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Natural products and anti-inflammatory activity

GaofengYuanmsc* Mark L Wahlqvistvb,” GuogingHe php! Min Yangmp®
and Duo Limp™*

'Department of Food Science and Nutrition, Zhejiang University, Hangzhou, China

2Asia Pacific Health & Nutrition Centre, Monash Asia Institute, Monash University, Australia
*Department of Public Health, Zhejiang University, Hangzhou, China

*APCNS Centre of Nutrition and Food Safety, Hangzhou, China

The aim of this review paper was to summarise soomamonly available natural products and their anti-
inflammatory activity. We have collected data fradEDLINE, Current Contents and scientific journals,
which included 92publications. There are numerous natural produetaildd in this literature; however we
have summarized a few of the most commonly avalaold potent ones. In this paper, the natural ptsdu
with anti-inflammatory activity including curcumimparthenolide, cucurbitacins, 1,8-cineole, pseuetgsins,
lyprinol, bromelain, flavonoids, saponins, marineoisge natural products arbswellia serrata gum resin
were reviewed. Natural products play a significesie in human health in relation to the preventamd
treatment of inflammatory conditions. Further sasdare being conducted to investigate the mechaafsm
action, metabolism, safety and long term side éfféc¢hese natural products, as well as interastiostween
these natural products with food and drug companent

Key Words: inflammation, anti-inflammatory activity, natural products, anti-inflammatory food, pain, migraine,
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Introduction inflammatory basis of disease becomes clear, anti-
The role of natural products as remedies has beegmeed inflammatory food and food products become of gneat
since ancient times. There has been considerable @uig interest. The British Nutrition Foundation report phyo-
scientific interest in the use of natural produiciscombat tochemicals provides a useful classification farséa pro-
human diseases such as cardiovascular diseas&rcand ducts, namely: terpenoids, flavonoids and allieénattic
inflammatory disease (which may in any case, astiat and polyphenolic compounds and sulphur-containmg-c
clude other chronic disease, like CVD, cancer dabedes). pounds’
In spite of major scientific and technological pregs in
combinatorial chemistry, drugs derived from natupab- Curcumin
ducts still make an enormous contribution to drisgavery Curcumin (Fig. 1), a low molecular weight polyphkris
today? derived from the rhizomes of the plant turmefGurcuma
Inflammation, which is a pattern of response to injuryJonga), which is endemic to peninsular India. Turmeitic,
involves the accumulation of cells and exudatesritated the form of a paste, has been used to relieve aath
tissues, that allows protection from further damagflammation? Extensive scientific research including pre-
Inflammation has been studied for thousands ofsygaan clinical and clinical studies revealed that curcunfias
attempt to combat its effects on the body. In AD G@l- anti-inflammatory actiort.” Satoskaret al., (1986) eva-
sius described the 4 classic signs of inflammafioibor, luated the anti-inflammatory activity of curcumim ¢om-
calor, dolor, and tumor, or redness, heat, paind aparison with phenylbutazone and placebo. Both yhen
swelling), and used extracts of willoleaves to relieve butazone and curcumin produce a better anti-inflatony
them? For many years, salicylate-containing plants wen@sponse than placebo.
applied therapeutically and lead to the productidna
major anti-inflammatory drug - Aspirin. Aspirin, agent
with anti-inflammatory activity, is derived from taal
sources, and is used extensively in current clinicactice.
Many other aspirin like drugs are now availablduding Correspondence address: Professor Duo Li, Department of
the non-steroid anti-inflammatory drugs (NSAIDS). EOO% ?_'C;i”iﬁoindzh'\éﬂggioné rﬁsgj?{lgo;gniversityﬁZsaixuan
Natural products with anti-inflammatory actiwihave 137 G291 SNEA 49!5ax: '+ 86.571.8697 1024
long been used as a folk remedy for inflammatorg-co g 4. duoli@zju.edu.cn
ditions such as fevers, pain, migraine and arthriis the  accepted 8th March 2006
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Lal et al., (1999) studied the efficacy of curcumin in the a strong anti-inflammatory effeat vivo

management of chronic anterior uveitis (CAUn this
study, curcumin was administered orally to 53 pase
suffering from CAU at a dose of 375 mg three tiraaky

