb
indigenous to South Africa, were evaluated for their prominent
ATA in carrageenan-induced pedal edema.?

Organic extract isolated from the aerial parts of Hypericum
perforatum and Hypericum reflexcum (Hypericaceae) using solvents
like chloroform, methanol with subsequent fractionation, when
examined for AIA showed significant restrain of acetic acid
induced writhing in mice and formalin-induced pain, tail-flick
test in rats.”

In addition to this, the phenolic glycosides isolated from the
bark of Hydnocarpus annamensis were found to contain significant
inflammation restraining components in its extract under
spectroscopic studies. They were likely to be phenolic glycosides
Tand I1.*

Similarly, profound research done on hexane and ethyl acetate
fractions of the methanol extract of Dystaenia takeshimana
(Umbelliferae) showed significant COX2, 5-lipoxygenase (5-
LOX), prostaglandin D, (PGD,) and leukotriene C, (LTC,)
inhibitory activity when examined in mouse bone marrow-
derived mast cells. The spectroscopic and nuclear magnetic
resonance (NMR) studies concluded that the probable
constituents responsible for such activity may be coumarins,
phenethyl alcohol derivatives, and two major steroidal principles,
beta-sitosterol and dacusterol.”’)

Likewise, methanolic extract of leaf extracts isolated from the
chromatographic fractionation of plant Andrographis stenophylla
(Acanthaceae) suggested promising AIA against acute pedal paw
edema in rats induced by carrageenan and Freund’s adjuvant.
Other uses of the extract is for treatment of snake bite caused
by Naja naja venom, which causes cardiotoxicity, neurotoxicity

and hemortthagic events.P”
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Table 3: List of alkaloidal drugs used for treatment of inflammation

Name of the plant Active plant Active constituent In vitro model Potential activities Mechanism of AIA Reference
parts
Rhizoma coptidis Whole plant Berberine — Prominently Significant [127]
(Ranunculaceae) extract anti-inflammatory, translocation of
antioxidant activities NF-kB into the
nucleus after
stimulation with
TNF-a
Sida cordifolia Whole plant 1,2,3,9-tetrahydro- — Anti-inflammatory Showed inhibition [24]
(Malvaceae) extract pyrrolo [2,I-b] and analgesic of carrageenan-
quinazolin-3- activity induced rat paw
ylamine edema
Adhatoda vasica Aqueous Alkaloidal fraction =~ CPG model in mice Mostly anti- Reduces [23]
(Acanthaceae) and alcoholic inflammatory action histamine, 5-HT
extracts
Acacia farnesiana Ethanolic Glycosidal fraction =~ CIPw model for Prominent anti- Unknown [138]
(Fabaceae) extract of acute and CPG inflammatory activity
leaves model for chronic
inflammation
Hypericum perforatum Aqueous, Hypericin, CIPw model for Anti-inflammatory, Unknown [139]
(Guttifereae) ethanolic Hyperforin acute and CPG analgesic activity
extract model for chronic
inflammation
Peumus boldus Hydroalcoholic  Boldine Carrageenan- Anti-inflammatory, ~ Unknown [26]

(Monimiaceae)

extract, fluid
extract, tincture,

induced pedal
edema test in rats

urinary tract
antiseptic, anti-

or powder

rheumatic activity

CPG, Cotton pellet induced granuloma; CIPw, Carrageenan-induced paw edema; CIPe, Carrageenan-induced paw edema; AlA, Anti-inflammatory activity

Artemisinin

Figure 3: Sesquiterpeniods isolated from Artemisia species

Aesculushippo castanum (Hippocastanaceae), when assessed for
its AIA on CoCl,-induced inflammation and hypoxia in human
vascular endothelial cells, was found to give hopeful results due
to the presence of a triterpenoid saponin glycoside, aescin.P!

Xu et al, reported six different novel triterpenoid saponins which
were found to have significant inflammation retarding activity
when tested in xylene-induced mouse ear edema. These existed
indigenously in roots of Codonopsis lanceolata (Campanulaceace).
Among these, codonolaside I-1IT are of recent interest.”?

Terpenoids
Terpenoids are spread in several families of the plant world.
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The major plant families with terpenoids showing AIA
include Umbelifereae, Lamiaceae, Taxodiaceae, Capparidaceae,
Cucurbitaceae, Burseraceae, and Asteraceae, which have
significance in the area of the research.

Sesquiterpenes derived from the leaves and barks of Artemisia
species like Artemisia annna and Artemisia sinica (Compositae) are
of considerable interest nowadays due to several uses such as
anti-inflammatory and antimalarial activity. Major constituent
responsible for ATA includes diterpenoidal saponins like
artemisin and artemisinin [Figure 3]. Similatly, the extract isolated
from the bark of Artemisia asiatica contains abundant amount
of sesquiterpene lactones such as artemisolide, which exhibited
inhibitory action against nuclear factor kB (NF-kB) cells in
LPS-induced inflammation in macrophage RAW 264.7 cells,
on lipopolysaccharide (LLPS)-induced PGE, and on nitric oxide
(NO) production effectively.)

Dried rhizomes of Curcuma longa, Curcuma ambada and several
other species of this family have been found to contain
potential chemical constituents responsible for several useful
pharmacological actions like antioxidant, antiallergic, AIA, and
anticancer activities. Constituents like curcumin and zingiberene
are found to be responsible for their prominent activities.
Recently, research reported that Curcuma xanthorrhiza, Curcuma
domestica and Zingiber cassumunar are of vital importance due to
the presence of highly active constituent.?l

Similarly, ethanolic extract of flowers of Arnica montana
(Asteraceae) was found to contain newer anti-inflammatory
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Table 4: List of terpenoids as potential anti-inflammatory agents

