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4. Analysis of natural products -
Sesquiteipene lactones as

anti-inflammatory agents

Vanja I'4. Tadi6r, Silva Dobrii'z, Goran M. Markovitr and Dragica Boiovicr
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Abstract- Sesquitcrpcne lactones (SQTLs), a spccial class of
terperoids, with morc than 30 skeleton subtypes, alc sccondary
metabolites from numeLous gcncm of Asteracede, Lauraceae,
Apiaceoe, lllrs ccaac MagnoIioceae ard liverworts (H"z.rrl.de).

SQTLs are known to possess antirnicrobial, antitumor, anti-
inflaumatory, and allergenic potency, and thc offccts on the certml
nervous and cardiovascular system.

The papo presents the rnethodology il isolation, puification,
shucture elucidetion, as sell s stmctue.activit)' rclationships ol
SQTLS. The applications of two{imensional nuclear magnetic
resonance (2D NMR) experiments, in combination wilh othcr
spcctromctric rnethods (c.g., chcn'rical ionization mass spect.on'letry)
allow wrf rapid and straightforward assignment fol stuctui'e of
complex natu"l products. 'Ilrc exampies presentcd werE chosen to
illustrate the potential of the 2D NMR mcthods for structure
detennination of SQTb.

'l'he rnechanism of anti-inflammatory activity of this group of
secondary metabolites is describcd in detail.

Crnespondence/Reprint request: DL Vanja Tadia, Inslitule fo. MedicnEl PlaDt Research "Dr. Josif Paqdi6"
Tadcusa Kos6uska l, I 1000 Belgrade, Serbia. E nrail: vtadic@mocbilja.rs
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Introduction

Vanja NI l adii tr ,,/

OI]c o1'th, g.eatest uDmel mcdical nceds rs the effective treatmenl 01.
inllarnrnal.rrr rurd autoimrnule diseascs. lullan.rnration is thc body,s lvay ol
dealirg u,ith irleclions and tissue damage, lrur tt.re i. a f,ne ta]an"e berween
the beneficial e.ilbc6 of i flammation cascades ard their poteniial for lonr:
tcrm f issue dcsr.ructiol.ls. If the), are not contt.olled or. rcsolved. influmll. rri r'n
cascades ca;r lead to the devclopmctt oi diseases such as cfuonic asthma.
rheumatoid atlhritis- multiple sclerosis- inflartmatory box,cl ,iir"ua"_, ,rdpsoriasis. Within many inflammation cascaclcs or pathways {rere oficnpivotal molccular targcts tl1at, rr,heu neu[alizcd o, uirogo,rir.d, block t]rc,
output of thc parhway Il]. Historically. at leasl ovq the p"ast 20 yeam in the
modem era trl-thc target-based drug discoven. a relatively small numbcr ofpivotal targels have been identified that have yiclderl u,ry .uc"..stirt a,rti
inflammatory drugs. l'here are some basic principlcs Orat guide gr" ai..o.,..y
and development of successful dreraperrric ralgctr t_irst, tie targeishould bcproximal ro thc initiation ol. the disease nor neccssar-ily tie very first
initiatiu.q evenl but at leasr ciose to it. Sccond, the target shouid pl"y;;_;;i
or driviug rolc in the disease process these targets -e oft"n at k..,
regulatory poirts or mte-limiting steps in pathways 1so- ttrat btocklng such an
evcnt stops a whole series of dowrstream processes). l.hird, targets shoulcl be
unique to tire disea-sc process thus giving a dcsired pot"nf"it .t on t.t 

"disease without having unwanted ,id" "ff""a on oth". fhysiologicalprocesses. Not all ofthese fcatures need to be present to ensure suc ss but at
least one is desimble for an ct'Gctive dflrg taryct (aud this is also t ue in tlr"field of anti-irflammatory drug discoviry).' Neverth"i"rr, *L" .p".,ti"
Gatur-es ol irnmulc lesponses zurd inliammatory cascades cal t 

" "^pfoit"O 
toyield 

^ 
good anti-inflammatory targets. Foi example, many powerfulproi flrunmatory mediators, such as histamine and leuioi.i"n"s, 

-".c 
relcased

early in inllarmration cascades and blocking their- actions has proven to be a
successful source of anti-inflaum1atory drug targets i2]. Maly ol these areantagonists of endogenous proinflammatory 

-mcdiatois 
such asprostaglandins, Ieukotrieues and histamine. These clmgs includc thc

lj}11r,l" Hl_-rcceptors artagonists, lhe en;ianes 
"y"too^y!"rur"- 

t *O Z(COX-2. and COX-r) intribitors, the clokine tumor nccrosis-factors-a (TNF_
a) and ric recepror lor Oc cy,teinyl leukou-iener C4 and D.+ anlagonrsts. lhe
drscovery ol tlrcse drugs uerc enablc bccausc of ncw understaridir:g ol- rlc
pathology of inflammatory diseases and the subsequent discovery of a
plethora of these drug rargers that have been validated ljl .

- _ It is well known that, among sy,nthetic dr-ugs. the physiological anti_
inflammatory properties of glucocorticoids have been exLnsively"exploited
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ln nlar]y inflarnrnatoD, itnd auloitnt)rulrc diseases. Conicosteroids arc po19rt

anti Lrllanxnatory anC immunosuirPrcssivc agcnts but possc\\ malor

rnelabr,lic sid.' ellccts suclr as ht l,cr glvcenr ia. decreased carbirhydratc:

tolcrance and osteoporosis. On thc othcr hand, conventional non srctoidal
arlti ilrflanmatory dtugs (NSAIDs) as COX-1 inhibitor-s rnay causc gasfic
damages- u,hich rcstricl their use, ri'h:lc COX-2 seiectivc NSAlDs. although
1l-ce o1'more serious gashointcstinal adverse eflbcts. due to iul ilicreased

cardiovasculzu risk have also mauy linitations as therapeutic agerlts. Due to
thjs. naturai anti-irflanrmatory product-s have again bcoorne the subject ol
e\tensive invcstigations as potential therapeutics. Namely, as Rudyar-d

Kipling $,rote (1910): "nnythilg green dral grew out of the nrould rvas an

excellent herb to our lathers of olds..." for cenlurics, natural producb lrave
sen,ed as a major sourcc ol'dmgs and mariy of drese. such as morphine.
penicillin G, and quinine still relnain the cornerstones of modern
phaunaceutical care. Theh-doililant iole is cvidclt: in approximatcly 607u o1'

anticancer compounds and 75% of drugs 1'or ilfection diseases that are cither
natural producls or oalural products derivatives. Natural product substances

have ii.isiolicaliy sencd as the most signficant soulce of new lcads tbr
pharmaceutical development. The raprd deveiopmenls in this area after the
1980s were attributed to major advancernents in rnolecular biology where
mechauism-bascd assays werc available for rneasuring very specific and
selective activities [4].

Nah[al ]rroducts rcprcsent the niost tnpofiant source ofunique chemical
substances for evaluation with thesc nerv assaying strategies for potential
pharnaceutical utility.

Phyochenlistry studies have expericr.rced a great cieal of change during
the last century not only regarding the number of compounds describcd, but
also in the concept of pJrlochemistry itself. This change has mainly been
related to two key points: the methodologies used in phyochcmical studies
and the qucstions rcgarding appcafiig sccondary metabolitcs a.'rd their role.
In thc middle of XX ccnhrry the main chrouatographic teclnique available
was paper chromatography (PC), takmg 48 h for development. The sole
method of physical analysis for identihcation and stmcture detennination of
latural products \\,as UV speclroscopy and each spectrum took hours of
careful measureurents. Melting poinG and mired melting poirts were
required wilh elemental analysis and moleculu weight detennination.
Struchrre detemilation was obtained by degradative chenistry ard
identification of specfic moieties of the molecule.