1% and has long

been used as a folk remedy for fevers, migraing, an
arthritis®® A double-blind placebo controlled cross-over
trial investigated the effect of feverfew contampipar-

for 12 weeks. The 32 patients who completed the 12thenolide as a prophylactic treatment for migraen
week study were divided into two groups: 18 pasient this double-blind placebo-controlled cross-overdgtu

received curcumin alone, while 14 patients, whonsth
a strong purified protein derivative reaction, ieed

fifty seven patients who attended an outpatiemt phnic
were selected at random and divided into two groups

curcumin in addition to antitubercular treatment.eTh Both groups received a daily dose of 100 mg feveftws
patients in both groups showed improvement after &0 days in the preliminary phase (phase 1). Inste®nd
weeks of treatment. All the patients who receivedand third phases, Group Al & 30) continued to receive
curcumin alone improved, whereas the group recgivinfeverfew for an additional 30 days and then waftezhio

antitubercular therapy and curcumin had a respoaige
of 86%. Follow up of all the patients for the n8xyears
indicated a recurrence rate of 55% in the firstugrand
36% in the second group. Four of the 18 patiamnthé
first group and 3 of the 14 patients in the secgralip
lost their vision in the follow up period due toriais
complications such as vitritis, macular oedema,traén
venous block, cataract formation and glaucomatquiie o

the placebo treatment for 30 days (100 mg daily of
ground parsley). Group BN(= 27) received the first
placebo treatment, for 30 days, and then was &emesf

to feverfew for the last 30 days. The feverfewssalia
significant reduction in pain intensity comparedhwthe
placebo treatmentMoreover, a profound reduction was
recorded concerning the severity of the typical gypms
that are usually linked to migraine attacks, sushva-

nerve damage. None of the patients reported any sidniting, nausea, sensitivity to noise and senstitatlight.
effects from the drug. The efficacy of curcumin andTransferring the feverfew-treated group to the piace

recurrences following treatment are comparableciwi-c
costeroid therapy, which is currently the only &alale
standard treatment for CAU.

In another studylLal et al., (2000) described the
clinical efficacy of curcumin in the treatment ddtjgnts
suffering from idiopathic inflammatory orbital pskat

treatment resulted in an augmentation of the paansity
as well as an increase in the severity of the tinkgm-
ptoms. In contrast, shifting the placebo groufeterfew
therapy resulted in a reduction of the pain intgnas
well as the severity of the linked symptoms. Theselts
suggest that consuming a feverfew leaf prepargiion

tumours’ Curcumin was administered orally at a dose ofphylactically, can ease profoundly the pain intgnand

375 mg three times a day for a period of 6-22 m®ith
eight patients. They were followed up for a peradd2
years at three monthly intervals. Five patientapieted
the study; four recovered completely and with ocagent,
the swelling regressed completely with some peansist
limitation of movement. No side effects were noted
any of the patients and there was no recurrenesedon
these results the author suggested that curcunuital de
used as a safe and effective drug in the treatroént
idiopathic inflammatory orbital pseudotumours.

The anti-inflammatory activity of curcumin mainly
due to inhibition of arachidonic acid (AA) metatsoli®
cyclooxygenase (COX)X lipoxygenase (LOXJ' cyto-
kinesinterleukin (IL) and tumor necrosis factfNF)'**3
and nuclear factor kappa B (NdB).** Curcumin is also
reported to stabilize lysosomal membré&ne.

OCH,

Fig. 1. Curcumin.