Name of the drug Active plant parts  Active constituent Potential activities Mechanism of AIA Reference
Gleditisia sinensis Ethanolic extract of  Gleditsioside Z Anti-inflammatory Inhibitory effects on [140]
(Fabaceae) leafs lipopolysaccharide-induced
nitric oxide production
Sanguis draconis Ethanol extract Resins Anti-inflammatory, Unknown [45]
(dragon’s blood resin) antitumor, antiulcer,
(Palmaceae) antimicrobial,
antiviral, wound
healing
Egletes viscosa Flower buds Diterpenes Topical anti- Unknown [38]
(Asteraceae) inflammatory
action in dermal
inflammation
Ganoderma Whole plant extract Ganoderal A, ganoderal Anti-inflammatory Inhibits superoxide anion [74]
lucidum, G. tsugae B, ganoderic aldehyde  activity formation in fMLP/CB-
(Ganodermataceae) A, tsugaric acid A stimulated rat neutrophils in
vitro
Styrax japonica Stem barks Styraxosides A and B Anti-inflammatory Inhibits lipopolysaccharide- [37]
(Syraceae) action induced expression of inducible
nitric oxide synthetase and
COX2
Inula viscosa, Isolated aqueous Inuviscolide Anti-inflammatory Inhibitory action on dermatitis [141]
Dittrichia viscosa extract activity induced by repeated application
(Asteraceae) of 12-O-tetradecanoylphorbol-
13-acetate
lllicium oligandrum Aerial parts Neolignan glycosides Anti-inflammatory, Exhibited anti-inflammatory [142]
(liciaceae) antioxidant activity by inhibiting NO
production
Psacalium Hexane extract of Sesquiterpenes such as Anti-inflammatory Inflammation in carrageenan- [143]
decompositum roots cacalol and cacalone activity induced rat paw edema and
(Asteraceae) 12-O-tetradecanoylphorbol-
I3-acetate (TPA)-induced ear
edema model
Cedrus deodara Volatile extract Volatile oils Analgesic, Unknown [144]
(Pinaceae) anti-inflammatory
activity
Andrographis Extract of leaves Andrographolide Anti-inflammatory By inhibiting NF-kB binding to [145]
paniculata activity DNA, and thus reducing the
(Acanthaceae) expression of COX2

AlA: Anti-inflammatory activity

H,C
g CH,

Styraxoside A

H;C CH;

Figure 4: Styraxoside from Styrax japonica

principles like 1,5-trans-guaianolide on NF-kB EMSA cells and
in the IL-8 ELISA cells 7z vitro as well as in vivo [Table 4].%°

Aqueous ethanolic extracts of Lavandula multifida (Lamiaceac), a
Moroccan traditional plant investigated for its activity in croton

oil induced ear edema in mice followed by bioassay of the extract,
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was found to inhibit the inflammatory response positively in
36)

comparison to that of indomethacin.!
Constituents like styraxosides A and B [Figure 4], and lignans
like eugenol and masutakeside I present abundantly in the stem
barks of S#yrax japonica (Styraceae), when subjected to preliminary
screening for AIA in several models, showed potential AIA in
LPS-induced NO and PGE, production by the RAW 264.7
macrophage cell line. The activity of the plant may be probably
due to its styraxoside A content, which is a potent inhibitor of
NO and PGE, production and responsible for release of TNF-«
and TL-1B.1

Diterpenes present in the floral buds of Egletes viscosa (Asteraceae)
have a topical ATA in dermal inflammation induced in mouse ear
model due to the presence of centipedic acid and tanabalin.P*

Sesquiterpenoids isolated from the whole plant extracts of
Youngia japonica belonging to the family Asteraceae are now
reported to exhibit a wide spectrum of AIA at doses of 50 mg/
kg (i.p.) in mice.’”
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Resins

Boswellia serrata (salai guggal) belonging to the family Burseraceae
was found to possess significant ATA. When the ethanol
extract of resin was injected zz vivo against carrageenan-induced
pedal edema in rats, mice and in adrenalectomized rat model,
it showed prominent AIA, along with anti-arthritic activity
against formaldehyde- and adjuvant-induced arthritis in rats.
The probable mechanism may be inhibition of leukotriene
production.! In support to this, Ammon e# a/, reported AIA
due to inhibition of leukotriene production in calcium-induced
stimulation of 5-LLOX in rat peritoneal polymorphonuclear
(PMN) leukocytes 7 vitro.*!

Recently, research done on several other species of Boswellia sp. like
Boswellia carterii, commonly known as “Ruxiang Gummi olibanum”,
revealed it to have a wider range of AIA in randomized, double-
blinded clinical trials conducted by injecting oleoresin extract
along with Complete Freund’s adjuvant (CFA).[*

Plants belonging to the Burseraceae family are reported to contain
AIA due to presence of oleogum resin, boswellic acid. The action
may be probably due to the inhibition of 5-LOX, leukocyte
elastase enzyme and oxygen radicals competitively. Several uses
of these plants include in autoimmune inflammatory diseases
like Crohn's disease, ulcerative colitis, rheumatoid arthritis and
bronchial asthma.*

Orhan e al, worked on the aqueous and ethanolic extracts of
oleo gum resin obtained from Pistacia vera (Anacardiaceae). The
extract evoked promising AIA on carrageenan-induced hind paw
edema model in mice due to a-pinene content.!*!

Resin obtained from dragon's blood (Sanguis draconis) and from
Daemonorops draco (Palmae) showed significant results for AIA
and are used as a traditional medicine. Choy e7 a/, reported that
the ethanol extract of resin when tested against inflammation
induced by LPS on RAW 264.7 cells showed positive AIA.
The suggested mechanism may involve inhibition of NO and
PGE, by selective down-regulation of intrinsic nitric oxide
synthetase (iINOS) and inhibition of COX2 gene expression via
the suppression of NF-kB activation.[*”

In a study conducted by Seo and co-workers, where they worked
on a resinous exudate obtained from the plant Pinus densifiora
(Pinaceae), it was found that the resin is highly efficacious in
treatment against inflammation along with several inflammatory
diseases like periodontitis and gingivitis. Upon 7 vitro evaluation,
the extract exhibited strong AIA against human gingival
fibroblasts, with the strongest scavenging activity on superoxide
anion radicals and on 2,2-diphenyl-1-picrylhydrazyl (DPPH)
free radicals, and inhibition of hyaluronidase. When evaluated
in animal models like arachidonic acid induced ear edema in
mice and acetic acid induced writhing response test in mice, it
exhibited 100% therapeutic value for counteracting inflammation,
compared to that of the test drug, aminopyrine, whose activity
was upto 76.9%.19
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Essential oils

Essential oils obtained from the roots of Carlina acanthifolia showed
promising anti-inflammatory and antimicrobial activities against
gram-positive bacteria. [ vivo studies showed prominent ATA

in a dose-dependent manner, which was comparable to that of
indomethacin on catrageenan-induced rat paw edema model.*]