The whole investigation was most time consuming. Within a decade,
there were a number of dramatic advalces in anal),tical techniques including
thin layer ckomatography (TI,C) and gas okomatography (GC), infrared

!o



I Clo

speclroscopy (IR), nuclear magnetic resonance Qr\4R) ald mass spectrometry
(MS) drar were powerful tools for sqramtion and sfucture deteminadon.
Refurcmq1ts and introduction of ue$, analyical techriques gready fhcilitated
natural product nsearch [5,6]. Structure elucidation technology has evolved
particularly with the development of high field NMR spectrornetry as well as

high resolution technologies in MS.
Nlost jmportant are the nvo-dimensional NMR (2D NMR) techniques

that have been developed, which allow very rapid and straighdorward
a-ssignment for structure of complex natural products. Additionally, tle
technologies of coupled liquid chromatography-mass spectromety (LC-MS)
and sitrilar techaiques provide very potent and pou,erful methodologies for
scparation and structure elucidation.

Beyond of a continuous flow of information related to the
characterization of new structures several phases may be schematically
delineated in research ofplant secondary metabolites [7]:

l. Determination of the enzl.rnatic steps leading to the common precursors

of dre metabolic pathway
The use of moiecular biology to probe the changes il gene expression
associated with the plasticity of mtuml products metabolism
The emergence of functional genomics, providing a more accurate
picture of drc divcrsity of the gcncs/cnzymcs involved in rrletabolisrn of
secondary metabolites
The cxploitation of genetic engineering lbr optimizing the secondary
metabolites profiles in plants. The lack of clear understanding ol the
biosynthesis of the targeted products, the complex interplay between
difli:reirt branchcs ol'metabolism and tllc leed for coordinate regulation
of n.rultiple gene activities are among the main limiting factors for
complete success in engineering biospthetic pathways leading to plart

vaDra M ladia r/ .r/

).

natural products
5. The cxplosion of pharmacological ald clinical studies supporting drc

traditional application of plants

The developmcnt of phytochenical sludies in particular, and ol natural
products chemistry in a wider scnse, would never have been possible without
klowledge of the cheilical structures of thcse compounds. Two key issues
cofltilluously challengc this goal: (i) to obtain sulficient anounts of pure

compounds and (ii) the use of dre appropriate tools to elucidate their
chemical structures.

The advances in chromatography and structural elucidation techniques
allowed al increase in the number of compounds isolated and characterized
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and expanded the snrdy of their ecological and physiological roles: the
everlasting questions of'why?' and 'fbr rvhat?'

Perhaps the strongest impelus lor devclopment of new ratural products is

*rc advancement in bioassay t,;ch:rology over the lixt sevcral ycars. We now
have highly automated, very specific and selective bioassays in which
mal,erials, including natural producls preparations, can be evaluated quickly
and economically. Indeed, advances in bioassay technology have been so
great that dre availability of substar.ces for evaluation has become more
limiting than dre abilig to carry out those evaluations. Once biological
activiry has been demonstmted in an appropriate bioassay or primary screen,
wc now have available, based upon advances in sepanations and structure
elucidation technology, the capability io isolate, puriS and detennine the
chemical structure of the active constituent in a few days or, at most, a few
weeks. The advances in separations technology are particularly associated
with high performance chromatography methodologies. Most recently,
improved methodologies in countercurrent partition chromatography (CCPC)
have further expanded the capabilities for separations.

Taking into accourt the importance of sesquiterpene lactones (SQTI-s) as

secondary metabolites and their pharmacological properties, the purpose of
the current review was to present the examples of advanced techniques for
struchrre elucidation of isolated compounds (SQTLs) from plant material, the
poturtial of 2D NMR methods in structure determination of SQTLS, and to
present the methodology used for detecting the anti-inllammatory activity of
some well-knorvn SQTIs and its mechanism.

1. Sesquiterpene lactores

1.1. Significance of sesquiterpene lactones

Sesquitcrperc lactones ale one of dre largest biogenetically homogclous
groups of natural products lorown. Cunently, the Dicliouata of Natural
Products holds ovcr 11000 entries on sesquitcrpene. of which almost 5000
conLain at lcast one lactone group. SQTI-s are a special class of terpenoi&s
u,idr more than 30 skeleton subtyres and severcl substitutional feahrres

[8-10]. They are t]pical metabolites liom the largc planl f:al^tily Asteruceue,
but arc also present in sp(x)ics lrom Lauraceae, Apiaceae, Burseraceae a\ad

Itlagnolfuiceae as well as in liveru,ofis (Hepaticae). Since the SQTLs show a
vast a[ay of biological activitics, have ecological importance and are used as

taxonomic markers in dre family of Asleraceae, they have chernical,
biological, medicinal and commercial irterest. ln the early 1960s, major
emphasis was on the use of SQ'fLs as taxonomic markers in systemalic
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biochcnrical studies u,itlin, first of ail thi: family A;terctceue. This provided
the inrpetus for many det?iied stnrcrural studies (]1' SQ'l'l-s in thcse plant
fanriljes. hr recent years, an increasilrg rurnber of publications dcscdbirrg dre

ecological functions of SQTLs have been reported. lhe lrrst reporr o1'dre
anlil'eedant properties of SQfl-s tn l'cnlonia spccies (l.srcrzci,ae) upon
hotivorous insccts creatcd an a\vareness of a possible ecological role of
SQILs as nalural dctcrcnts against insccts and marrmals. as toxins against
plalt padlogens and as allelophathic agcnts in plant-plant interactiols [11].
Thc biological activity of SQTLs. regarding their anti inflammatory,
antimicrobial, antivi.al, antitumor cffccts, have been dre scope of numerous
investigation perfomed in the last years [12-25],

Tlte ootnmon. ;u well as spceifio sbuctural featrlrcs of SQTLs. rcriponsible
fo, quoled activities are giverr fu,lher in the teal (part 1.3.).

1.2. Structure c.lucidation of scsquiterpcnc lactoI}cs

According to provcn chcrnota;,ionomic inlportancc ard var-ious biologicai
activities, s[xcture clucidation plays an important role in all of dre sfirdics
conceming this class of contpounds. lhe isolation of scsquiterpene from
piant material might be performed using simple procedures, namely liquid-
liquid extraction (LLE), wifi difl'erent solutions, enabling the isolation of
numerous SQTLs lion plant material [26-28]. The crude extracls obtained
then passed through several steps ofpurification, applying the combination of
repcated column cfuullatography (CC, with silicagel as adsorbent), dry-
columr flash chromatography, crystallization, prepamtive Trc, LC 129-32].
ln the shrcture elucidation of SQl'Ls, thc most rvidely used method is NMR
spectroscopy. rH NMR spectral data analysis is usually stading point, since it
is one of the most informative techniques for this purpose. Several scicntiirc
publications, including books [33,34], joumals afticles [35] and reviews

[36,37] have appeared during tbe last 30 years with the regard to this subject.

!'urdrermore, confonnational studics based on optilllization of 3D structures
as wcll as analysis of X-my diffraction data are also accessible as supportlng
infomation [38]. Additionally, an expef system has been developed to
perfonn structurc ctucidation ofSQTLS based on rrC NMR data [39]. Finally,
dre work providing the use of ueural networks as a tool for structure
elucidation oISQTI,s bascd on NMR spectroscopy appeared in 2004 [40].

The application of 2D NMR experiments, including some new variations

of the knor.m techniques (e.g., trc N\,& specaa editing using Heteronuclear
Single Quantum Correlation, HSQC) in combination with other spectrometric
methods (e.g chemical ioniution mass spectrometry, CIMS), enabled complete
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lieatrrert ultlr IrlsCrH

i0l

shucnlral asslgment and detennination of relative stereochemistry of natural
products f41,421.