Parthenolide

Parthenolide (Fig. 2) is the major sesquiterpermtoise
found in Mexican India medicinal plants and in fifeas
(Tanacetum parthenium).™®  Sesquiterpene lactone-
containing plants exert anti-inflammatory activitgd are
frequently used by Mexican Indians for the treathan
infections of the skin and other orgdfifarthenolide has

the prevalence of the typical symptoms associatitd w
migraine attacks.

Parthenolide exerts its anti-inflammatory efféoy
several mechanisms. Parthenolide inhibits theesgion
of genes involved in inflammation such as nitriadex
(NO) synthasé? intracellular adhesion molecule®and
pro-inflammatory cytokines TNE; IL-1, IL-4, IL-8 and
IL-12.25%*26 parthenolide are also potent inhibitors of the
pro-inflammatory transcription factor NEB which is a
key regulator of the cellular inflammatory and inmau
responsé’ 2

Fig. 2. Parthenolide.

Cucurbitacins

Cucurbitacins were originally isolated as the bitbein-
ciples of the Cucurbitaceae, and later foundedeinega
within other plant familie$® Cucurbitacins are a group of
highly structurally diverse triterpenes, charaatedi by
the tetracyclic cucurbitane nucleus skeleton, ngni€-
(10-9p)-abeo-1@lanost5ene (Fig. 3f.According to the
characteristics of their structures, cucurbitacime di-
vided into twelve categorié8 Cucurbitacins such as cu-
curbitacin B, D, E, |, dihydrocucurbitacin B, cucitégin

R have anti-inflammatory activit}};**Peterset al.,(1999)
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reported that cucurbitacin B shows anti-inflammgator
action in experimental modelsn vivo.*? Recio et al.,
(2004) evaluated the anti-inflammatory activity dihy-
drocucurbitacin B and cucurbitacin R via severglezk

1,8-cineol in asthma and a new rational for its ase

mucolytic agent in upper and lower airway diseases.
Juergenst al., (1998) investigated the effect of 1,8-

cineole on AA metabolism in blood monocytes of @iaits

mental models of pain and inflammation. The resultswith bronchial asthma, where 1,8-cineole was shtwn

indicate that both compounds show inhibition atitigi of

inhibit leukotriene B (LTB,) and PGE* The same

carrageenan-induced mouse paw oedema, phospholipag®up reported that 1,8-cineole inhibits the prdiguncof
A, (PLAy)-induced mouse paw oedema, and serotoninTNF-a, IL-1B, LTB, and thromboxane B(TXB,) highly
induced mouse paw oederia. in a dose-dependent man#er.

Although the cytotoxicity of cucurbitacins wiasown
before 1800 AD, very little is known about the mach
nism of the effect of cucurbitacins at the celluéard
molecular level.Peteret al., (1999)reported that the anti-
inflammatory activity of cucurbitacins frorilbrandia
ebracteata can be related to the inhibition of the pro-
duction of prostaglandin E(PGE).** Recently it was
reported that 23, 24-dihydrocucurbitacin D (DHCDaym
exert anti-inflammatory activity by inhibition of O
generation through blockingNF-«B activation, and
DHCD could be a useful substance for developingr ant
inflammatory drugs?

Fig. 4. 1, 8Cineole.

Pseudopterosins
Pseudopterosins are a diterpene glycosides miftane
the Caribbean gorgonianPseudopterogorgia elisa-
bethae.***? Pseudopterosins aseco-pseudopterosins are
isolated as pseudopterosins A-L by Loetkal., (1986)
(Fig. 5)* pseudopterosins M-O arsdco-pseudopterosins
E-G by Ataet al., (2003)**pseudopterosins P-Z aseto-
pseudopterosins H by Rodri’gueizl., (2004)* Pseudo-
pterosins is the first commercialized marine ndtpra-
duct for human use, used commercially in an Estee
Lauder skin crearff. Look et al., (1986) reported that
pseudopterosins A exhibits superior anti-inflammato
activity compared to some topical anti-inflammatory
drugs such as indomethacin in their asSaylayeret al.,
(1998) evaluated the anti-inflammatory activitiy pgeu-
dopterosin E and pseudopterosin A. The results sthowe
they are both effectiven reducing phorbol 12-myristate
13-acetate-induced mouse ear oedema and they texhibi
in vivo analgesic activity in phenyl-p-benzoquinone-
induced writhing®®