Similarly, the essential oils of Cordia verbenacea (Boraginaceac)
were found to reduce the carrageenan-induced paw edema in
rats induced by bradykinin, substance-P, histamine, and platelet-
activating factor (PAF) in mice. The major constituents of oil
include sesquiterpene compounds like a-humulene and #rans-
caryophyllene.[*¥

Gaultheria yunnanensis (Ericaceae) contains analgesic and anti-
inflammatory principles due to the presence of active constituent,
gaultherin [Figure 5] (methyl salicylate diglycoside), and exhibited
promising AIA in rats and against inflammation induced by
carrageenan and croton oil in mice ear.[*”

Caryophyllene, thujopsene, a-humulene, B-acoradiene,
germacrene-D, bicyclogermacrene, calamenene, germacrene-B,
spathulenol and globulol are the major essential oils found
abundantly in the leaf extract of [Figure 6| Casearia sylvestris, and
were found to be responsible for AIA. When tested iz vitro, it
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Figure 5: Anti-inflammatory principle isolated from extract of Gaultheria
yunnanensis
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Figure 6: Compounds isolated from the volatile oil extract of Casearia
sylvestris
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showed a significant 36% reduction in paw size volume elicited by
carrageenan in rats; when evaluated for gastric ulcers, it was found
to reduce 90% of stress-induced gastric ulcers, as compared to
cimetidine which inhibits only upto 70%.5"

Essentials oils isolated from the z-hexane, chloroform, and
methanol extracts of leaves of Rosmarinus officinalis (Iabiatae)
showed promising AIA when evaluated against croton oil induced
inflammation in mice, topically in a dose-dependent manner
which is comparable to that of indomethacin. Upon bioassay, it
was demonstrated that the activity may be probably due to the
presence of major active constituents like ursolic acid, oleanolic
acid and micromeric acid.P"!

Polysaccharides

The plants Echinacea purpurea and Echinacea angustifolia (Asteraceac)
have been known since eatlier days due to their immunostimulating
and skin-repairing properties. Aqueous fractions obtained from
the roots of these were found to have promising AIA in the skin
of mice subjected to croton oil induced inflammation, due to the
presence of echinacin, a polysaccharide found in high molecular

weight fraction of the extract.”?

Comaruman, a pectic polysaccharide extracted from the aerial
parts of Comarum palustre (Rosaceae), has shown promising ATA
when given orally. Comaruman was found to reduce the edema
observed for 24 h after injection of 2% formalin in mice paw.
In addition to this, the polysaccharide also activates adhesion of
peritoneal leukocytes 7z vitro for ATA.F)

Abrtemisia tripartita (Asteraceae) showed AIA due to the presence
of polysaccharides which alter macrophage function, neutrophil
count, and complement fixation function due to the presence of
sulfated polysaccharides like xylose, glucose, arabinose, galactose
and galactosamine.b!

Flavonoids

Kaempferol-di-coumaroyl-glucoside is the flavonol glycoside
found abundantly in the extract of Quercus itex (Fagaceae). It
showed prominent inhibitory activity against inflammation when
applied topically. Prior evaluation for its 7z vitro activity in several
animal models by inducing inflammatory response and dermatitis

by photbol ester (croton oil) gave satisfactory results.”

El-Ghazaly ef a/, studied that salicin is the major constituent of
Populus tremula (Salicaceae) responsible for AIA using chotion
allantoic membrane of hen’s egg.™

Flavonoids like quercetin, morin, oleanolic acid, ursolic acid,
glycyrrhetic acid, and caffeine were found to suppress ear edema
in the inflammation induced using 12-O-tetradecanoylphorbol-
13-acetate (TPA) in rabbits, predominantly due to inhibition
of lipoxygenase. Biflavonoids including sumantoflavone and
robustaflavone isolated from the extracts of Selaginella tamariscina
were shown to inhibit the progression of inflammatory reactions
dose dependently due to inhibition of NO production, while
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robustaflavone marginally affected iNOS gene expression

responsible for NO synthesis.””

Caesalpinia pulcherrima showed prominent AIA due to the presence
of flavonoids isolated from the leaf extract, and upon 7 vitro
study, these exhibited strong AIA against L.PS and IFN-y induced
inflammatorty response in murine peritoneal macrophage cell lines.™

Eupalitin-3-O-3-bp-glucoside, a flavonol glycoside isolated from
the ethanolic extract of Tephrosia spinosa (Leguminosae), elicited
significant AIA against carrageenan-induced paw edema, which
was comparable to that of indomethacin.

Similarly, phenolic flavonoids isolated from plants of indigenous
origin were reported to have strong AIA by reducing the
expression of adhesion molecules exhibited on endothelial
cells along with selectins, VECAM-1, PECAM-1 and were
shown to have prominent use in atherosclerosis. These include
methoxyflavone and hydroxyflavone which were found to inhibit
monocyte adhesions to TNF-o.[]

Flavonoid isolated from the extract of leaves and roots of
Scutellaria baicalensis (L.amiaceae), Ginkgo biloba (Ginkgoaceae)
and Gentiana scabra (Gentianaceae) were reported to have topical
AIA against chronic skin inflammation like atopic dermatitis.
The preparation is being available in market as “SK Ato
Formula” and is meant for topical application and contains
flavonoids like gingkolide A and B (biflavonoids) [Figure 7]. It
shows satisfactory effects in animal models with chronic type
of skin inflammation induced by TPA treatment to mouse ear.
The probable mechanisms behind its AIA are by inhibition
of PGE, synthesis, COX2 and consequent suppression of

roinflammatory gene expression.®!
y

Park ez al. (2006) evaluated the extract of Ginkgo biloba and found
that it exhibited inhibitory action against LPS-induced NO synthesis
and PGE, production in RAW 264.7 macrophage cell line. The
major active principles found include terpenes and bi-flavonoids
responsible for potent inhibition of NO and PGE, production.l*”

Flavonoids like 5-O-demethylnobiletin [Figure 8] isolated from
several plant extracts are found to inhibit the inflammatory response
elicited by TPA in mouse ear and acute mouse paw edema induced
by carrageenan. The probable mechanism of action responsible for
ATA may be inhibition of 5-1.LOX and elastase, respectively. The
flavone was also reported to inhibit leukotriene B, (LTB,) formation
in rat neutrophils and elastase release in human neutrophils.””