Using the usual extraction procedure for rsolation of SeTts [26] in
combination column chromatography and prepantive TI.C- the- examination
of aerial part of Anthenis cqrpatica Willd. and A. montona L.. Asteraceae.
originated &om Serbia yielded thirty-one SeTLr ol Lhe same guaiadienoude
type, all of them exhibiting an exomethyene 1l(l3)double bond, and one of
germacranolide fype (Figures I,2). The extraction proce<iure is shown on the
Scheme I.

cllcli

CnCir iolLtle &adi!!L af f!de eitraci i

CC (Silica gel 60,0 063,0 2c0 mm),
eluhon stTted @itl ! etro1, p!1mtl,
sradually lnrcasedhy addrrotr of Et:O,
ed fnally i\emixtue olEho aad

Pui[.a!o, [cc, (ysr.llz..]o4 TLC
F,e!aahrB. Lc (Li.LroFrep S, 60. Si
gell,40 50 rm. ai 2 6 Ed)l

*our *loence rn e:tracrion. a.l isol3bon
procedure of S QTLS showed that rhE 5olve1t3

ff:?fJ#::ffi1,1,"'"1 
MeoH (r,,/,s

Scheme l. Procedure ofcxtraotion, isolation and purification ofSeTLs isolated frorn
aerial parts l. carpatica arld A. montane.

-4rrdriEd pans !f ple,.s, grouaded. and rhen r.eded with
solvot, or rheir ombinadon* for 24 h ar.oom

temp (ature

Cn d e efi.a.t I (u;rhort l o, g .h ai, sahjrrie d
hy&acabor,

Ahsorted. drymirlwe qrpli€d on Si sel colun (0 061
0.200t1m)

fr" Do., 0ll..r.d dJ .' F(Lett 4rr /rrJ t& ril t.tr,/ F
TL,C in od r m ect roeclhF, rhl s,r :jU a d SOTLS

ruiirtuig k.':r,ois frr irh.r nu,. 6.rhois



104

rH ard r3C NMR assignment and
SQIL. ucrc bascd orr $e characterislic

Varja M. Tadic e/ d/.

sfucnrre determination of the isolated
chemical shilis and couplings obtained

by the fi.nt-order analysis combined witlr 2D NMR measurements, such as

Double Quantum Filtered (DQF)COSY Conelated Spectroscopy), TOCSY
(Total Conelated Spectrosmpy), NOESY (Nuclear Overhouser Effect

Spectroscopy), HSQC and HMBC (Heteronuclear Multiple Band Correlation)
per{omed on isolatsl compoun& [32,43], Schematjcally, the procedure used in
stmcturc elucidatiou of isolatcd SQTLs are prcsurtcd on Schcme 2.

lR (.anonrl6&dd I uio cdL
q,'cal forqD{nsaturaEd }.

Ms (DCLMr. 
l

HRC]I,I S

":lIe l

t r*a.A*, r*-.a roo"r c..w
I (,:of.ld4 sprh{or!)
I R.v.dr (otu(tqhs d,rcud' rfr . oef mk
ol$.ld @uplEgs (c0tact @ors
dirEdycoupledrotond lld * 2 it4
!ond! aw.y); (tmpk SQTL la)

HoEsY (N!d.a or.d{se. Effecr

a,:tG b D0tub.inc0hermr
d€ndudio tasla C e, cLeaDal
dDh-ee ed dosrdaarioa) Us.tu1 6rr
i!G@dcc\rld orstdoleolr
lt gmmtinddiac.onlomatonal
6chis, (Exarl., SQTL 5)

SQc (Hehtud.d sr.sle Quahrq

!shtlish6 cord ahos b ekra p!0bns
ad ,liEd, !onded hddtu.1.ir tbur it
disc.or reiolace5.lpioionai.d

Scheme 2. Methods used to elucidatc the structure of SQTLs isolated from
A- carpatica and A. montana.

rOCSY Gotal CordrEd S!ech$o!r)
Rcueds $€comecdviriE mmg lllne
.p'c toh rhe coul)lsgles <(us€tuI tor
idanf cdio! of unole sp1i,.tut):

HMBc (Htunal6 Multipl. Bad

'sbuishd 
.odd&on tt@ud, s:Ir

btBronu.led dupling.oo$dk, thus

ttud sevral cnecal b@ds 'Illi.
aatles de&dioa Dt nonprohndcd nuclo
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Figure 2. Ncu' gcrmacranolidc isolated from rhe acrial parts of A_ corpdlica_

The spechal data confirming the -ctmcture of lactones (Figure 1) rvere in
accordance rvith the same type of euaiadien-6,12n-olide skeleton (excq)tion
\/as new germacranolide 32, Figure 2, isolated from A. carpetticl),
oxygcnated at C-9 and C-10, with l0a-OIt and 9a-OAc (or OH). Cumambrin
B (15). containing no oxygen functionality at C-9, wa^s the exception. as well.
Thc similar tiequency of a lactone carbonyl band (3750 cm-r) in all
oompounds, typical lor r1B unsaturated-y-lactofles, together with two
characteristic doublets (or double doublets in some cirses) in olefinic reeion
(6 > 5.5 in all solvent use<I) of their rH NMR spectr-a, assigrJ ro
exouredrylenc protons 13 and l3', revealed the exocyclic I 1,13-doublc bond.
According to the positiol'r of thc remaining double bond, all isolated lactones
are dividetl into three groups: Ar, Ar, artl Aa. The commonrH NMR spectral
characteristic- for_ all isolated SQ1'Ls, as well the specilic features tbr SQTIs
containing 42. Ar, or Aa double bond are presentcd in Figure 3a-d.

I-actones 2-5, 1-70. 14.26 ard 31 (rigure 1), exhibited a hydroperoxy
function that was identified on the ba^sis of spectroscopic evidence. All
hydroperoxy lactones also exhibited specific peroxide (red) colored Trc iest
u,ith N,N-dimethyl-p-phenylendiammonium dichloride [44]. Direct chemical
ionization mass spectrometry (DCIMS) (isobutane) revealed more structural
information compared to electrospray ionization (ESI) applied in some cases.

Namely, DCIMS yielded [M+H]* ions and also abundant fragmentation
iors obtained via elimination of neutral molecules, such as [M+I1-]I2O]r,
[M+H-AcOH]+ and [M+H-HrOr]t, frqm the lactones containing OH, OAc or
OOH groups respectively.
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Figurc 3. Cha|actcristic chenricirl sli;its in rll (CjDjN) NMR spectra and coupliDgs
assigncd to SQTLS is olatcd ftofi A. carpatica and A. ft1ontdt1.t; a) common ior isolated
SQTLs; b) comnon lor A2-lactones; c) common lor.{3-lacbnes; and d) conmon for
A1-lactoncs

In structuml dea:nninariol, a speciai attention rvas paid to laoLone 18.
As far as tirclH NMR spectn are concemcd, this lactone exhibited rather
broad rcsonanccs at roorn lemperature, which was due to a conformational
exchange at intennediate rate (ou the NMI{ time scale). Such a behavior,
not typical fol guaianolides, is observed more fiequently among the
conformatioanlly mobile gennacranolides. The existence of conlonnational
exchange was confirmed by a low-temperature NMR (CDCI3) study (!'igures
4,5). At -57 0C, most ol the broad multiples split into pairs of sharp, well-
resolved signals, connected by positive cross peaks in NOESY (Figure 6).
These data gave evidence of existence of two conformers, 18A and 18B,
wittr 18B sLightly predominating (iniensity ratio ofabout l:l .16). In systems

rtlL

I

It

,t -.
.ri(,,,'4 ),\ t'

:

iifl,[i Jtt
4. rt\ rrnlt, .a\t,:,\ !,:!.,

I ill .,\t lL
,/I. ,,\r, tiJ -

''1"1''"

.I

^!::''
"P( -',"

Y

L/.



