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ABSTRACT

Xanthone is a novel and pharmacologically importasygen containing hetrocyclic ring exhibiting \etgi of
potent biological activities. This fused tricyclicing is derived naturally from the plants of
Bonnetiaceae and Clusiaceae family as well as sgithd by employing various synthetic protocolsirTiide
range of reported therapeutic attributes incluglglucosidase inhibition, anti-cancer, anti-oxidaati-asthmatic,
anti-convulsant, xanthine oxidase inhibition andtianicrobial. Among these attributes, anti-cancenda
anti-oxidant potential are comprehensively studisdevidenced by number of research papers. Althatghe is
no marketed formulation containing xanthone defixed except some herbal formulations, their medicin
properties can not be neglected at all. Promisictj\dties revealed by these compounds chains tiegrand places
them ahead as potential drug candidates for theréustudies. Therefore, the present review artiglentirely an
assemblage of recent research work that has berea do xanthones and their analogs as therapeutinesy This
review article can be reasonably encouraging farsth engaged in the area of developing efficient effettive,
single therapeutic agent exhibiting a wide rangebmifiogical activities involving xanthone as crulcand central
nucleus.

Keywords: o-glucosidase inhibition, anti-cancer, anti-oxidaanti-asthmatic, anti-convulsant, xanthine oxidase
inhibition, anti-microbial

INTRODUCTION

Heterocycles coins an exceedingly important classoonpounds that form the basis of many pharmacalti
agrochemical and veterinary products [1-3]. Mantured drugs such as quinine, papaverine, emetiremphylline,

atropine, procaine, codeine, morphine and resequi@édneterocyclic in nature. There are large nurobaatural and
synthetic heterocyclic compounds containing pyrrpigrolidine, furan, thiophene, piperidine, pyridiand thiazole
having important applications [4]. Some of the hatgclic drugs possessing varried biological atiégiare shown in
Figure 1.

Xanthone is a special class of oxygenated tricyclienpounds which exhibits various interesting lgadel
activities depending upon the nature and pattersubftitutions [15-17]. Xanthones are frequentljugd as an
effective pharmacophore in the field of medicina¢mistry [18]. Earlier, xanthones were introducedreecticide,
larvicide and ovicide codling moth eggs [19]. Latérhas been found in some scientific studies tteitone
derivatives can prevent the development of canells @and also possesses anti-inflammatory and cxidiant
properties [20].

Xanthones are derived naturally from the plant8ofinetiaceae and Clusiaceae family and are alsudfousome

species of Podostemaceae, Guttiferae and Gentaadeenily [21]. There are some herbal formulatiomghe
market having xanthone derivative as one of thetiva ingredient:
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» Xanthone Benefit Plus which is a herbal drink preid@z2].
» Xantho Plus capsules which is an anti-oxidant cemph the bases of Mangostin [23].
* MX3 (Mangostin Xanthone) capsules which is als@ebhl product used as dietary supplement [24].
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Figure 1. Heterocyclic based marketed drugs

The main component of these formulations is anaektfrom the well known fruit — MangostinGarcinia
mangostang which is also called the “Queen of fruits” mgstbund in Malaysia and Southeast Asia. Mangostin
extract contain xanthone derivatives i.e. 3-isonostig, alpha mangostin, Gamma mangostin, Garcindne
Garcinone B, C, D and E, maclurin, mangostenol (fég2). Over 200 naturally occurring xanthones Wwhiave
been identified so far and approximately 40 of ¢hase found in the mangostin.

In the early 80s, xanthone containing fruit, manigosvas used to treat diarrhea, dysentery, genitmary
infections, and also as a wash for aphthae of theattm Then in 90s xanthones were developed astiaisiec They
also found use as ovicide, larvicide and in theparation of xanthydrol, which is used in the deteation
of urea levels in the blood. In view of their theeatic potential, lot of work has been done to es@khe beneficial
effects of this nucleus. Recent reports suggedt xhathones possess numerous medicinal propettiels as,
antiallergic, anti-inflammatory, antitubercular, titunmor, antiplatelet, anticonvulsant as well Bsadrenergic
blocking property. These promising activities pla@thones ahead as potential drug candidateshéffuture
studies.

Accordingly, xanthone moiety as a whole is actpessessing a number of biological activities alyeaeéntioned.
One of the most common approaches to improve teeapieutic efficacy and the reduction of side effeist
chemical medication which is of great interestraspnt. Xanthones are very restricted in occurremateirally and
majority of them are found in just two familiestifher plants — Guttiferae and Gentianaceae. M@exanthones
showed considerable biological potential, but Ssipgly, none has an established use in mediciremgxsome
herbal medicines mentioned above. Presently, relsees are mainly focused on the synthetically niedif
xanthone derivatives having varried biological dti#s. Therefore, the present review article igirely an

assemblage of recent research work that has beenato xanthones and their analogs as therapeuwittsagrhis
review article can be reasonably encouraging fos¢hengaged in the area of developing efficient effettive,

single therapeutic agent exhibiting a wide rangéiofogical activities involving xanthone as crucénd central
nucleus.The article would inevitably help the reskars to find some new xanthone derivative witbdybiological
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activity and least side effects, which may, somg wauld help to bring new medicinal agents havimgthone as
an active ingredient in market.
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Figure 2. Xanthone derivatives present in marketedormulations

BIOLOGICAL ACTIVITIES OF XANTHONES

2-1. Xanthones asu-glucosidase inhibitors

In 2006, Yan Liuet al. synthesized a series of hydroxylxanthones and Hwtoxy and alkoxy derivatives 2, 3
(Figure 3) and evaluated asglucosidase inhibitors. The results indicated tteise xanthone derivatives were
capable of inhibiting in vitrai-glucosidase with moderate to good activities. Amtimem, polyhydroxylxanthones
exhibited the highest activities and thus may bplatable as a lead compound for the developmenpatént
a-glucosidase inhibitors [25].

The IG, value was determined against yeasgflucosidase in 50 M phosphate buffer (pH 6.87a®C (Figure 3).
A classicalo-glucosidase inhibitor, 1-deoxynojirimycin, was atld as a positive control with anshalue of 26.4
UM.

In 2007, Eun Jin Seet al. proved that xanthones isolated from the rooCdficuspidatapossess highly potent
a-glucosidase inhibition properties. Compouhdnd5 was identified as a new isoprenylated tetrahydxerjhone;
1,3,6,7-tetrahydroxy-2-(3-methylbut-2-enyl)-8-(2thytbut-3-en-2-yl)-9H-xanth en-9-oné. These are the first
natural xanthones documented to exhibit such itibibhi The IC5q values of compoundgl, 5 inhibiting
a-glucosidase activity were determined to be upa&@ M (Figure 3) [26].
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Figure 3. Xanthones exhibitinga-glucosidase inhibition properties

In 2007, Yan Liuet al. synthesized a series of novel xanthone derivativilh extendedrn-systems, that is,
benzoxanthones (Figure 4), and their structuraéiytysbed analogs as-glucosidase inhibitors. Their inhibitory
activities toward yeast'e-glucosidase were evaluated with the aim to erttiehstructure—activity relationship. The
results indicated that benzoxanthorfe® were capable of inhibiting in vitro yeasisglucosidase 17 to 28 fold
more strongly than xanthone derivatiéethat has smaller conjugatedsystem. O-Methylation of 3-OH of
benzoxanthond0 and nitration at C4 position led to a large deaeeiasthe activity. This indicates that 3-OH of
benzoxanthone was crucial to the inhibitory acfivgrimarily as an H-bonding donor. The presentiltsssuggest
that n—r stacking effect and H-bonding make substantialtrdmutions to elicit the inhibitory activities ohis
general class of inhibitors [27Retermined against yeasttsglucosidase in 50 uM phosphate buffer (ph 6.8)
containing 5% v/v DMSO at 3.
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Figure 4. Xanthone derivatives with extended-system