Flavonoidal principles isolated from dichloromethane and
ethanol extracts from the aerials part of Artemesia copa, such as
spinacetin, jaceosidin, axillarin, penduletin, tricin and chrysoeriol,
exhibited promising AIA against inflammatory mediators in
mouse macrophage (RAW 264.7) cell line stimulated by LPS.[*

Similarly, Achillea millefolinm, a traditional herb used for the
treatment of gastrointestinal and hepato-biliary disorders, has
been found to inhibit the production of proteases, human
neutrophil elastase and matrix metalloproteinase like enzymes
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Figure 9: A phenolic compound isolated from plants of Bignoniaceae
family

responsible for initiation of inflammatory process, due to the

presence of flavonoids and dicaffeoylquinic acids.[*”

Phenolic compounds

Breu ez al, investigated several phenolic compounds with saturated
alkyl side chains and sulfur-containing components isolated
from Allinm spp. (Alliaceae) and they were found to inhibit
5-LOX against porcine leukocytes. The AIA was mainly due to
the catechol content, cepaenes and unsaturated thiosulfinates.”

Similarly, Almeida ez 4/, reported on lapachol [Figure 9], a phenolic
compound isolated from the species belonging to the family
Bignoniaceae. It exhibited a significant anti-inflammatory—
antiedematogenic action on carrageenan-induced pedal edema
by upto 57%.1"

Santbucus ebulus (Caprifoliaceae) showed promising i vitro and in vivo
ATA due to the presence of polyphenolic compound, caffeic acid,
isolated from the methanolic extracts, in carrageenan-, serotonin-
induced pedal edema and adjuvant-induced arthritis in rats.**!

Wu and co-workers reported that the plant extract obtained from
the aerial parts of Laggera alata (Asteraceae) had strong action
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against inflammation, due to the presence of phenolic principles,
when evaluated on acute and chronic inflammations 7 vivo in
carrageenan-induced rat paw edema, xylene-induced mouse ear
edema and acetic acid induced vascular permeability in mouse.
The probable mechanism may be the physiological inhibition of
leukocyte migration, reduction of serum lysozyme levels, nitric
oxide, PGE, and malondialdehyde levels dose dependently.””

Cannabinoids

Cannabinoids are now explored as a novel category of
compounds occuring indigenously in fruits of Cannabis sativa
(Cannabinaceae). The biological activity of the extract may be due
to the A-tetrahydro cannabinol (A-THC) content. Formukong
et al, showed that the presence of cannabinoids and olivetol
inhibited the inflammation caused by tetradecanoyl phorbol-
acetate induced erythema in mouse ear and phenylbenzoquinone-
induced writhing response satisfactorily. The probable
mechanism behind its AIA may involve its inhibitory activity

against prostaglandin synthesis and mobilization.["

Recently, Zurier et al, isolated a dihydrostilbene containing
compound, canniprene, from Cannabis sativa, and showed it to
be most active against human neutrophils due to inhibition of
5-LOX. Similarly, olivetolic acid with a cannabinoid nucleus having
free C-5 hydroxyl group is the novel anti-inflammatory principle
that shows petipheral effects by inhibiting COX and LOX.[™

Steroids
Several plants and extracts from 3.6Velutinol A.

Steroidal and triterpenoidal saponins isolated from Ganoderma
Incidum and Ganoderma tsugae exhibit AIA by inhibiting the release
of B-glucuronidase from rat neutrophils stimulated by formyl-
Met-Leu-Phe (fMLP)/cytochalasin B.™

Fatty acids

Fatty acids are known from earlier days because of their several
therapeutic activities like anti-inflammatory, antioxidant, free
radical scavenging, antihyperlipidemic activities.

Oil obtained from the leaves of Oenothera biennis (Onagraceae),
called “evening primrose oil”, has gained popularity in orthodox
system of medicine against inflammation seen in rheumatoid
arthritis, due to the presence of fatty acids like cs-linoleic acid
(y-linoleic acid) abundantly (upto 9%).

Fish oils obtained from marine organisms are of promising
therapeutic value in several inflammatory disorders like psotiasis,
eczema, allergy lipid lowering activity under various clinical studies.
The proposed mechanism of action of oil includes reduction
of lipid level which may be due to 5-1.LOX, 15-LOX, 15-HEPE
inhibitory activity when examined on epidermal enzymes and
basophilic leukemia cells of rat. The major constituents responsible
include eicosapentaenoic acid and docosahexaenoic acid."

Fixed oils obtained from the seeds of linseed Linum usitatissimum,
soyabean, and Ocimum sanctum contain a-linolenic acid as the
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major constituent found to be responsible for prominent AIA
against rat paw edema induced by arachidonic acid. The oil
produced inhibition in leukotriene-induced paw edema; L.
usitatissimum oil produced maximum percentage inhibition in
carrageenan and arachidonic acid induced paw edema models."™
Plant glycoproteins

Glycoproteins are of natural origin and found indigenously in
animal body abundantly. Recent investigation made by Oho ez 4/,
reveals that Rbus vernicifiua (Anacardiaceae) showed the presence
of glycoproteins abundantly in its fruits. The glycoproteins
showed promising AIA due to their inhibitory effect on proteins
inducing inflammation and on NO production in L.LPS-induced
inflammation on RAW264.7 cell lines. Also, results reveal that the
glycoprotein present in plant showed strong antioxidant activity
against lipid peroxyl radicals in cell-free system.l’”

Similarly, the hydroalcoholic extract obtained from the most
commonly available plant “Madder” Rubia cordifolia (Rubiaceae)
was found to ameliorate the series of toxic inflammatory events
produced by an anticancer drug, cisplatin, in Swiss Albino mice.
It was found to inhibit the toxic responses like nephrotoxicity
due to oxidative stress, lipid peroxidation, glutathione depletion,
superoxide dismutase, and catalase.”