108 Vanja M Tadii ?/.)/.

Figure 4. Terrpcratu rc in fl ucncc on 'tl13ooIr,Iftr;NUn spectra oflactones 18: a) 24 
0C;

b) -i9 oC: c)--10 oci 
and d) -57 oC.

b

Figure 5. rH NMR spccha of lactone 18 in CDCII pcrfomrcd at (a) 24 0C 
and (b) -57 oci

* - impurities.
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b

Figure 6. (a) Expansion ofthe low-tcmpcraturc C57 
0C) rH NMR spcctrum oflactone

f8 in CDC13; (b) Positivc conelations due to a slow confomlationai exchange in
lactonc 18.

mutually exchangiag at a slou, rate, such as l 8A :.-_ 1gB, at low
ten4)eialure. caclr conformers exhibis a sep.uate cor rclation network in DeF
COSY and also HSQC (Figure 7a, and Figure 7b. respecrively). The lirsr
order iuralysis ofthe low-tenperature rIl NMR spectruflr (Figurcs 5a, 5b and
6a) in cornbi[atiol u,ith scalar Il,I{-coupling nctrvorks ill 1gA ard 1gB,
unambiguously rusigncd in DQF COSY (F{ure 7a), as rvell as r3C 

data
ntcasured ir HSQC (I.'igure 7b) enabled identification of compound lg as
gd-acetoxycumambrin A. These NMR data were in accordance with different
(disnrrted chair) conformation of 7-membered ring in lactones lgA and 1gB, rvitl
(pseudo)arial and (pseudo)equatorial l0$rnethyl, respectively. l_actone 19
exhibited the same conformational exchange. A more detailed conformational
ana.lysis of drese lactones, involving lowtempemture NMR measurements in
different solvents, as well as tl.re evaluation of the conformations by the pM3
semiempirical method is presented in reference [45].
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Figu re 7. DQF COSY (a) ard HSeC (b) of lactone t 8 in CDCir at _30 0C.

'I1le sarne method was applied lbr all lactones sho[,n, whose stucturcs wcre
completcly resolved. The lactone 32 \\,as cxception. because of gcrmacranolide
t)pe skeletcn of among the resl isolated lactoner ofguianadienotdJs [pe. During
the extensive. longJasting 2D NMR measurements, lactone 32 was tnnstbrmed
into lactore 33, which instead of l,l0-epoxide ring. has an additional double
bond in position 9 (Figure 2). ilhe mmbination of rC 

and 2D NMR experiments,
thc ccrnparatil c arudysis tvith thc litr;r atruc data regiir-clilg dre knorvn su-ucture of
lactones 35, 36 and 37 [31, and refereuce therein], as well irs the structural data of
the prepared triacetate derivative 34, enabled the strucnue determination of,::,:*.:1 

-as 
(,!) l o,l0B-epoxy-3&acetoxy-6o.hydroxygcrmacra-4,11( t3)_dieu_

12,8ri.otide [3 t].
The rapid structural dctermination of both ntajor and minor components

of SQTLs applying the combination of LC-MS una IC-NUR demonstrated
the power of structure-guided screcning as a cornplementary method to
assay-guided screcnitg, providing at an early stage possibiiity io distinguish
novel rathcr than knom or analogues oi ptait torrstituents. 1.hus, this
combination of high-perfonlance separatiol; techniques with stmcturally
informative spectroscopic methods (MS and NMR) could altow extracts to
be screcned not just for biological, but at the same time for structural
classes 

-[46]. Recently, total sh:ucture elucidation of sesquiterpene lactones,
eremantholide C ard two of its ana.logues, known for their biological activity,
was given by Heleno et al. [47]. The detailed analysis of those results,
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(rrrclated to some compulat]onal crlculatlons (molccular rncchanicsl- led to
rrrrLrluivocal structural assignnrc,ll u ill't tl'te deteminatioo of all multiplicities
.ur(l rteasurcircnG o1' all l 

l l/l l Icoupli lgs constallts.

l.J. Slr.uc(ure - actiYity relationships of scsquiterpene la€torcs

I hl'- common structural fuatur(, oI SQT I-s is thc y-lactonc function.
Ihc rrajority of sesquitqrcnc lactonrs contain the c.-raethylen-1,-lacronc rurs
(A). with an o-oriented H-7. Despire the sreat diversitv of sesquiterpeue
skeletons- the number o1'carbocyclic ring tlpes o1-SQTLs is relatively small
(Figure 8). rr',hich is explaitred bv a r;onrnton clclodecadicnc precursor, such
as gemacrenc A obtaincd by tJre cyclisatiot of (Z,Z)-famesyl pyophosphatc
(Figure 9). An individual plart species generally yields a limited number of
skelctotr 1]?es, with oxidative r.ariatrons on these skeletons. ln gcneral- having
a broad gcographical distributiot. a given specics may exhibit considerable
irttri.'p..'rfii r ariatiorrs orr jl\ s<iqull\rpcllc strucrur(.i.

Thc activities arc mediated chcrnically by cg 6 unsaturatecl czrbonyl
structues, such as an omcdtyiene-lJacrone, an cq $u[sarurated cyclopentenone
or a corrjugated ester [48]. These structure lunctionaiities (a) rcact with
nucleophiles, especially cysteine suiflrydryl groups (b), by a Michael-t1pe
addition. Ihcreforc, exposedlhiol groups, such as oysteine residues in proteins,
appear to bc the primary targets of sesquiterpeDc lactones (Irigure 10). The
covalcnt binding to fiee sulflrydryl groups in proteils can inhibit a large
number ol biological processes such as the neu ophil migration, lysosomal
rupture and enzlmatic activity [49]. The differences in activity behYeen
hdividual SQTLs may be explailed by diflerent numbers of allrylating
structural flnctionalities. llowever. other thctors such as lipophiliciry,
molecular geometry, and the chemical ervironment of the target sulflrydryl,
affecting the steric accessibiliq, of Michael addition sites, may also influence
thc aotivity olsesquiterpene lactoncs 150 53]. Although, thc prirrary request lor
phannacological activit ' of SQTLS is thc prcsencc of simplc o-mctlylene-i,-
lactone sflucture, it has been proved that this structural ftature causcd minimal
anti-inflammatory activity. 11 is obvious that other steric requisites must be
fulfilled. ln fact, &e tlpe of structure that SQTL has is important fur the
activity, tire derivatives of pseudoguaianolide ard germacranolide skeletal tlpes
being 0re rnost active.

Quite surprisingly, despite quite a number of repofis on SeTLs bioactivity,
only very few systematic studies on structure-activity relationships (SAR) have
beor carry out. Although many sesquiterpene lactones-containing planls have
been uscd in traditional medicine of all culhres for many centuries and continue
to be utilized also in rnodem phyotherapy, therapeutic use ofSeTLs as pure



i1)

*.{

J-?

D (e8.,x-\-oH)

Figure 8. Carbocyclic ring types of sesquiteq)ene Iactones_
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Figure 9. The major skcletal q,pes of SeTLs and thcir biogenesis.
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Figure 10. Thc sEuclure functionalitics ofSQTLs tllat rcacl\\'illr rruclcopltiics. espccially

cystcinc sulflrydryl groups. by a Michael-type addition

chcmicals is rcstricted to very fe\\, exa[rples (i e aiemisinin, helenitr

L2tt, 54]). This is mainiy due to a lack of knorvlcdgc on dre shxctural

requireucnts for sclectivity wift respect to a shou'll biological activitl

Hence, besidcs (lie slructutal deiuaitds, thc gcoflrctry of cntirc molccules is

impofiant for thc expre-<sion of biological activiry.
The general tnechalisrn ol SQTLs activity is alkylation of bioiogical

uuclcophiles by cr,B-unsaturatcd carbonyl st.mctures in a N4ichael-b'pe

addition. Covalent birding of SQTLs to free sulftydryl groups in proteins

rnay interfere rvith thc functions of these macromoleculcs. Consequently,

SQTts inhibit a large number of enzymes involved in key biological

processesj such as DNA and RNA slmthesis, protein synthesis, purire
synthesis, glycolysis, citric acid cycle, and the mitochondrial electron

transport chain.
In 1997 Beekman et ol. gave an evidence o1- structure-citotoxiciry

r-elatiorxhips of some hcienanolide-typc (10a-methylpseudoguaianolide)