In 2008, Yan Liuet al.employed multiple linear regression (MLR) methodestablish QSAR models for xanthone
derivatives11-25 (Figure 5), that have diverse structures, to p@wigep insight into the correlation between
inhibitory activities and structures of xanthon@snong the 38 typical descriptors investigated, Hanfber of
H-bond forming substituents),A\(number of aromatic rings), and S (softness vatae) be utilized to model the
inhibitory activity. The Hs, W, S and 1G, (Figure 5). Thus, inhibitory activities of xanti® derivatives can be
regulated by H-bond forming substituentsstacking-forming aromatic rings and softness valore the xanthone
skeleton [28].
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Figure 5. Xanthone derivatives and their Hs (hnumbepof h-bond forming substituents), Nt (number of aromatic rings), and S (softness
value)

In 2011, Gia Li Liet al. synthesized a series of novel xanthone derivafle41 having non-coplanar and flexible
structures as potentglucosidase inhibitors. Biological evaluation icatied that compoundil-37 bearing one or
two naphthol moieties exhibited up to 30-fold enteth activities compared with their correspondingept
compounds27-3Q whereas compound38-41 bearing one dihydroxylnaphthalenyl group showedretesed
activities compared with their corresponding analdfj-34 having one naphthol group (Figure 6). Among them,
compounds32-33 35-37 and 40 were more active than 1-deoxynojirimycin, a weaibkvn inhibitor for
a-glucosidase. The structure-activity correlationggested that inhibiting af-glucosidase was a result of multiple
interactions with the enzyme, includingstacking, hydrophobic effect and conformationaixibility due to the
structural non-coplanarity. In addition, compou@8s 33and40 showed non-competitive inhibition [29].
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Figure 6. Xanthone derivatives having non-coplanaand flexible structures as potentr-glucosidase inhibitors

2-2. Anti-cancer xanthones

In 1991, Masahiro Aoket al. reported Vinaxanthoné?2 (Figure 7) a novel phospholipase C inhibitor, proetliby
Penicillium vinaceumGilman and Abott NR6815. Its structure (MW 576,54340,4) has been elucidated as a
polycyclic xanthone with poly acidic functional gias based on various NMR studies including HMBC,LOQ,
2D-INADEQUATE and selective ID-INADEQUATE [30].

In 1998, Yuan-Jian Xwet al. discovered xanthone. A bioactivity-directed fraofition of the extracts of the
Malaysian plantGarcinia pavifolia and a phytochemical study dB. griffithii led to the discovery of
griffipavixanthone 43 (Figure 7), a novel cytotoxic bixanthone with cyeld prenyl groups providing the
xanthone-xanthone linkage. Griffipavixanthot@showed highn vitro cytotoxity against P388, LL/2 and Wehil64
cell lines with ERy= 3.40, 6.80 and 4.60 pg/ml, respectively [31].
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Figure 7. Vinaxanthone and Griffipavixanthone

In 2002, Madalena Pedrt al. evaluated xanthones of Formula&4-49 (Table 1) on the proliferation of human
T-lymphocytes. Oxygenated xanthones have beensesséar their capacity to inhibit in vitro the growof three
human cancer cell lines, MCF-7 (breast cancer), 10K{renal cancer) and UACC-62 (melanoma) (Table 1).
Differences on their potency towards the effecttiom growth of the human cancer cell lines as welba the
proliferation of human T-lymphocytes can be asatiie the nature and positions of the substituemisthe
xanthonic nucleus [32].

o]
8gall 9a. 1

70 O 2

6 3

5 4b0 4a 4
Formula |

Table 1. Effects of xanthone derivatives of Formuld on the growth of human cancer cell lines and pridferation of human lymphocytes

[Glso (UM)] [1Go (UM)]
Compounds MCF27 TK-10° UACC-62 Human lymphocytés
(breast cancer) (renal cancer) (melanoma)
44  Xanthone >200 >200 >200 >200
45 1,2-Dihydroxy  38.4%2.7 65.845.1 .040.3 73.3+2.2
46 1,7-Dihydroxy  57.1+11.0 60.1+9.6 .549.6 20.240.2
47 2,3-Dihydroxy  40.6x1.3 61.4+4.3 BA3.7 31.3#15
48 3,4-Dihydroxy  40.5%1.5 59.2 21.6+2.6 12.2+#1.3
49  2-Hydroxy-1- 24.1+3.0 35.247.6 3610.6 11.6+0.8
methoxy
50 5-Hydroxy-3- 66.1+12.6 30.9+2.3 BB 7 111.248.3
methoxy
51 1,3-Dihydroxy- 21.9+0.4 34.343.8 0.@+0.5 84.4+12.4
2- methyl
52 2,3-Dihydroxy- 37.2 76.6+7.0 19.8+1.6 17.4+2.7
4-methoxy

*Results are expressed ass@(concentrations of compounds that cause 50% itibibiof cancer cell growth) or I& (concentrations that
cause50% inhibition of lymphocytes proliferatiomdashow means *SEM of 3-6 independent observagpierisrmed in duplicate.

PDoxorubicin was used as positive control in cancetl lines growth (Gh MCF-7=42.848.2 nM; Gi, TK-10=548.0£60.0 nM; Gk
UACC-62=94.049.4 nM).

°Cyclosporin A was used as positive control in lyogytes proliferation (16=0.3440.04 uM).Data based on two independently run duplicate
experiments.

In 2002, Babita Madaet alsynthesised xanthones bearing different functitiealinamely 1-hydroxyxanthon&3),
3-hydroxyxanthone 54), 1,4-dihydroxyxanthone5g), 2,6-dihydroxyxanthone5@), 1,2-diacetoxyxanthones?),
2,6-diacetoxyxanthone  58), 3-methoxyxanthone  59), 1,3,7-trimethoxyxanthone  6Q) and
1,5-dihydroxy-6-methoxyxanthone6l) (Figure 8) and examined for their effect on nicamide adenine
dinucleotide phosphate (NADPH)-catalysed liver msomal lipid peroxidation and on tumour necrosis
factoro(TNF-a)induced expression of intercellular adhesion madked (ICAM-1) on endothelial cells, with a view
to establish structure—activity relationship (TaBle Hydroxy and acetoxy xanthones showed potehibitory
effects on NADPH-catalysed lipid peroxidation anbtiFFainduced expression of ICAM-1 on endothelial cells
(Table 3) [33].
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Figure 8. Xanthones bearing different functionalites

Table 2. Effect of xanthones on the TNFe induced expression of ICAM-1 on endothelial cells

Serial Compound name Concematnati % Inhibition
No. (ug/miL) of ICAM-1expression
53 1-Hydroxyxanthone 60 22.2

54 3-Hydroxyxanthone 66 13.7

55 1,4-Dihydroxyxanthone 65 86.0

56 2,6-Dihydroxyxanthone 18 40.9

57 1,2-Diacetoxyxanthone 75 42.4

58 2,6-Diacetoxyxanthone 100 23.8

59 3-Methoxyxanthone 46 0

60 1,3,7-Trimethoxyxanthone 13 0

61 1,5-Dihydroxy-6-methoxyxanthone 20 1.6

#The concentration levels of different compoundsbased on their maximum tolerable concentrationthbycells.