SPECIFIC PHYTOCONSTITUENTS WITH
PROMISING VALUE OF ANTI-INFLAMMATORY
ACTIVITY

Lignans are the potential phytoconstituents obtained from hexane
extracts of Phyllanthus amarns (Euphorbiaceae), which are found
to inhibit carrageenan-induced paw edema and neutrophil influx
in rats. These lignans include a group of phytoconstituents such
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Figure 10: Newer flavonoid from Eleutherine Americana: Phyllanthin,
Niranthin, Pinobatol, Luteolin
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as phyltetralin, nirtetralin, niranthin, phyllanthin. Among these,
only nirtetralin was found to inhibit the inflammation induced
by carrageenan, due to increase in IL1-{ level in tissues, while
the whole extract was found to reduce the paw edema elicited by
bradykinins, platelet activating factors (PAF) and endothelin-1

prominently.”

Like lignans, the “neolignans”, isomeric structural analogues
isolated from stem barks of several species of Piper kadsura
(Piperaceae), are of promising value in the field of pharmacognosy
for treatment of several inflammatory disorders of human
ailments and in the inhibition of polymethacrylic acid induced
production of reactive oxygen species (ROS) in human PMN
neutrophils.[*

Sosa and co-workers (2001) isolated a novel class of compounds
with potent topical anti-inflammatory principle from the extract
of Achillea pannonica (Asteraceae) by fractionation. These are
derivatives of germacrane and were found to exhibit ATA against
inflammatory events initiated by croton oil induced dermatitis
in the mouse ear in a dose-dependent mannet, by upto 61%.5"

Verminoside (an iridoid glycoside) is found abundantly in
the dichloromethane extract of Kigelia africana (Bignoniaceac)
occurring in northern zones of Africa. When evaluated for its
in vitro anti-inflammatory activity, this constituent showed higher
potential of inhibiting the expression of iNOS and NO release
in mouse J774.A1 macrophage cell line.?

Ethanolic extract of seeds obtained from the chromatographic
fractionation of Nyctanthes arbortristis (Oleaceae) was found
to contain analgesic—anti-inflammatory and antinociceptive
activities due to the presence of arbortristoside-A. In an animal
study, the extract exhibited significant action against carrageenan-,
serotonin-, and histamine-induced inflammatory reactions, due
to inhibition of arachidonic acid synthesis.[!
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Figure 11: Carotenoid with AIA from Tagetes erecta
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Figure 12: Stilbene containing compounds isolated from Polyozellus
multiplex

Phenylpropanoids are the active antinflammatory principles
isolated from the species of Ilicium like Ilicinm tashiror, licinm
anisotum, Illicinm arborescens and are potentially found to have
promising ATA due to inhibition of histamine release, when tested
on rat basophilic RBL-2H3 leukemia cells stimulated by A23187.5%4

Plants belonging to the family of Iridaceae like Elentherine
americana contain a novel class of [Figure 10] plant constituents
such as naphthoquinones used for their AIA. When evaluated
in vitro, they showed satisfactory action against inflammation
induced by LPS in mouse macrophage RAW 264.7 cell lines.[
Similarly, luteolin is a newer flavone which occurs indigenously in
several plants and helps a lot for its antioxidant, antinflammatory

and antiallergic functions as compared to other flavonoids.®

Chen ez al, isolated the phytoconstituents having benzoic acid
skeleton from the fruits of Melicope semecarpifolia (Rutaceae) and these
were found to have AIA on human neutrophils, due to inhibitory
action on superoxide anion generation and elastase release.®’)

Luteolin diglucuronide, apigenin diglucuronide, and semi-pure
luteolin diglucuronide are potentially a newer class of carotenoid
compounds isolated from the leaves of Perilla nankinensis and
were reported to inhibit the carrageenan-induced inflammatory
events in rat paw edema model.® Luteolin elicited mild acute and
chronic AIA in mice, and upon oral administration, it suppressed
the paw edema induced by carrageenan at anti-inflammatory
doses and cotton pellet induced granuloma in rats, by temporary
blockage of leukocyte infiltration and elevated level of 6-keto-
PGF1a in the inflammatory exudate due to down-regulation of
the mRNA expression of COX2 in inflammatory responses.®!

Like luteolin, luteins are compounds having basic carotenoid
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skeleton [Figure 11] and are derived from the extract of a plant
Tagetes erecta, known widely as “marigold”, belonging to the
family Compositae. They have shown satisfactory results with
their anti-inflammatory as well as antioxidant properties when
evaluated 7z vifro on carrageenan- and dextran-induced acute paw
edema in mice. The mechanism behind this activity may be its
superoxide radical scavenging action which leads to inhibition
of photolysis of vitamin B, (riboflavin) present in the body and

hence decreases formation of hydroxyl free radicals.”

Hinkitiol is a compound that belongs to the class of tropolone
derivatives, commonly known as B-thujaplicin, present
abundantly in the heartwood of plants belonging to the family
Cupressaceae. It showed promising AIA in LPS-induced
macrophage like RAW264.7 cell line by inhibition of production
of TNF-« to stop the inflammation of skin and also reduced
hair follicle apoptosis.P!!

Sesquiterpenes isolated from the leaves of Yacon tree, Swalianthus
sonchifolia, (Asteraceae) are reported to contain a newer group of
compounds called melampolides which are likely to have AIA on
murine macrophage RAW2064.7 cells. The probable mechanism
may be the inhibition of NO production induced by LPS.F?

Evodiamine, rutaeccarpine and goshuyuamide II are now
identified as a novel class of anti-inflammatory agents isolated
from the fruits of Evodia rutaccarpa (Rutaceac). These compounds
are found to elicit outstanding AIA when treated against LPS-
induced inflammation on RAW 264.7cell lines. The mechanism
responsible for their action may involve stronger inhibitory action
on PGE2 generation from COX2, as evodiamine has been found
to testrain COX2 induction only.”

Yao and co-scientists reported in recent years the presence of
a series of phytoconstituents belonging to a major therapeutic
chemical class of compounds in plants known as stilbenolignans,
isolated from lignans of Guetum cleistostachyum (Gnetaceae). They
reported that these compounds are quite efficacious in reducing
the signs and symptoms of inflammation when examined on
inflammation models observed to have TNF-« inhibitory
activity. These compounds are gnetofuran A, gnetumontanin C,
lehmbachol D, gnetifolin F, gnetucleistol EP¥ Similarly, lignans
isolated from chromatographic fractionation of the extract of
Saussurea conica (Asteraceae), such as conicaoside, conicaols A
and B, and in addition to this, 2,3-dibenzylbutyrolactone-type
lignans such as arctigenin and matairesinol, were found to
have higher AIAs in vitro on LPS-induced inflammation in rat
macrophages.”!