Research suggests that the pseudopterosinsnmaay
diate their anti-inflammatory effects by inhibitirgjco-
sanoid release from inflammatory cells in a conedinn
and dose-dependent manffeilthough the pseudopte-
rosins have not yet been developed as anti-inflaimya
drugs, a partially purified extract d¥seudopterogorgia
elisabethae is used as an additive in cosmetic products

Fig. 3. Basic structure of cucurbitacin.

1,8-Cineole

1,8-Cineole (cineole, eucalyptol) (Fig. 4), a manpene
oxide, is present in many essential oils from euatals,
sage, rosemary, psidium and other pldnts8-cineole is
often employed by the pharmaceutical industry ingdr
formulations as a percutaneous enharit#ris also con-
sidered useful for the treatment of bronchitisusitis and
rheumatisni® Santoet al., (2000) used experimental in-
flammation in rats to verify the anti-inflammatoagtion
of 1,8-cineole; the results showed that the 1,@al® has
an inhibitory effect on carrageenan-induced paweos
cotton pellet-induced granuloma, and the acetid-aci
induced increase in peritoneal capillary permesifiin
another study, Santet al., (2004)found that 1,8-cineol
can prevent colitis induced by trinitrobenzene nilf
acid in rats’ Juergent al., (2003) evaluated the anti-
inflammatory efficacy of 1,8-cineol in treatment of . e .
as.thmet”.8 In th_is doublg—blind, placebo—controlled tria], zgsea er:?é)rls(; m;:;zcea“?nc?i];it:; ptsr;lfg op;;erozlr?ﬂ/a?ti_
thirty-two patients with steroid-dependent bronthia inflammatory agerf?

asthma were randomly allocated to receive eith€rrag
1,8-cineol three times a day or placebo in small gut
soluble capsules for 12 weeks after determining the
effective oral steroid dosage during a 2 month irun-
phase. The steroid-saving effect of 1,8-cineol énese
asthma was investigated. The results showed thbt da
prednisolone dosage reduced by 36% in the treatment
group, only 7% in the placebo group £ 0.006), twelve

of 16 patients receiving 1,8-cineol achieved a ctida of

oral prednisolone, only i the placebogroup(P =0.012).
These results suggest an anti-inflammatory actioty

Fig. 5. Pseudopterosins A.
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Lyprinol
Lyprinol, the stabilized lipid extract of the New Zaad

reversible inhibition of platelet aggregation, ar@ipec-
toris, bronchitis, sinusitis, surgical traumaspthbophle-

green-lipped mussel (NZGLM) is currently used to re-bitis, pyelonephritis and enhanced absorption ofyst*

lieve symptoms of arthritis. The oil of the NZGLMrzo
tains a complex mixture of triglycerides, sterdees, ste-
rols, polar lipids and free fatty aciffs.Lyprinol has
shown significant anti-inflammatory activity on adant-
induced polyarthritis and collagen (I)-induced @aut
allergic arthritis in Wistar and Dark Agouti réfs.
Tenikoff D et al., (2004) compared the effect of Lyprinol
and fish oil (EPA/DHA) pre-treatments on experinadiyt
induced inflammatory bowel disease (IBD) in miceeTh
results showed that Lyprinol may be potentially ubaf
ameliorating symptoms of IBY. The lack of effect of
fish oil indicates that the benefit of Lyprinol igtra
butable to components of the stabilized lipid estt@ther
than its omega 3 content. There are several alirsitu-
dies, either controlled or randomized, which hagesdn-
strated significant anti-inflammatory activity irafents
with osteoarthritis, rheumatoid arthritis, asthraag other
inflammatory conditions. In a multicenter triaixty pa-
tients with symptomatic osteoarthritis of the kel hip
were included to receive Lyprinol at a dose of 2scigs
twice a day for 4- and 8-week. After a 4- and &ke
treatment period, 53% and 80% (respectively) ofepét
experienced significant pain relief, and improveimeh
joint function. There was no reported adverse eftkct
ring this clinical trial*® Gruenwaldet al., (2004) inve-
stigated the efficacy and tolerability of combioatiof