Table 3. Effect of xanthones on NADPH-dependent inbition of lipid peroxidation initiation

SerialNo. Compound name NADPH-degendpid peroxidation initiation,
pertefthe contrdl

53 1-Hydroxyxanthone 28

54 3-Hydroxyxanthone 38

55 1,4-Dihydroxyxanthone 60

56 2,6-Dihydroxyxanthone 43

57 1,2-Diacetoxyxanthone 30

58 2,6-Diacetoxyxanthone -

59 3-Methoxyxanthone 2

60 1,3,7-Tri-methoxyxanthone 0

61 1,5-Dihydroxy-6-methoxyxanthone —

#Control represents the assay in the absence de#tecompounds and the values represent the avefdger observations within an error
range of 5.0%.

In 2004, Ying-Shu Zowt al.isolated eight new isoprenylated xanthones, cudtetxanthones A—H62—67) from
the roots ofCudrania tricuspidata together with ten known compounds, cudraxanthdie®4) and M (73),
xanthone V, (70),toxyloxanthone C(74), macluraxanthoneB71), 1-hydroxy-3, 6, 7-trimethoxyxanthon&5,
cycloartocarpesin/@), artocarpesin?g), cudraflavone B{7), and kaempferol79) (Figure 9). Their structures were
characterized by spectroscopic methods. Xanth68e69, 73 and 74 showed inhibitory effects on four kinds of
human digestive apparatus tumor cell lines (HCT;18@MC-7721, SGC-7901, and BGC-823) withsd@alues
0f1.6-11.8 pg/mL. Xanthoness, 66, and70 displayed significant cytotoxicity against HCT-1MMC-7721 and
SGC-7901IC5=1.3-9.8 pg/mL). Flavonoid&—77 were almost inactive (Table 4) [34].
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Figure 9. Xanthones extracted from the roots o€udrania tricuspidata

Table 4. ICso values (pg/ml) of compounds against human tumor tdines

Compound HCT-116 SMMC-7721 SEDL BGC-823
Xanthones
62 ND ND ND 15.2
63 3.9 6.9 4.3 ND
64 ND 11.7 81 9.2
65 12.2 8.9 ND ND
66 4.1 4.2 9.8 ND
68 4.7 4.2 5.4 1.6
69 1.8 2.7 3.4 1.6
70 1.3 6.2 3.4 ND
73 3.4 5.1 9.5 2.6
74 2.8 8.8 11.8 5.2
Flavonoids
76 ND ND ND ND
77 ND ND ND 7.2
78 ND ND ND ND
Vincristine 0.0089 0.034 0.0029 19

®ND: not determined (1§ values >30 pg/mL not considered to be significard not calculated).
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In 2005, Kenji Matsumotat al. investigated the anti-proliferative effects of fatructurally similar prenylated
xanthonesu-mangostin80, B-mangostin81, y-mangostin82, and methoxyB-mangostin83 (Figure 10), in human
colon cancer DLD-1 cells. These xanthones diffethie number of hydroxyl and methoxy groups. Exdept

methoxyg-mangostin, the other three xanthones stronglybitéd cell growth at 20uM and their antitumor
efficacy was correlated with the number of hydrogybups. Hoechst 33342 nuclear staining and nucteak
DNA-gel electrophoresis revealed that the antiifadtive effects ofa- and y-mangostin, but not that of
B-mangostin, were associated with apoptosis. It alss shown that their anti-proliferative effectsrevassociated
with cell-cycle arrest by affecting the expressmicyclins, cdc2, and p27; G1 arrest was dsgnangostin and
B-mangostin, and S arrest fymangostin. These findings provide a relevant bfasishe development of xanthones
as an agent for cancer prevention and combinatierapy with anti-cancer drugs [35].

O OH =
BoSe
RO O ORy

80:- e-mangostin
81:- p-mangostin
82:- y-mangostin

83:- methoxyB-mangostin
Figure 10. Prenylated xanthonesa-mangostin, B-mangostin,y-mangostin, and methoxyp-mangostin

In 2006, E. M. Kithsiri Wijeratnest al. found new xanthones. Bioassay-guided fractionatioa cytotoxic EtOAc
extract of the fungal strairChaetomium globosuninhabiting the rhizosphere of the Christmas cadpuntia
leptocaulis of the Sonoran desert afforded a new dihydroxamihe, globosuxanthone4, a new
tetrahydroxanthenone, globosuxanthon83two new xanthones, globosuxanthon86cand D87 (Figure 11). Of
the compounds encounterd&d, was found to exhibit strong cytotoxicity againgianel of seven human solid tumor
cell lines, disrupt the cell cycle leading to thee@mulation of cells in either /M or S phase, and induce classic
signs of apoptosis (Table 5) [36].

0
0. OCH; OCH, OH O R
oH 0 Yo OH O V

o

86: R; = OH; R, = OCH;
87:R;=COOH; BR=H
Figure 11. Dihydroxanthenones, tetrahydroxanthenonand globosuxanthone

Table 5. Cytotoxicities (IGo, uM) of globosuxanthone (84) against a panel of sevduman solid tumor cell lines

Cellline | NCI-H460 | MCF-7 | SF-268| PC-3| PC-3M| LNCaP| Dti45

84 3.6 13 1.1 0.65 11 15 1.2
Dox 0.01 0.07 0.04 ND ND ND ND
Tax 0.01 0.01 0.02 ND ND ND ND

Results are expressed asd@alues in pM; ND, not determined.
NCI-H460, non-small cell lung cancer; MCF-7, breaahcer; SF-268, CNS cancer (glioma); PC-3, hormdaadrogen) independent prostate
adenocarcinoma; PC-3M, highly metastatic varianP@f-3; LNCaP, hormone-sensitive prostate cancer: 213, hormone-independent
prostate cancer.

Doxorubicin (Dox) and Taxol (Tax) were used as fasicontrols.

In 2007, Sangwook Woet alprepared some 3-(3-epoxypropoxy)xanthones and their epoxide ring epgen
halohydrin analogue88-94 (Figure 12) and evaluated their cytotoxicity aomgdisomerase Il inhibition activity
using doxorubicin and etoposide as references, ectisply. Another xanthone compound0,
1,3-di(2,3-epoxypropoxy)xanthone, was also synthesized an®MA cross-linking property including other two
biological activities investigated. The biologi¢aét results showed compou®d possessed excellent cytotoxic and
topoisomerase |l inhibitory activity than other qoonnds tested (Table 6). It also exhibited sigaifiic DNA
cross-linking activities [37].
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O OH oo/\ﬂo O OH

(L. O L L,
R \\Qo R R OH
88: R = OCH3 90:R=H 0

: 91: R=0CHS3, X =ClI
89:R=H 92: R = OCH3, X = Br ~X
93:R=H,X=ClI
94:R=H, X=Br
Figure 12. Some 3-(2,3-epoxypropoxy)xanthones anieir epoxide ring opened halohydrin analogues

Table 6. Cytotoxicities of compounds 88-90 againsarious human cancer cells

Cells (origin)/compound sIKEUM)

88 89 91 92 93 94 90 Adriamycin
LnCap >100 93.1+16.9 >100 >100 >100 64.4+3.1 9.0+02 46+06
(prostate)
MCF-7 >100 68.4+4.8 >100 97.820>100 535%+54 3.2+08 45+0.3
(breast)
HCT 116 >100 80.8+3.1 31.4+3.0 >100 >100 16.9+0.5 102+0.7 7.7+0.2
(colon)
MDA-MB231 >100 >100 81.4+35 99.8+1%+100 76.3+5.0 128+09 176+0.3
(breast)
Hela >100 68.7+8.7 60.3+3.3 >100 >100 98.1+6.3 23.3%+17 3304
(cervix)

@ Each value is the average of four experiments.