Polyzellin and polysylvin [Figure 12] are the stilbene skeleton
containing compounds isolated from the fruiting bodies and
leaves of Polyozellus multiplex (Thelephoraceae) and Pinus densiflora
(Pinaceae), respectively, and have been recently investigated for
their AIA. They were found to significantly inhibit the LPS-
induced NO and NF-kB production in a dose-dependent manner
in murine macrophagial RAW?264.7 cell line.”*”"]
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Gignatol

Figure 13: Chemical constituent isolated from Cymbidium goeringii

Euonymus laxiflorns (Celastraceae) is a plant with AIA. When
RAW264.7 macrophagial cell line was screened, it was found
to counteract the inflammation in a concentration-dependent
manner. The major constituent responsible for such activity is
laxifolone A.’¥

Geniposide and genipin are the two major anti-inflammatory
principles isolated from the ethanolic extract of Gardenia
jasminoides (Rubiaceae) fruits and have been instituted nowadays
in the treatment of several diseases related to causes of
inflammation like jaundice, headache, edema, fever, and hepatic
disorders. When analyzed for their antinflammatory activity,
these produced acute responses in carrageenan-induced rat paw
edema with inhibition of vascular permeability of the bed dose
dependently.™

Patel et al, accounted for a newer class of anti-inflammatory
agents which are basically prenylated derivatives of resveratrol
obtained from the chromatographic isolated part of fungal
infected parts. The probable mechanism behind its activity
might be inhibition of COX2 enzyme induction and subsequent
inhibition of the expression of mRNA thereof.!"”!

Trichloromethane extract of dried rhizomes of Zingiber species
like Zingiber cassumunar (Zingiberaceae) were found to contain
phenylbutenoids which exhibited promising AIA by inhibiting
the COX2 generation and thus reduced the level of PGE .

Marsik and co-workers experimented on the extract obtained
from seeds of Nigella sativa (Ranunculaceae) and evolved a newer
group of plant secondary metabolites such as dithymoquinone,
thymo hydroquinone, and thymoquinone which are reported
to have promising AIA due to inhibition of COX1 and COX2
enzymes significantly in comparison to indomethacin. Among
these constituents, thymoquinone and thymohydroquinone
exhibited a stronger value of antinflammatory effect due to more
tight binding with the COX2 enzyme prominently.'*

Marrubiin is a potent plant constituent isolated from Marrubium
vulgare. When subjected to screening models of inflammation like
microvascular leakage in mice ears, it exhibited promising AIA
in a dose-dependent fashion.!'"
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Gigantol [Figure 13], a chemical constituent isolated from the
whole plant extract of Cymzbidium goeringii (Orchidaceae), was found
to have significant ATA when examined in LPS-, NO-,and PGE, -
induced edema in RAW 264.7 cells. The basic mechanism behind
its AIA may be due to the presence of active constituent, gigantol,
which was found to suppress the expression of iNOS and COX2
along with inhibition of mRNA level in RAW 264.7 cell line.!'™

MISCELLANEOUS ANTI-INFLAMMATORY AGENTS

Algae

Spirulina fusiformis (Oscillateriaceae), known as “blue green algae”,
are important due to their AIA and allied therapeutic uses like
analgesic and antiarthritic actions. When studied for its AIA in
rats by measuring the paw volumes, body weights as measures
of inflammation showed promising results in terms of reduction
in body weight as compared to adjuvants.!'””

Methanolic extract of Cheilanthes farinosa (Adianthaceae), a fern
grown indigenously in southeast Africa, showed stronger value
of AIAs due to the presence of rutin, cinnamic acids, caffeic

acid and its quinic acid detivative, chlorogenic acid.""!

Research work in the recent years has led to the discovery
of “marine red algae” obtained from Neorbodomela aculeate.
When investigated for their anti-inflammatory and antioxidant
properties, they showed promising value with neuronal and
microglial cells. Similarly, other actions of the extract include
potent neuroprotective effect elicited by glutamate-induced
neurotoxicity and inhibition of ROS expression in murine
hippocampal HT22 cell line, and inhibition of H,O,-induced
lipid peroxidation in rat brain homogenates.!'"”

Marine plants

Pseudopterosins are newer class of natural products isolated
from Psendopterogorgia elisabe, which have been characterized
as diterpene pentose glycosides. The pseudopterosins possess
considerable analgesic activity and ATA."

In search for new biologically active natural products, a number
of isolates derived from algae and sponges were evaluated.
Of these, palisol and dictyol C demonstrated the most potent
inhibition of COX2.1'"

Methanolic extract of the sea grass Zostera japonica has shown
ATA. TIts hexane, dichloromethane, acetate and water extracts
showed the highest capacity to inhibit expression in LPS
stimulated J774A cell line due to the presence of palmitic acid,
palmitic acid methyl ester, linoleic acid methyl ester, oleic acid

methyl ester and linoleic acid.!""

Kang ez al, showed that dichloromethane and ethanol extracts of
the brown seaweeds, Sargassunz fulvellum and Sargassum Thunbergit,
when examined for analgesic, anti-inflammatory and other allied
activities showed reduced signs of inflammation in mice.!""
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Traditional plants and plant preparations with anti-
inflammatory activity

Some of the plants traditionally belonging to particular
geographical regions are equipped with constituents having highly
selective anti-inflammatory activity. These include plants from
China, Korea and Japan.

The aqueous extract of the tuber of Swilax china, popularly
known in China as "Jin Gang Ten", was tested for its AIAs in rats
with egg-albumin—induced edema and its anti-nociceptive effects
in mice, using hot-plate test and acetic acid induced abdominal

constriction test, respectively.!'?

Ethanolic extract of roots of Clematis mandshurica(Ranunculaceae)
is used in Korea as a traditional medicine in the treatment of several
inflammatory diseases. The major constituents concanavalin A
is responsible for AIA by inhibiting NO, PGE, and other pro-
inflammatory mediators in LPS/IFN-y induced inflammation.""