Currently, bromelain is used for acute inflammateand
sports injuries. It is not a licensed medical prctdand is
freely available to the general public in healtbdstores
and pharmacies in the USA and Eurdpe.

A large body of scientific research shows that-
melain is a potential product for treatment of oste
arthritis®™ Bromelain was first reported to be used as an
anti-inflammatory for use in both rheumatoid artikrand
osteoarthritic patients in 1962 Walker et al., (2002)
investigated the effects of bromelain on mild adiee
pain of less than 3 months duration in otherwisalthg
adults®® In this open, dose-ranging postal study, two
validated questionnaires (WOMAC knee health Index a
the Psychological Well-Being Index) were completad
baseline and after one month's intervention withnie-
lain, randomly allocated to volunteers as eithedrd@ or
400mg per day. Seventy-seven subjects completed th
study. In both treatment groups, all WOMAC symptom
dimension scores were significantly reduced contpare
with baseline, with reductions in the final battetgtal
symptom score) of 41 and 59% € 0.0001 and <0.0001)
respectively. Improvements in total symptom sdére
0.036) and the stiffnes® (= 0.026) and physical function
(P = 0.021) dimensions were significantly greatethn
high-dose (400 mg per day) compared with the losedo
group. Compared to baseline, overall psychologicl-

Lyprinol and high concentrations of EPA and DHA in being was significantly improved in both groupseaft

inflammatory rheumatoid disordet$.In this 12-week
drug-monitoring study, fifty adult men and womerttwi

treatment P= 0.015 andP= 0.0003), and a significant
dose-response relationship was observed. The results

inflammatory rheumatoid arthritis received Sani®lio show that bromelain may be effective in ameliotin

Mussel Lyprinol Lipid Complex. Thirty-four of 50 pa-
tients required drug therapy before and duringstiuely.
By the end of the study, twenty-one patients wéde &
reduce their dosage and 13 were able to terminaig d

physical symptoms and improving general well-beimg
otherwise healthy adults suffering from mild knesnpin
a dose-dependant manner.

The mechanism of anti-inflammatory action @b-b

therapy. At the end of the treatment period, 38%ewe melain is reviewed They suggest that bromelain’s anti-
regarded symptom free and the number of patients wi inflammatory action is mediated by increasing serum

severe pain decreased significantly from 60% aélbees
to 25% at the end. The special combination of Lygrin
and omega-3 fatty acids was generally very wediratkd,
with only one, nonserious adverse event reportbasé
results showed that dietary supplement may thexdber
considered an effective and well-tolerated compbrén
treatment regimens for inflammatory rheumatoid rérth
The mechanism by which Lyprinol exerts its Wi
effect remains to be elucidated. Lyprinol has b&temwn
to reduce the proinflammatory LEBn human mono-

fibrinolytic activity, reducing plasma fibrinogereJels
and decreasing bradykinin levels (which resultsren
duced vascular permeability) and hence reducingmed
and pain; by decreasing levels of PGHd thromboxane
A, (TXA,); and by modulation of certain immune cell
surface adhesion molecules.