O OH

Ry
. 288
OH © OF
95 :R, = CH, § § Ra §
97:R1:CI-ng2:\:< 3]:< 98:R,=CH;, R,= X ,B=H
[Gl 50 (UM)]

MCF-7=21.9+0.4 [Glso (UM)] [Gko (LM)]
NCI-H460 = 20.6 + 0.9 MCF-7 =130 MCF-7 =160
SF-268=33.4+0.2 NCI-H460 =130 NCI-H460 =>160
UACC-62 = 20.0+ 0.5 SF-268 =130 SF-268 =160

UACC-62 =130 UACC-62 =>160
96:R, =H

§ —
[Gl 5 (UM)] 99:R;=H,R= '—=(  R=H 100:R1=§7<>,B:\:<,8=H

MCF-7=50.8 £2.2

NCI-H460 = 37.9 £ 2.9 [Gho (UM)] [Go (MM)]
SF-268 =61.4+5.2 MCF-7 =160 MCF-7 = 6.0+ 0.7
UACC-62=38.0+1.6 NCI-H460 =160 NCI-H460 =>130
o oOoH SF-268 =160 SF-268 130
e UACC-62 =160 UACC-62 =130
1
IO IO ¢ : : {
(6] O 101:R1:\:< ,B:\:< ,R=H 102:R; = H, sz\:<,8:\:<
[Gko (uM)] [Gho (UM)]
103:R; = CHg MCF-7=9.1+15 MCF-7 = 112.5 +10.
NCI-H460 = >130 NCI-H460 = >130
[Glso (uM)] SF-268 = >130 SF-268 = >130
MCF-7 =18.4 £ 1.9 UACC-62 = >130 UACC-62 = >130
NCI-H460 =160 ,
SF-268 >160 O OH
104:R; =H O O
105
[Glso (MM)] [Gl 50 (uM)]
MCF-7 =>160 MCF-7 = 88.6 + 12.9
NCI-H460 =160 NCI-H460 = >160
SF-268 =160 SF-268 = >160
UACC-62 = ND UACC-62 = ND

Figure 13. Xanthones with their anti-tumor activity against different cell lines
In 2007, Raquel A.P. Castanheied al. synthesized 11 xanthon&&-105 (Figure 13). Structure elucidation, and

antitumor activity of these xanthones are reporbaiing the compound®7, 98, 100-102and 103 described for the
first time. Xanthones95 and 96 were used as building blocks to obtain the prdaagladerivatives97-102
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Prenylation was carried out using prenyl bromidealkaline medium. Dihydropyranoxanthon&83—-105were
obtained from compound®8 and99 by an oxidative ring closure. The structure of tloenpounds was established
by IR, UV, MS, and NMR'H, *C, COSY, HSQC, and HMBC) techniques and for comps@8, 100, and105the
structure was confirmed by X-ray crystallographialgsis. The effect of the 11 xanthones on theti growth of
four human tumor cell lines, MCF-7 (breast adencicama), NCI-H460 (non small cell lung cancer), 338
(central nervous system cancer), and UACC-62 (noatem) is also described (Figure 13) [38].

In 2008, Martine Varache-Lembe g# al. synthesised several arylhydrazonomethyl derivativk$ormula I
106-123(Table 7) in order to explore the antiproliferatieffect associated with the xanthone framewordnfr
various isomeric 1,3-dihydroxyxanthone carbaldeBydéariation in the position of the aldehydic funotled to
three sets of compounds, bearing the hydrazonomnetigin at positions 5, 6 or 7 on the xanthone eus)|
respectively. The anti-proliferative effect of thempounds was evaluated in vitro using the MTT Goletric
method against two human cancer cell lines (MClBréast adenocarcinoma, and KB 3.1, squamous call or
carcinoma) for two time periods (24 h and 72 h)b{€a7). Among the series, four compounds exhibitéeresting
growth inhibitory effects against both the celldi with 1Gy values in the micromolar concentration range (&abl
8). When compared with doxorubicin, the xanthongvdéves showed moderate cytotoxic effects. Saipgly,
unlike doxorubicin, these compounds displayed gaificant time-dependent change in the concenmatiusing
50% inhibitory effect in proliferation. This unuduzytotoxicity profile led to the hypothesis thdtese molecules
could be endowed with a mechanism of action distimthat of doxorubicin [39].

X
R, O
L
R,, Ry Ry= Y I
R o R, ReReRi= /\/\©
R4
R, = OAc, OH
\Z./\/\@

Formula Il

Table 7. Effects of studied xanthones of Formula lbn the viability of MCF-7 and KB 3.1 cells

MCF-7 KB 3.1
Compound R R, R3 R4 10uM  1uM 10uM  1uM
106 OAc X H H 100 100 100 100
107 OH X H H 72 100 82 100
108 OA H X H 100 100 100 100
109 OH H X H 100 100 61 100
110 OAc H H X 100 100 82 100
111 OH H H X 100 100 96 100
112 OAc Y H H 70 85 60 98
113 OH Y H H 41 58 90 95
114 OAc H Y H 100 100 87 100
115 OH H Y H 3 100 2 77
116 OAc H H Y 79 80 90 95
117 OH H H Y 12 86 3 96
118 OAc z H H 14 64 14 100
119 OH z H H 64 90 92 99
120 OAc H z H 13 35 13 85
121 OH H z H 70 73 80 93
122 OAc H H z 48 80 66 95
123 OH H H z 82 97 75 90

Viability was estimated as the percentage of liviatis after incubation of the cells for 24 h witho concentrations (1 uM and 10 uM) of the
molecules tested (100 indicates no activity; Odatés complete cell death) with final DMSO concaian of 0.1%.
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Table 8. Effect of time of incubation on anti-prolferative activity against KB 3.1 and MCF-7 cells (Cso, pM)

KB 3.1 MGF-
24 h 72h Rz 24h 72h Rz
119  113%11 4709 24 9313 7.0+1.0 13
120  1.6+0.3 1.8+0.4 09 1.9+04 24+02 0.8
122 6.8+£0.6 6.5+0.3 105 5.1+06 5.6+0.5 0.9

Doxorubicin  0.010 £ 0.003 0.0004 +0.0001 25.0 0.018 £0.004 0.0007 +0.0001 25.7

Cell viability after a further 96-h period in frestulture medium was estimated as the compound ntmatien required for 50% growth
inhibition. For each drug,a g2 value was calculated and represents the ratideflGs (LM) obtained after 24-h and 72-h treatment,
respectively. Data represent mean values (+S.Dtjfege independent experiments.