Similarly, the extracts obtained from traditional Chinese
medicines, such as Changtai granules, are reported to have better
ATIA due to their inhibitory action on myeloperoxidase enzymes.
When given orally once daily, it has been found to exhibit AIA
which helps in the inhibition of 2,4,6-trinitrobenzene sulfonic
acid induced ulcerative colitis and colonic injuries thereof in
a trial done 7z vitro. This makes it a drug of choice in several

inflammatory disorders, especially in colitis and bowel diseases.!""

Wen-Pi-Tang-Hab-Wu-Ling-San (WHN), a preparation widely
used in the traditional medicine of Korea, is found to have
satisfactory AIA. When the extract was subjected to prior
evaluation of its AIA in trials done 7z vifro, it showed positive
response against inflammation by strongly inhibiting the excessive
production of mediators like NO, TNF-o, IL-13 and IL-0,
respectively.!'>!1°!

Likewise, a promising Chinese herb, Seungma-galgeun-tang, has
been used widely in China as a folk medicine recipe for broad-
spectrum treatment of acute and chronic inflammatory disorders.
It has been found to inhibit the generation of NO, PGE , COX2,
TNF-a, I1.-12, I-183, and activation of NF-kB competitively
and to inhibit the secretion of NO in BV-2 microglia without
affecting cell viability.'"”

In a finding made by Tseng e a/, where they described a Chinese
traditional herbal decoction type formulation known as Cheng-
Chi-Tang, it was reported to have promising AIA in several
inflammation and related disorders like pain, and inflammation
produced due to regular use of purgatives, painful abdomen,

hard stools and fever.["'®!

Similarly, Lo ef a/, reported a formulation called San Huang-Xie-
Xin-Tang, which is widely used in traditional oriental medicine.
It was shown to have prominent AIA due to the presence of
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baicalin in a preclinical study that was conducted on LPS-induced

inflammation.!""”!

Panasx: notoginseng is a Chinese herbal used as a dietary supplement.
It was found to exhibit several therapeutic activities like
immunomodulatory, anti-inflammatory, and antiviral. Among the
several species of ginseng, P. nofoginseng inhibited the LPS-induced
synthesis of TNF-a and IL-6 in a concentration-dependent
manner in RAW264.7 macrophages.'*! Similarly, the research
work conducted on the roots of Panax ginseng (Araliaceae),
“red ginseng”, instituted several newer groups of chemical
constituents such as ginsenosides Rg3 and Rh2 which have
been shown to have promising AIA in LPS and INF-y induced
inflammation in murine BC-2 microglial cells. Among these, Rh2
is found to have greater value of activity due to its inhibitory
action on NO synthesis and expression of mRNA of NO and

hence reduces the severity of inflammatory response.'?!

Phthalide lactones like Z-ligustilide and senkyunolide A isolated
from the dried rhizome of Ligusticum chuanxiong (Apiaceae), a
traditional Chinese herb used for the treatment of inflammatory
and cardiovascular diseases. Iz vitro study showed AIA by
inhibiting LPS and TNF-a induced inflammatory reaction along
with inhibitory action on mRNA gene expression. Also, the
Z-ligustilide was found to be more potent as compared to that

122]

of senkyunolide A.l

"Bolengguazi”, a formulation quite widely used in Tibetan
medicine, was found to have a stronger AIA. It was reported to
contain the seed extract of Herpetospermum pedunculosunz, Momordica
cochinchinensis and Momordica charantia, by Fang and co-workers.
It was found to have a significant analgesic activity and AIA
in several models of inflammation like egg-albumin—induced
paw edema and cotton pellet granuloma tests, and the activity is

comparable to that of indomethacin.!'*'*!

Aqueous and butanolic extracts obtained from the rhizomes,
leaves and inflorescence of Solidago chilensis exhibited profound
inhibitory activity against leukocytes, neutrophils and exudation
of inflammation induced by carrageenan due to inhibition of
leukocytes, neutrophils, myeloperoxidase, adenosine-deaminase,
and TNF-u of the inflammation.!"”!

Rhizoma coptidis, a herbal originated from Chinese medicine,
has been well established for the treatment of common
dermatological disorders. The major constituents like berberine,
tannins, and terpenes are responsible for AIA in human
keratinocytes by inhibiting TNF-oc.['?

Lycopodinm clavatum (Lycopodiaceae), a plant that originated from
Turkish region, showed promising ATA when used as different
extracts like petroleum ether, chloroform, ethyl acetate and
methanol along with the alkaloidal fraction obtained from the
aerial parts models of inflammations like acetic acid induced
increased capillary permeability in mice.!'*”
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Pluchea quitoc (Asteraceae), a Brazilian plant of traditional
medicine, has now widely gained acceptance for treatment of
inflammation as well as of digestive and respiratory diseases. For
confirming its AIA, it was tested in carrageenan-induced paw
edema and pain in mice. It also inhibited neurogenic pain in rats,
induced by formalin."*

Kalanchoe brasiliensis (Crassulaceae) was recently reported to
contain high ATA from its salt preparation named as kalanchosine
dimalate prepared from the fresh juice obtained from aerial parts
of the plant. The major components of preparation include a
mixture of kalanchosine and malic acid in a 1:2 stoichiometric
proportion where kalanchosine is chemically 3,6-diamino-4,5-
dihydroxyoctanedioic acid. Clinical study of the preparation
against several inflammatory disorders reveals that the major
principle responsible for AIA of salt may be the kalanchosine.!'”’

Kampo medicines are the traditional medicines that originated
in Japan based on the silent concept of treatment of diseases.
In a study conducted by Ara e/ /, they evaluated the efficacy of
this system of treatment through clinical trials 7z vitro against
periodontal diseases, where inflammation was induced by LPS.
The possible mechanism behind this may involve the inhibition
of production of inflammatory mediators like PGE,, IL-6, I1.-8
and COX2 in a dose-dependent manner. Trials showed that
therapy is quite efficacious in reducing the disease progression
upto 24 h duration without any viable growth of human gingival
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fibroblasts by Porphyromonas gingivalis.!