Flavonoids
Flavonoids are a class of group of natural substmgth
variable phenolic structures widely distributedhe plant

cytes® It is currently postulated that Lyprinol elicits an kingdom, and are found in fruits, vegetables, grabark,

anti-inflammatory effect, via EPA inhibition of both-

roots, stems, flowers, tea, and wine. More thaf040

lipoxygenase (5-LOX) and COX arachidonate oxyge-varieties of flavonoids have been identifiédhe 4 main

nation pathways®> A human study has shown NZGLM
lipids reduce levels of TXB PGB, and IL-13, with

groups of flavonoids are flavones, flavanones, atates,
anthocyanins (Fig. 6). A fairly large number of plants

similar potency to low-dose omega-3 polyunsaturatedknown to contain flavonoids are used in folk meakgiin

fatty acids supplementatioh.

Bromelain

Bromelain is a crude, aqueous extract obtained fsoth
the stem and fruit of the pineapple plant, whichtams a
number of proteolytic enzymé%.Bromelain has been
shown to have a number of beneficial effects inicigd

some cases as anti-inflammatory agéhss.variety ofin
vitro andin vivo experiments have shown that selected
flavonoids possess anti-inflammatory acti-vity. Tamn,
a tetramethoxy flavone isolated frdegletes viscosa, was
shown to have anti-inflammatory activity in
carrageenan-induced pleurisy t&stBorissova et al.,
(1994) found that the anthocyane flavonoids inrthtiral