In 2008, Aleksandra Isakoviet al. studied that xanthones gentiakochianin and geatletn derivativesl24-131

(Figure 14) as the active principles responsibietie in vitro antiglioma action of ether and meibléc extracts of
the plantGentiana kochianaGentiakochianin and gentiacaulein induced callegrrest inG,/M andGy/G1 phases,
respectively, in both C6 rat glioma and U251 hurgoma cell lines. The more efficient anti-proliédive action of
gentiakochianin was associated with its abilityinduce microtubule stabilization in a cell-free aassBoth the

xanthones reduced mitochondrial membrane poteatidlincreased the production of reactive oxygermispan

glioma cells, but only the effects of gentiakoclamwere pronounced enough to cause caspase aativatid

subsequent apoptotic cell death. The assessmetitucture—activity relationship in a series of stasally related

xanthones fronG. kochianaand Gentianella austriacaevealed dihydroxylation at positions 7, 8 of #athonic

nucleus as the key structural feature responsdsi¢he ability of gentiakochianin to induce micrbotile-associated
G,/M cell block and apoptotic cell death in glioma s¢40].

HLCO
3“’0 sWaces
> R mw

oH o oH OH © OH O OPrim O OH
124 125 126 127 )
Gentiakochianin Gentiacaulein Decussatin Isogentiakochianoside
T O OO *
OH OH
0]
OGIcO OPrim OCH,; O4 O OH O OH
_ 128 _ 129 130 131
Gentiacaulein-1-O-glucoside Gentiabavaroside Bellidifolin Demethylbellidifolin

Figure 14. Xanthones gentiakochianin and gentiacaein derivatives

In 2008, Tomohiro Itotet al. indicated the anticancer activity induced by xan#s such as-mangostinl32,
B-mangostinl33 andy-mangostinl 34 (Figure 15) which were major constituents of theqaep of mangostin fruits.
They examined the effect of xanthones on cell dagedion in rat basophilic leukemia RBL-2H3 celfntigen
(Ag)-mediated stimulation of high affinity IgE rqmer (FeRI) activates intracellular signal transductionsuféng

in the release of biologically active mediatorsksas histamine. The release of histamine and atflemmatory
mediators from mast cell or basophils is the pryrearent in several allergic responses. These xartheuppressed
the release of histamine from IgE-sensitized RBL32¢tlls. In order to reveal the inhibitory mechamisf
degranulation by xanthones, they examined the attiv of intracellular signaling molecules suchLgs, Syk, and
PLCys. All the xanthones tested significantly supprds$e signaling involving Syk and P& In Ag-mediated
activation of FeRI on mast cells, three major subfamilies of mitogetivated protein kinases were activated. The
xanthones decreased the level of phospho-ERKshé&mmbre, the levels of phospho-ERKs were obseraeldet
regulated by Syk/LAT/Ras/ERK pathway rather thanCHRaf/ERK pathway, suggesting that the inhibitory
mechanism of xanthones was mainly due to suppmesdgithe Syk/ PL&s /PKC pathway. Although intracellular
free C&'concentration ([C4],) was elevated by ERI activation, it was found that- or y-mangostin treatment
wasreduced the [, elevation by suppressed Cinflux [41].
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O OH &
BeSS
R,O O OR;
132: a-Mangostin: R=CHj;, R,=R3;=H

133: b-Mangostin: Ry = R3= CH3, R,=H

134: g-Mangostin: R =R, = R;=H
Figure 15. Xanthones:a-mangostin, -mangostin andy-mangostin

In 2009, Emilia Sousaet al. synthesised bis-intercalators, a bisxanthone andmimor product,
1-(6-bromohexyloxy)-xanthone. The synthesized cammpls bis-alkoxyxanthon&35 bromoalkoxyxanthoné 36,
dihydroxyxanthone 37, hydroxybromoalkoxyxanthon&38 and bis-bromoalkoxyxanthorie39 (Figure 16) showed
no capacity to inhibit the growth of human tumorll cknes was observed for the bisxanthone, the
bromoalkoxyxanthone revealed this biological atyivi Inlight of these results bromoalkylation of
3,4-dihydroxyxanthone furnished two bromohexyloxytkeones that were investigated for their effecti@in vitro
growth of human tumor cell lines MCF-7 (ER+, brgabtDA-MB-231 (ER, breast), NCI-H460 (non-small lung),
and SF-268 (central nervous system) (Table 9).X-n&y structure of 1-(6-bromohexyloxy)-xanthone ealed that
the xanthone skeleton remains essentially planamify a dihedral angle of 61.3f@jith the 6-bromohexyl side

chain. These results revealed bromoalkoxyxanthasesteresting scaffolds to look for potential eaticer drugs
[42].

CI0)
O/\/\/\/Br 0]

0
(0] O\/\/\/\
P L LI
o o OH
135

137 OH

o 136

0 0

0 07 TN Br o 07T

OH O~~~
138 139 Br

Figure 16. Bis intercalators xanthone derivatives

Table 9. Effect of compounds on the growth of humatumor cell lines

Compounds M)

SF-268 NCI-H460 MC MDA-MB-231
135 >100 >100 081 >100
136 30.2+3.6 30.7+£3.2 22.7+13 >100
137 22.6 114 2.56+6.3 22.8+4.8
138 >100 >100 081 >100
139 >100 >100 281.9 56.8 +11.2

Results are given in concentrations that were ébleause 50% of cell growth inhibition ({glafter a continuous exposure of 48 h and represent
means ¥SEM of3-5 independent experiments perfomméalplicate and carried out independently.

Doxorubicin was used as positive controlsIGMCF-7 = 42.8 +8.2 nM; MDA-MB-231 = 10.86+1.28 n\3f--268
=94.0 + 7.0 nM; NCI-H460 = 94.0 + 8.7 nM. ND = rddterminate.

In 2009, Hui-Fang Wangt al. synthesized and characterized two new complexes.ZHO 140 and Cul,.2H,0
141 (HL =1-hydroxy 6-(2-(1-piperidinyl)ethoxy)xanthon@~igure.17). Their interactions with calf thymDSIA (ct
DNA) were investigated by absorption spectroscoflyprescence spectroscopy, ethidium bromide (EB)
displacement experiments, circular dichroism spscopy and viscosity measurements. Experimentalltses
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suggested that there were intercalative interastminthe complexes with DNA. The binding affinit§y complex
141 was higher than that df40. In addition, the cytotoxic effects of both comps were evaluated with lung
adenocarcinoma (GLC-82), esophagus squamous c@€Aa109) and human gastric cancer (SGC7901) csitgu
MTT assay (Table 10). Both were potent exhibitilgngicant cytotoxicity in vitro [43].

COo 0
o 0
HZO/BM\B\OHZ

SOoSNS

Figure 17. Metal complex of xanthone

Table 10. IG5 values for the cell growth inhibition

Compound 4Gralue (UM)
GLC-82 ECA109 SGC7901
140 22.08 >50 e
141 16.20 21.04 5.40

In 2011, Jen-Hao Chengt al. prepared xanthones to develop novel antioxidanardg&ancer agents. In vitro
screening, the synthetic xanthones revealed sigmfi inhibitory effects on xanthine oxidase and ABT
radical-cation scavenging activity. The selectieenpoundsl42 and 143 (Figure 18) induced an accumulation of
NTUBL1 cells in the @ phase arrest and cellular apoptosis by the iner@dsROS level. The combination of
cisplatin and141 significantly enhanced the cell death in NTUBllseCompoundsl42 and 143 did not show
cytotoxic activity in selected concentrations agaidV-HUC1 cells. The present results suggestedattzoxidants
142 and 143 may be used as anticancer agent for enhancinghérapeutic efficacy of anticancer agents and to

reduce their side effect [44].
0]
l 0 ! HO ‘ 0 ‘ 0 >N
143

142

Xanthine oxidase inhibitory activity of 136: Xanthine oxidase inhibitory activity of 137:
IC50 (uM) : 37.8 £ 3.9 IC5 (uM) : 82.3+£2.8