SQTLs t531. Determination of the inlluence of substitution pattems on the

toxicity of the investtated helenanolidcs to a cloned Ehrlich ascites tumot

cell line EN2 showed that lipophilicity and steric effects on thc accessibiliqr

of the reactive sites might be rcsponsible for intenslty of biological activity.
Although thc larget molecules allected by the sesquitcrpene lactones in the

ccll Line used in tliis str.rdy ar€ not kto$11, it is clearly dononstrated tlat
differences in substitution pattern and molecular geomet] of sesquitetpene

lactones, atlecting both the stcric accessibility of Michael addition sites and

lipopbilicity, should be considered in the interpretation of their biological
activity. The investigated SQTLs were esters of helenalin (Figure 11), the

acetate (39), isobutyrate (40), which were more active of helenalin itself (38)

Less activity was observed at lactones with larger acyl group - figlate (41)

and isovalerate (42). Esta$ of mexicanil I (43), acetate (44) and isovalerate
(45) showed the same pattern of activity. In contrast, cytotoxicity within
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Figurc I l. The SQ1'l-s ofhelenznoiide-ty'te uscd in sfucture-citotoxicit]' rclationship.

series 01' I la.l3 dihydrohclcnalin (46 49) esters was sho\\'n to be directly
miated to the sizc and lipoptrilicity of the ester side chain. The iuvestigatiou
of suxcture-acti\'r'tw relationships of SQTLs. pathenolide (50) ald their
natural analogues (Figure 12), as well as synlhetic ones (not shown, for
stucturc see cited refercloe), synthesized il1 ordcr to exaninc antl-hepatitis C

virus (IICV) effects, shorved thal spatral arangement of the terpanoid

skelelon fused with o-mcthilene-y-lactole tnoiety is required. ln addition, the

results suggest drat exo-rncthylene iactone functionality may be partly
responsible for anti-HCV activity of parthenolide and is analogues [41. Anti-
I{CV acLivities of parteluolide (50), costunolide (51), dchydrocostus lactone (52),

helenalin (53), alartolactone (54), epox,v(4,5a)4,5-dihydrosaltotin (55), 4(5)

a<poxy-4,5dihydrosantonin (56) and afiemisinin (57) was signlficant. Aldrough
die presence of cpoxide uroieLy is of signilicance irr alti-inllamnratoil actir, ity

[55], pathenolide and coshurolide shorved similar anti-]ICV activity, indicating

that the epoxide moieq, of par{renoLide played a less iurpofiant role in dre

alti HCV activity.
Dcscribed as ccnstituents of many traditionally uscd medicinal plants

with arti-inflammatory propefties, various studies have bcen constructed to
investigate how these nahtral compounds exert their anti-intlammatory effect.

SQTLs rnodulate many inflammatoty process, such as the exoc)4osis of
cathepsin G and acid phosphatase lrom the azurophilic granules of rat
polymorphonuclear leukoc)'tes, the release of histamine from mast cells and

scrotouine from blood platelets, and the exocltosis of elastase lrom human

neutrophils t49,56-5S1. They inhibit the 5-lipoxygenase and leukotriene C4

s)nthase in human blood cells [59]. SQTI-s possess pro-apoptotic effecls

that can be desirable in eliminating nonfinctional cells in tissues under
inflammation 160]. ht vivo their anti-inflammatory activity was proven in the
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Figure 12. SQTLS \!'ith anti HCV activity.

rat paw and urousc ear cdema i58-61]. Besides. it was demonstmted that
binding of the harscriptioral nuclear- lactor of activated T-cells (NFA1-) to
DNA and activator protein I (AI-1) was prcventcd by SQTIs. ReceDtly, it
was shown that SQTLs inhibit the central kanscription lactor NF-rB u2,62-
641. Tliese transcription factots play a pivotal role in controlling the
exprcssion of rnultiplc inl'lanuatorl and immune gctes involved il toxic
shock. asthrna. rheurnatoid arthritis, or cancer f65]. Stuuclural studies
identified exome[rylene group ir conjugation with lactone function as thc
decisive stmctuml featurc of SQTI-s for their inhibiLory activity. Because ol
the cental role in regulating inflalnrnatory rcsponccs. a pharmacological
inhibition of NF-rcB activation ar rluo nright be beneficial in the beatment of
jnllammation. 1he investigation oii the structure-activity rclationshrp ol
SQTI-s of all major skele{al classcs revealed that a strong NF-rc8 inhibitory
activiq/ correlates rvith dre rnedrylene lactone and conjugated keto or
aldel&e functions, but uot conjugated ester groups. Lipophilicity did not
intluence NF-rB inhibitory activity of fiis set of compounds. Fufther, the
study, in which ilvestigated compounds are with knowu mode of the action
in the NF-rB cascade, rcgarding the molecular geometry and the chemical
environment that might influence the inhibitory activity, indicated that
topological and sh'ucture-coding parameters contribute to the NF-rcB
inhibitory activity of SQTI-s widr rigid skeleton (furanoheliangolides and
guaianolides), whereas in the cases of flexible skeletons (germacrznolides)
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initibition oould bc rnostly deterInirlcd b1, reacti,,,in-codin! paramcters
(nLrn'rbcr o. 1we of orlJ urlsatur-atc-d carbouyi stmc:ture fuirctronarirics)
Cood correlations \\/L're only obtairred lor individual sub.:rou1l. oi Se.l-i-s
and not for the Se'll-s cnrire ciass of cornpounils The pitcntial compound
rvit)r strong 1'\F-KB inhibiting activity should posses lwo o-rg_unsarurated
carbo|yJ groups and an acy) morcl1, near e\ocycii( nethylene group. All
thesc rcsulls jndicate drar might be hardiy posslble ,u ."po.o," rjre warted
lherapeutic effects lrom the unwanted si<ie effecS .u"i u,.yaoro*i"igv
l-1ti,66]. No$adays, 1i1c srructure acrivjry felarionship investigariors bavc
bcen 

_per 
lormcd using tire counterpropagation neural netu,ori (CpGNrh|

model to predict Nlr-rct) inhibitorl 
.potency of known SeTt.s 167,6gj.Combiring the local radial distribution function, r_e Iectroiegatrvity and

hydrogcn bilciilg potential, the mentioned investigatiors p-rovidcC an
evideirce, that besides a-mcthylenl:_y_lactone rrroie;1l involr,ed ur theproposed reaction u,ith cystein-3g o,' rhe p65 subunit and the exocyclic
carbon atom. SQTI-s rvith more c4B-uruarurale<I carbonyl urrits ir niolq:ulc
shor.ved dre higlier NF rcB inhibitory activity. -lhe .onrt r.t"J. ,ou.,u.ut
model can contribulc to the search and optilrization of lcad structureslor the tlcr apeutically used cytokinc supprcssing remedies valuablc forthe treatment of various inflammation 

- 
,Ii-r.oa".". As anti_itflammatory

compounds- SQTLs also inhibit serotonin release. The deveioped
computational structural models allou,ed the specification of structural
features necessary for either serotonin or NF-rB inhibiting ,.tiuity. f.o. t1.,"both activity, an inract 1-lactone with an exomcthleie g.oui una un
oxygen group adjacent to this exomethylene group are essential- structuralfeaturcs. Contary to request for NF-rE in'hibiiory o"irlfy, 

-uOai,loruf

ct B-unsatumted systems have no strong impact on serotonin rclease
inhibition.