rat
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juice from Aronia melanocarpa have anti-inflammatory activity in a mouse oedema assay, however Frutice-
effects in histamine-induced or serotonin-inducgichind ~ saponin B has the highest anti-inflammatory aqti%it
paw test® Pelzeret al., (1998) investigated the anti- Seven triterpene saponins were isolated from thehane
inflammatory activity of 30 flavonoids isolated fmo  nolic extract of the aerial parts @upleurum rotundi-
several plants of the Compositae family, and fotimat ~ folium by Navarroet al., (2001)%® All these saponins
all the flavonoids tested have anti-inflammatoryiaty proved to be effective against [2Tetradecanoyl-
depending on both their structure and the methed ér  phorbol-13-acetate (TPA)-induced ear oedema in mice,
the assay’ One of the most common flavonoids in natureonly two saponins were active in reducing the TPA
is quercetin, which is normally present as a glidms multiple-dose model of skin chronic inflammation in
such as quercitrin (3-rutinoside) or rutin (3-rharside). mice® Esculentoside A, a triterpenoid saponin, isolate
Quercetin is found in abundance in onions, apfes;  from Phytolacca esculent, suppressed the acute and chro-
ccoli, and berries. Quercitrin and rutin displanbficial  nic inflammation strikingly in different animal mets®®
effects in experimental inflammation in the ratueed by Two triterpenoid saponins, kalopanaxsaponiransl
trinitrobenzene sulfonic acfth. pictoside A, were isolated from the stem barkKaio-
The mechanism by which flavonoids exert tlagiti-  panax pictus and showed significant anti-inflammatory
inflammatory effects involves the inhibition of COahd  activity at the oral dose of 50 mg/ml evaluated vag-
LOX activities, eicosanoid biosynthesis, and nettiop cular permeability tesf Choi et al., (2002) reported that
degranulation. Selective flavonoids such as quercet KalopanaxsaponiA, extracted fromKalopanax pictus,
inhibited both COX and LOX activiti€¥. Wanget al.,  could reduce rheumatoidal syndromes in the ratedea
(1999) found that anthocyanins and their aglyconewith Freunds complete adjuvant reagent through- anti
cyanidin, from tart cherries could inhibit the aittes of  oxidative mechanism&.
COX-1 and COX-22 Hou et al., (2005) found that Tea-leaf saponin, a mixture of saponin sepdrftanm
anthocyanidins inhibit lipopolysaccharide-induce@®>G leaves ofCamellia sinensis var. sinensis, inhibited rat
2 expression by activating mitogen-activated protei paw oedema induced by carrageenin in a dose depende
kinase (MAPK) pathways and provide the first molacu manner’® Two groups of saponins, TS-1 and TS-2, iso-
basis for the anti-inflammatory properties of antho lated from root extract oCamellia sinensis also inhi-
cyanidins®® Damaset al., (1985) suggest that catechin bited carrageenan-induced paw oedema in'tats.
dimers at low doses have an anti-inflammatory ¢ffec  Aescin, the main active constituentAasculus hippo-
which may depend on prostaglandin synthesis inhicastanum, is a complex mixture of triterpenoid saponin
bition.®° glycosides. It has been shown to have anti-oedrmat
OH OH anti-inflammatory and venotonic properties in diet
animal model$* Weiet al., (2004) isolated six saponins,
HO 0 HO_~_ 0 escin la, escin Ib, isoescin la, isoescin Ib, d@sacin I,
O | | aesculiside A, from the seed éfesculus chinensis, a
x medicinal plant widely distributed in mid-westerhi@a.
OH © OH © They comparedthe anti-inflammatory activity of four
A B main saponins, escin la, escin Ib, isoescin lassim Ib,
OH OH with the total saponin extracts. Single saponinewsh
‘ o, _AOH more potent activity than total saponin extractmine.”
HO %% HO o | da Silveet al., (2002) isolated a new steroidal saponin
O > m from the leaves ofgave attenuata, and investigated it's
oH OH anti-inflammatory activity using the capillary pezat
OH OH bility assay. It inhibits the increase in vascyi@rmea-
c D bility caused by acetic acid. Loni-ceroside A, isolated
Fig. 6. The structure of each group of flavonoids (A) Fia&o  from the aerial parts ofonicera japonica, shows anti-
(B) Flavanone, (C) Anthocyanin, (D) Catechin. inflammatory activity comparable to aspifin.In 2003, a
new triterpenoid saponin, loni-ceroside C was isala
from the aerial parts dfonicera japonica by Kwaket al.,
Saponins (2003). They found that Loni-ceroside C posseBseso
Saponins are a group of glycosides found in maaptpl  antiinflammatory activity against mouse ear oedgmma
Saponins can be classified into two groups basethen vokedby croton oil’®
nature of their aglycone skeleto@ne group consists of Buddlejasaponin 1V, isolated by Juegal., (2005)
the steroidal saponins and the other group considise  from the aerial portion dPleurospermum kamtschaticum,
triterpenoid saponins (Fig. 9.There are a number of significantly inhibits NO production, and it alsdgisi-
saponins isolated from various plants which have- an ficantly decreases PGEnd TNFe release in the lipo-
inflammatory activity. polysaccharide-activated macrophage Raw 264.7.cells
Justet al., (1998) isolated three saponins (Frutice-Buddlejasaponin IV is a major bioactive saponirPiau-
saponin A, Fruticesaponin B, Fruticesaponin C) fromrospermum kamtschaticum and thus its inhibitory effect
Bupleurum fruticescens, and investigated their anti- on NO, PGEand TNFe formation might be associated