Free radical scavenging activity of 1 of ABTS: Free radical scavenging activity of 2 of ABTS:
IC50 (uM) : 90.0 +4.9 IC5o (uM) : 69.3£2.6

Figure 18. Novel xanthones antioxidant as anticancagents

In 2011, Kyu-Yeon Juet al. synthesized Epoxide ring-opened xanthone derivsitd#, 145 146, 147(Figure 19)
and tested for their topoisomerase inhibitory afgtiand cytotoxicity. These compounds showed novigtagainst
human topo | at the same concentration, where aahgatin inhibited 69% human topo | mediated reliaxabf
supercoiled pBR322 (Table 11). Most of the compausttbwed topo # specific inhibitory activity. To clarify the
mechanism of action of these compounds, the mdshpcompound (compouri#5) of the synthesized analogues
was further studied by testing its ATPase inhilyitactivity and through molecular docking experinsefthe results
showed that the topodlinhibitory activity of compound.45 was inversely proportional to ATP concentratiam. |
the ATPase inhibitory test, ATP hydrolysis was et less efficiently by compount45 (28.5 + 4.6%) than
novobiocin (60.4 + 8.1%). Molecular docking stuadyealed compoun#l45to have a stable binding pattern to the
ATP-binding domain of human topo Il [45].

The cytotoxicity assay for compounds was accometisvith a range of human tumor cell lines. The bithiry
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activities (IGg) are presented as the micromolar concentratiottieofompounds, as listed in (Table 12).

O OH O OH
LI, L
OH Cl

144: Nu: -S(CH,),0H
145: Nu: -NHCH,CH,CH,

146: Nu: -OCH,CH,OH
Figure 19. Epoxide ring-opened xanthone derivatives

Table 11. Topo | and Il inhibitory activities of compounds

Compounds Topo | (% inhibition) Topo Il (% inhibition)
Concentrations 20 uM 10 uM 20 uM 100 pM
Camptothecin 69.15

Etoposide 26.04 39.11 77.07
144 0.00 26.32 49.09 63.75
145 0.00 41.23 70.01 100.00
146 0.00 23.43 43.68 89.25
147 0.00 15.80 22.24 45.33

Table 12. Cytotoxicities of compounds against théve cancer cell lines

Compd/cells sIEUM)
Hela HCT116 DU145 MMB231  HL60
Adriamycin 132+0.15 6.81+£143 24783 0.84+0.08 0.32 £0.07
Etoposide 236+047 950x1.35 20m" 1.23+0.38 1.28 +£0.07
Camptothecin  1.08 +0.07 3.97 £0.76 0.3168 0.97 £0.07 0.065 + 0.004
144 9.15+269 23.94+458 3.47801 5.13%1.65 19.86 +2.48
145 11.62+0.11 23.71+1.77 0.76390 4.11+0.57 4.15+2.09
146 15.38+1.04 46.70+5.98 155515 10.41+2.59 16.58 £ 0.64
147 464+203 1480%0.26 0.0024601 1.320.07 3.41+1.30

@ Each data point represents the mean + SD of thiferent experiments performed in triplicate. Tdedl lines used were HeLa, human cervix
tumor cell line; HCT116,human colorectal carcinoo®l line; DU145, human prostate tumor cell lineDM-MB231, human breast
adenocarcinoma cell line; HL60, human myelogeneukémia cell line.

In 2012, Chiao-Ting Yeret al. synthesized a series of prenyl- and pyrano-xanth@d8, 149, 15QFigure 20)
derived from 1,3,6-trihydroxy-9H-xanthen-9-one, asic backbone of gambogic acid (GA) and evaluatedif
vitro cytotoxic effects against four human canagl ines (KB, KBvin, A549, and DU-145) and antifimanmatory
activity toward superoxide anion generation andtakse release by human neutrophils in responskllt®/CB.
Among them, prenylxanthones were generally lessveacthan pyranoxanthones in both anticancer and
anti-inflammatory assays. Two angular 3,3-dimethgppxanthones 148 and 150 showed the greatest and
selective activity against the KBv in multidrug istant (MDR) cell line with 1G, values of 0.9 and 0.8 Ig/mL,
respectively. An angular 3-methyl-3-prenylpyranakame (49 selectively inhibited elastase release with 200
times more potency than phenylmethylsulfonyl flderi(PMSF), the positive control. The inhibitoryesff of the
test drugs on cell viability was measured by theTMblorimetric method [46].

O OH

O OH
" D
R HO
148 R=CH;

149 R= CH,CH,CH=C(CH;), 150 OH

Figure 20. Prenyl- and pyrano-xanthones

HO

In 2013, Dya Fita Dibweet al. found that the CHGlextract of the roots oBecuridaca longe pedunculata
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(Polygalaceae), collected at Democratic RepublicCaingo, killed PANC-1 human pancreatic cancer cells
preferentially in nutrient-deprived medium (NDM)hyRochemical investigation on the CHGxtract led to the

isolation of compounds including five new polymethiated xanthones
[1,6,8-trihydroxy-2,3,4,5-tetramethoxyxanthonel5y), 1,6-dihydroxy-2,3,4,5,8-pentamethoxyxanthonel 52,
8-hydroxy-1,4,5,6-tetramethoxy-2,3-methylenedioxykene 153, 4,6,8-trihnydroxy-1,2,3,5-tetra

methoxyxanthone &4), 4,8-dihydroxy-1,2,3,5,6 pentamethoxyxanthoh®5] and a new benzyl benzoate [benzyl
3-hydroxy-2-methoxybenzoatel§6)] (Figure 21). Among them, 1,6,8-trihydroxy-2,%H4etramethoxyxanthone
(151 and 1,6-dihydroxy-2,3,4,5,8-pentamethoxyxanth@tte?) displayed the potent preferential cytotoxicityttwi
PG of 22.8 and 17.4 puM, respectively (Table 13). Ttreggered apoptosis-like PANC-1 cell death in NDWih a
glucose-sensitive mode [47].

OH O OH OMe O OH OH O OMe
CrOrT et oreh
HO 0 OMe HO 0 OMe MeO 0 0
OMe OMe OMe OMe OMe OMe
151 152 153
OH O OMe OH O OMe O
OMe ‘ O OMe OA@
HO l 6) ‘ OMe MeO 0 OMe OMe
OMe OH OMe OH OH
154 155 156

Figure 21.Polymethoxylated xanthones

Table 13. Preferential cytotoxicity of compounds otuman pancreatic cancer PANC-1cells in NDM

Compound QM)
151 22.7
152 17.4
Others >100
Arctigenirf 0.5
TaxoP >100

3P positive and negative controls, respectively.

In 2013, Carlos M. G. Azevedet al. optimized antitumor xanthone derivatives with th@iks, values157-165
(Figure 22) following a multidimensional approadtatt involved the synthesis of analogues, the sufdtheir
lipophilicity and solubility, and the evaluation tifeir growth inhibitory activity on four human tamcell lines. A
new synthetic route for the hit xanthone derivativas also developed and applied for the synthdsts analogues.
Among the used cell lines, the HL-60 showed torbgeneral more sensitive to the compounds testitl tke most
potent compound57 having a GJ, of 5.1 uM, lower than the hit compound. Lipophtlcwas evaluated by the
partition coefficient (K) of a solute between buffer and two membrane nsodelmely liposomes and micelles. The
Partition coefficients in liposomes-buffer and nhieduffer for synthesized compounds are also shfvable 14)
[48].