The investigation of ttre link between anti_inflammatory ard
cltotoxicilv effects of SQ1'Ls, revealed hypothesis that SeTLs bcaring
either an aqp-unsaturated cyclopentanone or an o-methylene-y_lactone
induced different for-ms o1. cell death. Whereas the cyclopentanone Sel.Ls
induced _tlpical apoptosis, the annethylene_y_l".ior" SeTls_induced
cell death. lacked parrly classical signs of apoptosis, suitr as nNa
fragmentation, 

.but showing striking -haracterisiics 
regarding following :i) strong 

,induction of Lhe phagocltic response of macropiages iy rapia a,rd
strong phosphatidylscrine exposure on target cells; and" ii) a transient
tncrease rn TNF-a levels. Thus, possible physiotogical consequences of
extemal treatment using this type of Sqifs Lay be a transient
prlintlammltory response. Improved corpse ceil clearance might contribute
to fural resolution of inflammation [69].
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2. Inflammation
2.1. [nflar mation

, . 
lnfiammation is a noma] atrd cssential rcsponse to any no\rous sturuius,

11]11tr 
tlrrc.rtor,. the hosr and nray vary liom localizcd rcsponsc to a nrore

:ll-":'l]]rf :.: It is .linicatly detured as a parhophysiologicat proccsscnaraclerved by redrrcs.. uedcnra. fer <.r.- pain. and lo5* ;l furrcr ol.rrr!-[rl]lnnlatory tcspons. cixt be divided into a series ofoverlappurg staues:aclte vascul.n-. acute ccllular. chronic celluiar and resolution. The ;flammarory
i]:::t., i. dcsigned ro frovrclc a rapid mechanism by rvhich thc host cal
:::l?1". . the invasion ot toreign materials and i"tu,-,l to homeostaric

::-:l]:r*] t)iccssrve or rnadequate activariori of rhe sysrem can have\cl l!Jus e,lcct{. a\ can cau\e tlr,. lailurc of ilacrivation mcchani.nr..
Ncutrophil grarulocltes are the conrerstorle or i,.atc.,cl huuroralirlrllluntty ln the host delence system [70]. Superoxide anions and cnzymcs,protcases -such as elastase o. .ollug",,"r", are rcleases ftom neukophils anclat'e cructal product: il tite phaguoytosis of microorganisma f7l]. Howcver,

]ltr):-.:,., *.^aric release can proroke rlc desr-ucrion .rflrcaIl:y riscue

:::-.unoto.ua to irlflan]rnrLory process. Due to this, irhibitors of ncutrophiien/)mles rele3sq might producc al arrti-infilrnrratorl effecl.
ProducG of biosyrthctic cascade of arachidonic acid have also been

::::qY"o tL, L-onrribure ro a varjety of inflammatory diseases. Arachidonic

l':"t,,o"*:.0 fionr phospholipids by vadous stimuli car be metrbolized by'''J,^ pathway to prosteglandrns (pGs) and tromboxale A2 or hvupox)gcnase (t oX1 0r,1,*o, to leukorricncs 1t ls). Sorne ol Uotl pCs anALrs are kno\^/n to be potenr proinflammatory compounds, i.e. to mediate

]1,]T,11,,"y f::.esscs. [r was loLrrd that anti_inflarxnatory action of aspirinra o rcr NSAII)S is a consequcnce olblocking the biosyrthesis ofpGs 172].
.r'll]auy, rnost sn-ldies suggest that 

"*."aair" production of
Sllll::1]li",r,-.).tokines such as rNF c, rr--1€, rL-6, and rhe potenl

;i:'",:::1,,f:ii: Ik8 are nporranr in pattroptrysilogy of rnany inflammatory

HE:sJ:s l/J. 
/4] These cytokines are all dcpendent on the tra;cription factorN'-KLJ. one of the key regulators ol genes involvcd in the immune and

:l':::l:,l"Y.y .response. NF-rcB is activated rvhen its inhibitor, IrcB, is

i{,"^t?ll"^,{,:"d^b, lr<B Kinase (rKK), then ubiquitinated ana degraded 12s1.rIIe rree NI KB ranslocates to the nucleus, binds to promoteri of NF-rB_ualPqrucnl,genes, and facilitates their transcription. It is known that NF_rcB''se,qrrr Luc ttanscnphon of a nruuber of inllammatory cltokines, such as

t"l;*-| IL-6, IL8 and TNF n. as welt as genes encoding COX-2, NO_sytluase. mmunoreceptors, ceU adhesion mol-ecules, herratipoetic growth
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lactor and gro\\lh lhctor receptors 176.77]. Bccause ol-thal- NF-rB may be

all lrlipoIt;1 tnlllel lirl t'lc\\ anti-illflamtnatory apli')ii'h!'s lol tlcrtini:

inflanlmatory di5eases.

2.2. N{echanism of anti-inflammatory activitv of sesquitcrpene lactones

SQTLs. as activc conrpourlds ol a variery ol traditionally used medicinal

plants from the Astcroceaa t'alnily. exhibited a considcmble anti-inflammatory

activity in dilfer ent inflarrnration modcls. They inhibit inflammatorl' oedema

induced by cotlon pellei granuloma, complcte Freund's adjuva[t, 4 beta-

phor-bol 12 nryristate l3 acetatc, lbnlalir, atrd carrageelan [21,23,78-81]'
Additionally, using the acetic acid-hduced writhir':gs model it was

dcmonstrated the artirrociccptive clfect of SQTLs (c g parthenolide,

costunolicle, dehythocostus lactone, budlcin A) [21,82-84]. Furlhemrore, Recio

et at. 1221, dcironstmtcd the cotrcornitant illhibjtion by difltreut SQ'fLs of
inl'lanxnatory oedcma and ieukocl'te migration to car skin oltalleuged rviih l2-
O-tetradecanoylphorbol-acetatc. All tncntioned studies, as well a^s maly othcrs

clearly demoustnted thc potcntial of SQTLa to modulate many infJammalory

processes.
It was shown tiiat SQTLs may inliibit phospholipasc 42, an enz-1Tne that

mediates release of arachidonic acid lron cell mcmbtane phospholipids, and

consequentiy fu(her slmthesis ofPGs and LTs [85]. They also inhibit release

of protezses fiom activaled flautrophils, as well as some of the

proinflamn.utory clokines and these effects are also rccognized as anti-

inflammatory ones [86-88]. However, these results have not sufftciently

cxpiailetl the ,rrolecular tnccharism by which SQTLs excrt rnri
inflammatory effect.

At present, it is thought tlrat inhibition of activation of trarscription

factor Ni- rB, a celtral regulator ofthe imtnune response, by SQTLs is a key

molecular mechanisn of thcir action, although dlis mechanism is not yet

completely elucidated, too,
1'he ttauscription t'actor N!--KB promotes tlle expression of ovcr 150

tar-get genes in rcsponsc to inflanmatory stimulators [89,90]- In mammalian

cetts, lff-*B is composed of a homo- or heterodimer of various DNA-

binding subunits. In most cell tlpes, NF-KB is composed of a p50 and p65

subunii and is rctained in the c)4oplasm bound to the inhibitory subunit IKB

in its inactive form. Constihrtive NF-KB activity in the cell nucleus can only

be detected ir1 cartain neulons, some of the cells of monocl"telmacrophage

lineage and B cells. Stimulations of the cells including inflammatory

cyoklioes, or other pathogenic agerts leads to the intracellular geneiation of
the reactive oxyger intermediates (ROIs), as a key event and results in the
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acri\,iitio,r ol hvf--Kll. Phosphorr'lation and ubirquitirllating ol Ir<B icxisrin-r rn

t\\'o nrajor lonrs, tcrrned lxB-u and IrB-p) ity aclivaling IrB kinase contpler
(lKI() rclcasc aclilc NF rll 166]: this induced degradation of lrll pr,rrerrr
urirasks dre nuclear localization scqucnces o1'&c DNA-brnding suburit-. r,1'

dre NF-rcB dimmer and allows NF r(B to enler the rucleus. to bind 10 its DNA
sequcnce- and to induce transcdption. As lner.rtioncd abovc. NF KB regulates
[re ranscription of various irflanliatory cytokincs. Arlong its many difli:rc'nt
biological activities. NIT KB seenls 1ct play an important rolc in cell killrng.
Recently, it has been shou,t thal NF-KB counteract the induction of
thc apoptosis by dic cyokinc 'fNF 4 ionizilg mdiation, and tire cariccr
chcrrothcrapeutic agent daurorubicine [(r4].