SAFETY ASPECTS OF HERBAL PREPARATIONS

Herbal medicine generally uses various parts of plants or mixtures

of plant extracts to treat illness, to promote health, to restore
the body's ability to protect, regulate and heal by itself. Several
preparations are now used and marketed successfully worldwide
as over-the-counter products. But as far as the safety aspects are
concerned, these do not mean that they are safe to use. According
to a study, about 40% of the anticancer drugs made from plants
have been shown to successfully treat cancer, but they still have
serious side effects.”! Similar to these, many herbal remedies are
reported to have serious side effects, adverse effects and some of
them have a tendency to interact with the synthetic preparations.
For example, some herbs can make skin more sensitive to light
and should not be given during radiotherapy. Similarly, St. John’s
Wort is used in the treatment of depression, but it interacts with

1311321 A brief review of some

iron to reduce its therapeutic efficacy.
of the herbal anti-inflammatory preparations representing the
potential interactions and incompatibilities is presented in Table 5.
As per Therapeutic Goods Administration (TGA), Australia, the
adverse effects of herbals are classified into two different groups
as intrinsic events and extrinsic events. Intrinsic events are again
subclassified into two types as Type-A and Type-B reactions. The

adverse effects of herbals are presented in Figure 14.

CLINICAL TRIALS ON HERBALS WITH AIA

Several clinical trials of herbal drugs have been done,
representing them as a better aid in the treatment of
anti-inflammatory disorders. Conducting clinical trials on
traditional/herbal medicines is challenging due to lot of reasons,
for instance, it is very difficult, impracticable or sometimes
impossible to have active and control groups with identical
color, smell and taste. Also, the use of placebo involves similar
difficulties as the herbal drug may exhibit its strong aroma of its

Table 5: Overview of some serious adverse events occuring by combined use of herbals with synthetic

preparations [132-13%]

Herbal drugs Synthetic preparations

Potential problem

Asian ginseng and bilberry
Echinacea

Anticoagulants

ketoconazole
Immunosuppressants (such as
corticosteroids, cyclosporin)

Evening primrose oil Anticonvulsants

Anabolicsteroids, methotrexate, amiodarone,

Feverfew

Feverfew, garlic, ginseng,
gingko, ginger
Ginseng

Liquorice, hawthorn, ginseng
Liquorice

Momordica, ginseng

St. John’s wort

NSAIDs
Warfarin

Phenelzine sulfate
Estrogens, corticosteroids
Digoxin

Spironolactone

Insulin, sulfonylureas, biguanides

Monoamine oxidase inhibitor and serotonin
reuptake inhibitor antidepressants

Increased risk of bleeding
Hepatotoxicity

Antagonistic effects

Lowered seizure threshold
Inhibition of herbal effect
Altered bleeding time

Headache, tremulousness, manic episodes
Additive effects

Interference with pharmacodynamics
Antagonism of diuretic effect

Altered glucose concentrations. These herbs should

not be prescribed in diabetic patients

Mechanism of herbal effect uncertain. Insufficient evidence
of safety with concomitant use, therefore not advised

Iron Tannic acid content of herbs may limit iron absorption
Shankapulshpi Phenytoin Reduced drug levels, inhibition of drug effect
Valerian Barbiturates Additive effects, excessive sedation
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Table 6: Brief overview of clinical trials on herbal drugs with anti-inflammatory activity

Name of the Active part  No. of subjects  Type of trial Inference References
herbal of herbal
Purified gugulu Ethyl acetate 35 Patients Randomized, double- Extract showed digestive and analgesic effect [146]
(Commiphora extract of rheumatoid blind trial without any side effects
mukul) arthritis
Curcumin Turmeric 18 Rheumatoid Large, double-blind Improved symptoms in patients with [147]
extract arthritis patients  study osteoarthritis and rheumatoid arthritis
40 Male patients A placebo-controlled  More effective than placebo in reducing post- [148]
affected with trial surgical edema, tenderness and pain, and
inguinal hernia was comparable to phenylbutazone
Boswellia serrata  Boswellin, 44 Patients Randomized, Study confirms that therapy with Boswellia [149]
extract boswellic double-blind, verum-  reduces inflammation in the treatment of
acids controlled, parallel Crohn’s disease
group
23 Males and Double-blind, placebo- 70% of patients showed improvement in [150]
17 females controlled study exacerbation of asthma with disappearance of
physical symptoms and signs of asthma
30 Patients of Randomized, double- All patients receiving the herbal treatment [151]
osteoarthritis of blind, placebo- reported decrease in knee pain, increased
knee controlled, crossover  knee flexion and increased walking distance
study
White willow bark  Salicin 191 Patients A 4-week, double- Moderate efficacy was demonstrated with both [152]
extract blind, clinical trial doses of salicin for short-term treatment of
acute episodes of chronic lower back pain
127 Outpatients = Randomized, double- Showed higher efficacy in the treatment of [153]
blind, controlled trials  osteoarthritis and rheumatoid arthritis as
comparable to diclofenac
Devil's claw Ethanolic 122 Patients Randomized, double- Showed higher efficacy in the treatment of [154]
extract blind, parallel group osteoarthritis related knee and hip pain, lower [155]

study

back pain, and efficacious in rheumatism

ADVERSE EFFECTS OF
HERBALS

|

Type A reactions Overdosage
Interaction with drugs

Due to followings Adulteramon
Contanration

7

Subatiation
Type B reactions Allery, Misidaficason
Anaphytactic reaction Lack of stendasdization

\

Figure 14: Overview of adverse events seen with herbal preparations
and their cause

own or may have a specific distinguished taste, which abolishes
the placebo action. Examples of clinical studies done on the
list of herbals found to be efficacious against inflammation and
related disorders are enlisted in Table 6.

CONCLUSION

Though several researches are being performed in the area of
herbal drugs for exploring newer and safer alternatives in order to
combat against several inflammatory reactions, recently an annual

Pharmacognosy Reviews | July-December 2011 | Vol 5 | Issue 10

publication released by WHO and several health regulatory
bodies worldwide reported certain key problems like safety of
herbal preparation and herbal formulation being a newer area
of thought for researchers. Although it is widely perceived that
"natural" products are safe, evidence suggests that upon clinical
use these preparations are never being seen without risk. Study
says that among every 90 patients set in trials with a disease like
rheumatoid arthritis, 82% were reported to have chances of slight
alterations in their physical as well as mental behavior, while 31%
had experienced adverse effect. Hence, expert key commentaries
are required in the field of herbals regarding their production
and marketing in terms of better regulatory cheks.
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