Table 14. Partition coefficients in liposomes-buffeand micelle-buffer for compounds synthesized

C0mp0und5 LongIiposomee LOng micelles
157 3.35+0.02 | 3.28+0.02
158 3.25+0.08 | 3.35+0.04
159 3.86+0.08 | 3.92+0.01
160 3.53+0.04 | 3.58+0.01
161 3.32+0.10 3.76 £0.0
162 4.02+0.03 | 4.01+0.06
163 — 3.90+0.06
165 4.62+0.02 | 4.70+0.04
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157:

158:

159:

=

(@) (6)
OH

R=H

[Glsy uM]
MCF-7=39.7+3.2
NCI-H460 =40.3+3.3
A375-C5=28.9+8.1
HL-60=234+1.1

R = 8-OCH,

[Glsy uM]
MCF-7=>150
NCI-H460 =>150
A375-C5=>150
HL-60=23.9+3.5

R = 8-CH,

[Gl50 uM]
MCF-7=>150
NCI-H460 =48.1 £ 13.6
A375-C5=17.6+49
HL-60=12.5+3.2

OCH;

162: R = 8-CH;

[Glsy uM]
MCF-7=31.8+5.4
NCI-H460=30.9 + 3.6
A375-C5=29.7+4.7
HL-60=5.14+1.8

OCH,4

163: R = 8-OH

[Gl50 uM]
MCF-7=369=+4.7
NCI-H460=34.9+ 1.8
A375-C5=27.1+1.7

(0] (0]
T T ©
R—,/ R—,/
(0) O (0)

OCH;

165: R = 8-NEt,
[Glsy uM]
MCF-7=14.5+1.0
NCI-H460 =13.7 + 0.47
A375-C5=19.6 +4.7
HL-60=14.4+3.7

HL-60=18.8 £4.7
160: R = 10-OCH,
[Glsy pM]
MCF-7=N.R.
NCI-H460 =41.1 £ 8.6
A375-C5=68.0+4.5
HL-60=273+5.6

164: R = 8-NEt,
[Glsy uM]
MCF-7=343+1.1
NCI-H460 =26.8 + 1.6
A375-C5=21.9+2.7
HL-60=9.2+4.9
161: R =9-OH
[Glsy uM]
MCF-7=82.5+15.0
NCI-H460 = 59.1 + 14.1
A375-C5=40.7+8.5
HL-60=57.0+6.8

Figure 22. Antitumor xanthone derivatives

In 2013, Carlos M.G. Azevedet al. synthesized new pyranoxanthorig5-176(Figure 23). The benzopyran and
dihydrobenzopyran moieties can be considered dsilggred motifs” in drug discovery being good ptatihs for
the search of new bioactive compounds. Accordinglth the aim of rationalizing the importance oétfused ring
orientation and oxygenation pattern in pyranoxanés; this study describes the synthesis of newnpyanthones
and evaluation of their cell growth inhibitory adty in four human tumor cell lines as well as thigpophilicity
(Table 15 and Table 16) [49].

Table 15. Cell growth inhibitory activity in four h uman tumor cell lines

Compound Glso(UM)

MCF-7 NCI-H460 A375-C5 HL-60
166 | 13.3+1.3 329+7.1 6.2+0.6 32+07
168 | 39.6 £ 0.6 31.7+26 29.6 £4.7 38.9+9.8
169 | 45.1+3.3 47.3+6.0 425+55 31.8+6.1
170 | 88.6 +12.9 >160 N.D. N.D.
171 | 50.9+35 445+1.4 37.9+6.5 36.7+3.3
172 | >150 >150 >150 8859
173 | 107.9 +13.9 >150 >150 >70
174 | N.R. N.R. 69.5+5.9 96+17
175 | 39.7+3.2 40.3+3.3 289+8.1 234+1.1
176 | N.R. 429 +16.1 474 +4.1 9.6 +£3.2
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Figure 23. Pyranoxanthones

Table 16. Partition coefficients in liposomes-buffieand micelle-buffer for a chemical library of Pyranoxanthones

Compound LOng liposomes |-09 Kp micelle!
166 3.42 £0.02 3.50 +0.17
167 4.17 £0.06 4.15 £+ 0.0§
168 3.92+0.04 3.88 £ 0.07
169 - 4.32+0.04
170 4.14 +0.08 4.10 £ 0.04
171 3.60 £ 0.08 3.59 £ 0.04
172 3.06 £0.16 3.29 + 0.04
173 3.32+0.12 3.33 £0.07
174 3.35+0.02 3.28 £ 0.07
175 3.09+0.18 3.58 +0.0§
176 3.54+0.01 3.76+ 0.p3
9 0
/\/O O\/\
H,N NH, HZNMO OMNHZ
(0)
(0)
177 (X2S)

178 (X28, n = 6)

o O
(0] o o O /
oY IR ARCO SRS
O o

179 (X2S -1-Me) 180 (X2S -N,N-diMe)

O O
0 (o) — O 0] -
LT Y
S S

181 (X2SS) 182 (X2S -N,N-diMe)

Figure 24. Aminoalkoxy-substituted thioxanthone deivatives
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In 2013, Asako Muratat al. demonstrated that an aminoalkoxy-substituted thith@ne derivativesl77-182
(Figure 24) interferes Dicer-mediated processingrefmiRNA. Various biological processes have bieend to be
regulated by miRNA-mediated gene silencing. A smadlecule that modulates the miRNA pathway will\pde
the biological tool for elucidating mechanisms aRMNA-mediated gene regulation, and can be the tkad for
miRNA related diseases [50].

In 2013, So-Eun Parlet alprepared several alkylamine (n= 3-633-192 (Figure 25) and evaluated for the
pharmacological activity and mode of action. In tbpoisomerase dl (topo llo) inhibition test, compound. 86
showed strongest inhibitory activity among the commds at 10 pM. Inhibitory activities (topo | arupo II) of the
compounds are in the order D86 (n = 4) 3177 (n = 3) >387 (n = 5) 7188 (n = 6);190 (n = 4) >389 (n = 3)
22191 (n = 5) 192 (n = 6) where n is the number of carbon in thphdtic side chain in ring C (Table 17) and
compoundsl89-192have additional methoxy group in ring A compareccompoundsl85, 186-188 Compound
186 showed efficient cytotoxicities against T47D £00.93 + 0.04 uM) and HCT15 (kg 0.78 + 0.01 uM) cells,
which are higher than etoposide (Table 18). Comgddi6 was also an ATP-competitive human tope dhtalytic
inhibitor with partially blocking human topodicatalyzed ATP hydrolysis and intercalating into ANCompound
186 induced much less DNA damage than etoposide in ECHhdman colorectal carcinoma cells. Overall,
compoundl86 can be a potential anticancer agent acting asltopzatalytic inhibitor with low DNA damage [51].