SQTI-s have been recognized as specific inhibiors of transcriplion lactor
NF-KB. They prevenl the activation of NF rB by diflerent stimuli such as

phor-bol esters, tumol necrosis lactor-o. ligation o1'the 'f-ccll receptor. aDd

hydrogen peroxide in various cell R?cs. Treabnent cells rvith SQTIs
prevented the induced desradation of IKB-u and kB-p by these stirnuli,
suggcsting that they interfere wi$ a rather col]]mol-] step in dre aclivation of
the NF-rB. SQI-[.s do not interfere \\,ith the generation of ROis lblloiving
the stinulation of cclls. they do not directly ac1 on thc DNA-binding subunits
of NF KB, also the IKB subun its seerns not to be a direct target tbr the SQ I Ls

[64]. It is curently not clear which ol so lar identified meilbcrs ol the
signaling cascade responsible for Mr-rB activiation, is the hrgct of SQ'fLs.
Furthermore, the number of molccules inhibited by SQTLs remairx
unknown. The SQTLs display a high degree of speciicity for their inhibit rc
activity, since they do not jnfluence tle activity of other transcription lactors
such as AP-I, RBP-Jx, and Oct-l. Nor the SQTLs did not impair the activity
of the T-cell kinases p59'' and p60"'. iicsults of investigation presenLed by
Helrner el al. [61] bave shown thai the SQTI-s do not intcrfere in a
nonspecific manner with transcription factors of sienaling molecules. A
potential targct specificity of SQTfs might r.vell be explained by considering
Cre fact that the ccmbination of &e reactive N{ichael scceptor system together
rvidr the oxygcn-substituted isoprenoide rings forms a pattem of potential
noncovalent binding sites (eg. hydrogcn bonds). These binding sites would
allorv the SQTt-s to interact with complemcntary sites on thc surlace of the
target molecule(s). fhe relative positions of SQTI-S ir the dou,nstream
signaling cascade of inllammatory conditions are schematically displayed in
Figure 13. SQTLs lacking in exomethyleue group in conjugation with the
lactone function display no activity on NF-kB. SQTIJ have no direct or
indirect anti-oxidart properties. Parthenolide (50) and helenalin (38) have
been shown to be active NF-kB inhibitors. The mechanism that provides
inhibition ofDNA binding ofNF-rcB is probably alkylation p65 at Cys38, at
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liigure 13. The proposcd aclion Nechanislr ofSQl l,s. Sesquiterycnc lactoncs (SQTLs),

no"nsteroidal anti-itiflammatory drug CNSAID), steroidal anli-inllammatory drug (SAID),

.,=,' ana **,, denotc enzyme inhibition and down rcgulation of thc expression,

respectivcly (Abbrcviatiotls used: t']LA, phospholipasc A2: AA -:rrachidoric acid;

lTs l"ukotricn"s, PGs prostaglandirls: LOX lipoxigcnasc: COX cyclooxi3encsc:

iNOS inducible nitric oxidc synthasc; TNF .! tumor nccrosis tictot-cg lL-lB

inlcrleukin 10; NF-tB nuclcar transcription lactor r<B: IKB i*ibitor-KB)'

the slune tirne the p50 subunit rcmailed unchanged. Althougir a stight

inhibition of lnB degiadation of SQILs was also dctected, it is likely that ttris

effect is sccondary io the alkytation of p65 [66,91,92] The investigation of
the SQTIs structr.rre irdicated that the majorit'7 of potent NF-rcB inhibitors

posses; two reactive ceuters in fonn of a-methylelc-1-lactone group and an

cgB or o,p,1,6-unsaturated carbonyl group [48.1. The rccent X-ruy sfucture of
the p65 homodimer' [93], which showed that cystein 38 is located within

DNA binding domain i (L1) and another cystein, Cys 120, found in a

proximal loo! (E' region), supported the hypothcsis ftat these two cystein

iesidues (Cyi38 and Cys120) are the targets for alkylation by SQTI-s

Bifunctionai compounds can crosslink these two residues, thereby inhibiting

the DNA binding. lnhibition of NF-rB DNA binding by monoflrnctional

iqTk requites i.ylutio, of these cysteine residues by two. molecules of
s<)ff.. ,A.r Lyfr et al. indicated [91], helenalin (38) directly interferes with

m/tW<-:=-
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N!-xB DNA binding due to i1s alk),lating activity. Ilelenalin sctecliveh,
rnodifics the p(r5 subunir of rhc rrarscription racror. rhereby inhibrrirs rtiDNA burding. U,likc a,tioxidans- such as acctyrsaricy ric acid. lielcrlaLi,
can inactivate the actilc NF-rrR conrpicx. 'l'hjs prope[y is crucial fbr.thc
treatmcnt of ilflammation, u4tere prcviously activated NF-KB is sustalnine
fic process of iuflammation a.d ,ecds ro be inactivatecr. atso. rerenati,-ii
know11 to initibit crtochrome P450 enzuncs. lsolonrrs of cy.tochrone /,450
larrilies are expr.cssed in human nrycloid lcukeuria celi lines and the
inhibition of cl,tochrome P450 enzynes by this lactone may be mcdjatcd yia
inhibitory eflcct on NF KB acrivir), [20]. Neither the lipophilicity nor the
molecular geometry influenced SQ'fl.s NF-rB inhibition activitv.

Anti-inllanrmatory propeilies ct SeILs u.a: inr cstrgateJ using 1NOS
and COX-2 expression, and NF-rcB activation as a molecular tursets_ taking
into accounr rar activation of NF-rB is involved in iNOS ;d COX_2
expression [25]. SeTLs inbibit iNOS ald COX_2 expression drough
ir.ractivation Nt--rcB.

2.3. Parthenolide as sesquitcrpene lactone with potcnt anti_inflanlmatory
activitv

parlherolide, onc of the major SeTLs with germacranolide skeleton
lound in feverfcw (Tanacetun p.ltllrcninn 1L.) Schultz__Bip., .Lslorareonl,
T. larvatwn (Gris.) Kanitz, an endemic. planr in Monrenegro 1l+,VS] _AMexical Indian rnedicinal planls [12], has atrracted consiJerable attention
because of its anti,inflamnatory effects. [g2,96]. ln traditional n 

"li"irr., tir"parthonolide-containing fever{ew has been used orally o. us inlirsion incondirions like arthr-itis and rnigraine l97l ard Mexicar Iudians used theherbs known to contain parthenolide for the treatment of .ti, irt""tion. urrainlections of other organs. The specific mechanisms Uy ,uhiJ tau"rt"*ard/or partherolide may inhibit proinflamnrarory sigu,rlin! pa[irw;ys ra vrrc,l.nye not bccn complctely defincd. ,/ir lrlro srudies iugg"j lloi f;;tir.rolia"ean inhibir tKK J64..08.991 and can direcrly inacrivate t,'t-rn r ri il
but there is contioveisy'as io wh"u;;,t# ffiilt il:".::fli'.9.|it;tJ;
ir1portart tr vlvo [100]. Both ofthese actions, independenily or iogether,
could contribute to net inhibition ofNF_KB dependent proinfloinmatury gene
cxpression in the cF lung [101]. hrvestigation of rnolecular uusi. o] ti,e untiilflammatory activity of partelxrolide revcaled that it is potent iJ.iiito. ottt 

"proinflammatory transcription factor NF-rcB.

^ 
By inhibition NF_KB activity, parthenolide interferes with various aspectsof inflammatory rcaction, such 

. 
as.. the 

. 
production of proiriJrn_utory

cltokines and the production ofinducible nitric_synthase. f_i[" otfr"r" Sqff_",
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lTaltherolide inhibits Nl-rB nlost probahlv aJkvlarinq p65 al C\s3g. Akilogh
ii rras ohscrvcd thal parthcnoiidc sliqhth ilhibirs irlldteradarion, rhc arnounl
.l'r'eruiii,i,g l(i]-a \\,as Loo 1o\\' ro explairr porenr NF,l.-i] i,hibition. The lacl
that inhibirion of Nl:-xB actiYation by parthctolidc occurs at lasl step ofthc
tlix)sduction pathwav, by iuiribiLion of rLs DNA binding, n.rakes parlhenoliilc
rcrv irrrcrestiirg NF-r<B inhibitor lnterestingl\.- Ku,ok rr a/. I99] sug-rested
that panhcnolidc-mediated NF-r<B inhibition is consequencc oldirect binding
to L<R kinase p (ll(Kp), krorvn for irs crucial role in cyokine_mediating
srgnaling. lhe resuits are suppo(ed by rire linding that the peptide conLaining
Cys179 u'as nrodilicd by parthenolide. indicating that tkf6 is the <jirect
t.ir€et Dlediati[g the anti-inflammatory acti\.ity of parthenolide.