inflammatory effects. All of them exert anti-inflamatory ~ with its putative anti-inflammatory effe€t.
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Boswellia serrata gumresin
Boswellia serrata is native to India and has been used in
traditional Ajurvedic medicine for the treatmentiofla-
mmatory diseases in IndfaThe gum resin oBoswellia
serrata called ‘salai guggul’ or ‘Indian olibanum’ is
obtained from the bark dBoswellia serrata after injury.
It is fragrant and burns with a pleasant odour iangsed
as incense in religious ceremonies and worshigedent
years the gum resin has been used extensivelyanzh
ceutical formulations for relieving pains and acghes
particularly associated with arthritis. Many conmoiel
formulations of salai guggul in the form of ointnign
Marine sponge natural products creams and capsules are available on the m&rket.
There are many anti-inflammatory natural productenfr Boswellia serrata gum resin contains a monoterpene
marine sponge. Eighty four anti-inflammatory compasin essential oil (3-10%), resin acids (60-70%), andewa
dominated by isoprenoid derived metabolites, egfigci soluble gum (about 20%Boswellia serrata gum resin
sesterterpenes (means 2.5 terpenes) have beetedsolahas been reported to have anti-inflammatory agtivit
from marine spong€¥. The most commonly used assay There are several clinical trials which shown to riave
to assesanti-inflammatory activity ofnatural products symptoms of ulcerative colitis and Crohn's disea&s.a
from marine sponge is the inactivation of BLARLA, result of its alleged safety, boswellia was consdesu-
enzymes hydrolyze phospholipids at the sn-2 pesitib  perior over mesalazine in terms of a benefit-risla-e
the glycerol backbone, generating AA. AA is thentare luation®® Guptaet al., (2001) studied the gum resin of
bolized via several different pathways to form the  Boswellia serrata for the treatment of chronic colitié. In
flammatory compounds prostaglandins, thromboxanethis study, thirty patients with chronic colitis keein-
and leukotriene® cluded. Twenty were given a preparation of the gum
Manoalide (Fig. 8) is probably the most welbkwn of  resin ofBoswellia serrata at a dose of 300mg three times
all anti-inflammatory products from sponge and wasa day for 6 weeks, and lffatients were given sulfa-
originally isolated by de Silva and Scheuer in 19%80n  salazine at a dose of 1g three times a day foreéksvand
the spongeluffariella variahilis® Manoalide’s anti- served as controls. Out of 20 patients treateti Bits-
inflammatory properties have been studied extehsive wellia serrata gum resin, 18 patients showed an im-
The anti-inflammatory effects of Manoalide is based provement. In the control group 6 out of 10 pasten
the irreversibly inhibition of PLAwith the corresponding showed similar results with the same parametenst o®
modification of a specific number of its lysine iceees®® 20 patients treated witBoswellia serrata gum resin 14
The original compound was licensed to Allergan andwvent into remission while in the case of sulfasalaz
placed into clinical trials as a topical antipstdavith a  remission rate was 4 out of 10. This shows thgtiia
company code name of AGN-190083Four anti- resin preparation fromBoswellia serrata could be
inflammatory pyridinium alkaloids, named spongidine effective in the treatment of chronic colitis withinimal
A-D, were isolated from a Vanuatu sponge of theugen side effects. Research has shown that it is pertizp
Soongia. Spongidines A-D inhibited five secretory PLA triterpenoid boswellic acids in tH&oswellia serrata gum
enzymes and none of the compounds exhibited cyitotoxresin which exert the anti-inflammatory acitiynBos-
effects on human neutrophils at the concentrationsvellic acids inhibit the enzyme 5-LOX, thereby reihg
tested® the production of the potent inflammatory mediatdhe
As well as variation in the classes of spongaural  leukotrienes?
products that possess anti-inflammatory activityese
compounds exert anti-inflammatory activity through Conclusions
different mechanisms. Some compounds such as Man&urrent interest leads to the search for new nhpana
alidé®?, spongidines A-B¥, petrosaspongiolides M3  ducts with anti-inflammatory activity. Extensiveiesuti-
and dysidenones A, B and dysidihare potent inhibitors fic research deals with the finding, extractingapha-
of the enzyme PLA which is intimately involved in the cological effects and mechanism by which natural- pr
initial step of the inflammatory response. Cyclo-ducts exert their activity. As demonstrated irs ttaview,
amphilectene 2, a novel marine diterpene isolatethf the potential for natural products as sources afjsirto
the Vanuatu spong&xinella sp. is an inhibitor of the NF- cover a very wide range of pharmacological effasts
kB pathway, exhibits topical anti-inflammatory adt*® now being realized. It is probable that withinesavfyears
novel agents from natural products will enter the
commercial industry as anti-inflammatory drugs. ti¢
same time, the place of anti-inflammatory foodsthe
human diet will be better defined and developed; may
constitute a safer and more comprehensive apprtach
human health than isolated food components or &stra

RO
RO

A B
Fig. 7. Aglycone skeletons of (A) Triterpenoid saponins.
(B) Steroidal saponins. R = sugar moiety.

Fig.8. Manoalide
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