Besides anti-inflamrnatory propeflies. recent snrdies revealed that
parthenolide has also anti-microbial and anti-cancer activities" which may
depcnd on-a ra,ide range of parthenolide-stirlulated intracellular signais [102j.Irarthenoliil was proven to have abiiity to irfiibil as well STATs (the iignal
traosduccr and activator of tr:rnscription) protcins action, responsible lbr ce)l
ploliferation. uamtbnaation, apoprosis, diftercntiation, letil developnent,
inf-lammatiol and immune rcspouse. Aithough paflhotiolidc can supprcss t.hr:
activity of the NF-xB family, rvhich is knorvn to affect apoptosis, 

-Anderson

el al speculated rhat apoptosis irduced by pafihenolicle did not go througtr
trechanism that irrvolves inhibition of NF-rB activiry [103]. Based on
litemture data, parthenolide may either irduce or protect irom ceil dearh [16].
It_ seenrs that in uonlal cell parthenolide protects cell fton apoptosis,
whcreas in-. cancer cclls it supports imnlune system_ or arti_cancer dmq-
induced ccil death. A[ low doses, par{renolide fuirctions a^s an antioxidant
tl1at can fcduce the oxidative strcss gencrated rlrrougli the TCR (T cell
receptor) signalling path\."y. In contrast, at high doses, parheuolide by itself
iuduces reaclive oxygen (.O2] and causes oxidative_slress_n.rediated
apoptosis.

Parthenolidc exhibits ability to inhibit COX 2 as \\,ell as the
proinflanmatory cytokines in macrophages, suggesting that blockrng the
hyperalgesyc and attenuating the edema response might be useful in the
treatment of inflaulnatory pain [23], A-lso, the bcneficial eflbcts ol
parthenolide in rnyocaudial reperfusion injury were associatcd rvith inhibition
of IKK activity. enhanced stability of IKB-cc, and inhibition of nuclear
translocation of NF-rcB I I 00].

Additionally, pafihenolide significantly inhibits interleurl<n_l2 @-12)production in lipopolysaccharide-activated macrophages in a dose_dependant
mamer [14]. This inhibition was, at least in part, due to the down-regulation
ofNF-KB binding to the p40-rc8 sequence. pharmacological control of ILl2
might be a key therapeutio strategy for modulating immunological diseases
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i i. r.r. ' .r' . ,',dillti4lleil Jry tipe.l c)4okirir Li:sl,)n,,cs (L11re- l diabetcs- nrultiplc sclerosis"
nrcurljiiloid artliirtjs., inflanlllaiiirrr i:o*,:i discr-se. eucl arciif€ grali-vclSus-

,.r , hflst). :11- tr2: r-:iells rnuiliirle .bxrlogicai. i,,.-tiviiies mlinll tlrrough T and l)atural
, killci r;cils by ilducrug their prLr{ilctlni oi interferrr't-1, whiclt aucinents thelr

cytntoxicity. and. by.enhancirg theil proliferadou potentral. Besides, its
. productrol is critical fbr the develtlplicrt of TJrelpcr R?e- I ceUs a d the. initiarion ol', cell-raediated immunc, lc:ponses. z\iso, parthenolide is a potc

' . , iurhibitor lL-4 mcdiated inllamrrratr;ry eiisease ll3l. 1L-4 is a key'I helper (1'h)
, cel.l ? c,t,1okine involved in regulation of antybody production, hematopr)esis,

differentrhtion ofTh2 cells, and devekrprnent ofeffector T cell responses. Arti-
, infl;unruakrry effect of parthenolide nright be partly due to abiliry to supprcss

IL-1 rnRNA cxpiession levels and to impair IL.;tr promoter activity through two
, NF-KB acting sitcs. Parthenolide rvas shovi,n to modulale chemokine. interleukin-8 (tr-8) gene exprcssiorr. ltre most proximal mechanism of

, , roiiibition appears to involvc inhibition of kB-a degradation ft5l.
, Due t() such a mcchanism Jf action. parthenolide might be an idcal

. Ltrget-based anti-inJlamnlatory drug. Except allergenic poteutial, it has a verl
. lavourablc safety profile a-s shont in clilical studies rvith the parthenolide-

corlairring lbver{ew. Moroover, io conftast to conventiornl NSAiDs, the
most often used anti-inIlamnatory drugs u.ith significant ulcerogenic activity
that i9 thc, causc of serious gasaoirtestinal adverse effects, parthenolide
produc$ g.lstuuprotective effbcts. Iournicr er nI [104] deuronstated dose_

I parthenoliric rvas given ts a 30 min prctreatmeflt in a dose of 100 mg,4(g p.o.
' Complete restorction of mucosal sulptrydryl colttent to normal ancl 9l%
: protecti,:ft of tlle gastuic mucosa was achieved fiom a much higher dose (400

mt/kg p.o:). Similarly, Pehovic el a1. [105] shorved that the chloroform

: extraet ol 7'. lavratnn [94,95], onc of the parthenolide_containing planl
i .. protecl.ed rats against indomethacin-induced gastric lesions rvhen given in an

anti-inflaarnratory dose (200 mg,kg p.o_) concomitantly with the NSAID.
Besidcs p,asiic protection, drc exrract was enhalced anti-in{lanunatory effect, , r:1. indomethacin suggesting possibilir.v cf cornbining nvo drugs whose net
eflect is enharrcement of their favr.rurable therapeutic effects and diminution
in adverse ones.

' .' . Iiaviug in ruind all tirese data, clinical studies with parthenolide as
.. patential.aqti-iDflainnratory agent would bc desirable a]rd justifi ed.

Summar.y

:,. : . ,' .. rt . ; ,Froeirdrir.es lirr isolation a;ntl puriiii:aiion oi SeTLs &om pla matedal
r,, .i.. '. .,.:. :;a4d,c,rudE.,extracLs Erc,urultibtep, relatirr.-l). sirnple, and they include repeated

Sesluj!.,l}.n' l]ril')r"rs rolvadayi .
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columr chlomatographv, drv-column flash chromatography. crystallization . .'
pr('prrrri\'( rlrin laier clr ror na tographv ancl 

- prciaiative Iiquid

For the structure elucidation of SQTLs NMR spectroscopy (rH NMR, ,. ''

'3C NMR, 2D NMR) is the most rvidely used tectlrique. although lR
spectroscopy, mass spectrometry and X-ray difftaction (optrmization of 3D

chrotrratotlaphy.

slructures) ae in freque[t use.

The main request for pharmacological activity ol SQT| .s is the presence

of a,B-unsatumted carbonyl structures in molecule (a-methylene-lJactone,
and a,B-unsaturated cyclopentenon, or their coqugated esters). The general

mechanism of SQTLs action is alkylation of biological nucleophyles
(sulflrydryl groups in proteins and enzymes) by o,B-unsaturated carb-onyl

sructures rn M ichael-rype addition.
Cotsiderable anli-inflammatory effect of SQTLS could be explained by

their ability to inhibit phospholipase 42, and aativation of transcription factor
NF-rB, as well a-s to inlfoit proGases and proinflammatory cy,tokines released

from rhe activaGd neutrophils.
For parthenolide, ln vr'rro studies suggest that both the inhibition of II(K

and directly inactivation of NF-rB could be involved in is anti-inIlammatory
effecL
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