R %0 R, OH
183: R=H

NH(CH,),R,
184: R=OCH, 185: R, =H, R,=CH,

186: R, =H, R, = CH,CH,
187: R, =H, R, =(CH,),CH;
188: R, =H, R, = (CH,);CH;
189: R, =OCH;, R, = CH,

190: R, =OCH;, R, = CH,CHj;
191: R, =OCH;, R, = (CH,),CHj;

192: R;=OCH;3, R, = (CH,);CH;

Figure 25. Alkylamine xanthone derivatives

Table 17. Topo | and lla inhibitory activities of compounds

Compounds Topo I(% inhibition) Topo Il (% inhibition)
Concentration 20 uM 10 uM 20 uM 100 uM 1Go (LM)
Camptothecin 26.1 - ” -

Etoposide - 18.0 30.2 82.1 28.2+0.47
185 0.0 50.2 60.2 93.8 10.4 £0.15
186 0.0 64.0 67.7 95.1 9.0+0.08
187 3.0 0.7 52.1 92.9 16.4+4.381
188 0.0 0.0 43.6 80.7 19.7 £1.22
189 0.0 6.0 64.4 100.0 12.0+0.09
190 0.0 24.2 68.1 100.0 11.2+0.97
191 0.0 2.0 62.6 100.0 13.8+2.15
192 0.0 0.0 61.2 100.0 13.8+2.15
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Table 18. Cytotoxicities of compounds 1, 4-10 agancancer cell lines

Compd/cells EUM)
T47D HCT15 ums HEK293

Adriamycin 0.41 £0.09 1.38 +0.39 2.68 +0.51 3.07 £1.67
Etoposide 3.42+£2.26 5.12+3.64 9.29+0.71 0.72+0.11
Camptothecin 0.3+0.09 0.42 £0.10 0.39+£0.34 0.78 £0.87
185 6.49 + 0.09 549+0.13 1.98 +0.12 4.28 £0.03
186 0.93+0.04 0.78 £0.01 1.98 +0.01 3.44 +0.08
187 1.62 +0.02 0.71 £ 0.004 1.13+0.11 2.65+0.04
188 1.28 £0.03 1.53+0.11 1.15+0.02 1.45+0.01
189 3.33+0.14 5.39+0.08 1.48 +0.08 3.62 + 0.66
190 297 £0.04 9.11+09 3.31£0.06 1.74 £0.03
191 9.80 + 0.07 1.00 + 0.004 0.91 +0.02 7.22+0.97
192 6.17 +0.02 6.32 +£0.03 1.79+0.11 4.53 +0.87

& Each data point represents the mean + SD of thiferent experiments performed in triplicate.
The cell lines used were T47D, human ductal brephelial tumor cell line; HCT15, human colorectarcinoma cell line; DU145, human
prostate tumor cell line; HEK293, human embryondnky 293 cell line.

In 2013, Ming Daiet alsynthesized a series of novel derivatives of phsoiktituted tetramethoxy xanthone based
on Formula 111193-196and evaluated for theiin vitro cytotoxicity against human hepatocellular carcinid&C)
and non-tumor hepatic cells (Table 19). Among thesevatives, compound93 was more potent than positive
control 5-fluorouracil (5-Fu) on QGY-7703 and SMMZ21 cells with G, values of 6.27 uM, 7.50 uM and 15.56
UM, 14.55 uM, respectively (Table 20). Furthermarempoundsl93 194, 195, and 196 exhibited much better
selectivity toward the normal hepatic cell line Q¥®1 than 5-Fu. Additionally, compouri®3 significantly
induced cell apoptosis in QGY-7703 cells [52].

Formula Il

Table 19. Inhibition rates of compounds of Formuldll against the QGY-7703 cell line at 10 UM

Compound R Yield Inhibitory ratio (%)
193 H 91% 66.45
194 4CH;(CH)CH; 88% 52.67
195 4C(CHy)s 88% 56.31
196 '‘ACH; 82% 51.36

Table 20. Effects of the target compounds on prokfration of human HCC cells and normal hepatic cells

Ke(LM)
Compd QGY-7703 HepG-2 SMMC-7721 QSG-7701]
193 6.27 19.18 o5 >100
194 26.14 32.46 0. >100
195 33.13 39.21 188. >100
196 13.26 5.00 8. >100
5-Fu 15.66 12.48 5B4. 0.60

In 2014, Zheng-Min Yangt al. synthesized a series of novel 1-hydroxyl-3-aminogjkxanthone derivatives and
evaluated forin-vitro anticancer activity against four selected humamcer cell lines (nasopharyngealneoplasm
CNE, liver cancer BEL-7402, gastric cancer MGC-80Byg adenocarcinoma A549). Compoub@7 (Figure 26)
shows excellent broad spectrum anticancer activitli 1Csq values ranging from 3.57 to 20.07 uM. Tihevitro
anticancer activity effect and action mechanisne@hpoundl97 on human gastric carcinoma MGC-803 cell were
further investigated. Morphological features of pjesis and necrosis were examined after MGC-808 eatre
exposed to 3g for 24 h. The results showed thapoamd197 exhibits dose- and time-dependent anticancer tsffec
on MGC-803 cells through apoptosis, which mightalssociated with its decreasing intracellular cafciand the
mitochondrial membrane potential [53].
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0 O(CH,).N
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BEL-7402 =20.07
MGC-803 = 3.57
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Figure 26. 1-hydroxyl-3-aminoalkoxy xanthone derivéive and anticancer activity in-vitro
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Figure 27. Chiral derivatives of xanthones
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In 2014, Carla Fernandes aldeveloped a highly efficient and practical methodgl for synthesis of new chiral
derivatives of xanthones (CDX4p8-202(Figure 27) in enantiomerically pure form. Accaglito this approach,
CDXs were synthesized by coupling a carboxyxantht88 and a carboxymethoxyxanthord®9 with both
enantiomers of commercially available chiral builgiblocks, namely six amino alcohols, one amine@raamino
ester. The synthesized CDXs were evaluated for #igct on than vitro growth of three human tumor cell lines,
namely A375-C5 (melanoma), MCF-7 (breast adenocansd), and NCI-H460 (non-small cell lung cancefeT
most active compound was C»being active in all human tumor cell lines. Thewth inhibitory effects, in some
cases, demonstrated to be depending on the sthemoistry of the CDXs. An interesting example wasesked
with the enantiomer200 and201, which demonstrated high enantioselectivity for BAZ and NCI-H460 cell lines
[54].

In 2014, Xiang Feet al. synthesized novel xanthone derivatiagt-208based ormi-mangostin203 and evaluated
as anti-cancer agents by cytotoxicity activity seciag using 5 human cancer cell lines (Figure 28).
xanthone-derived natural product;mangostin is isolated from various parts of thengwstin, Garcinia
mangostana.. (Clusiaceae), a well-known tropical fruit. Te&ucture—activity relationship studies revealedt th
phenol groups on £and G are critical to anti-proliferative activity and, @odification is capable to improve both
anti-cancer activity and drug-like properties [55].

OH o] OH O
O 7 - O O oo
RO 3 HO (0] OH
204 H 205

203
a-mangostin R=H, R, = CH, IC 50 (LM) IC 50 (LM)
b-mangostin R=CH;, R, = CH;
g-mangostin R=H, R, = H NCI-H460 = 3.23 NCI-H460 = 4.17
SW-620 = 2.97 SW-620 = 6.42
AsPC-1=4.02 AsPC-1=4.64
OH O
O MDA-MB-231 = 3.04 MDA-MB-231 = 4.91
o O o O OH B16F10 = 3.23 B16F10 = 6.54
NH,
206 |
IC 50 (M) OH O OH O
(@)
NCI-H460 = 15.1 O O > O O or
SW-620 =6.24 HO @) OH HO O OH
Cl 3
AsPC-1=12.96
IC 50 (UM) IC M
MDA-MB-231 =17.57 o (M)
NCI-H460 = 9.96 NCI-H460 = 4.48
B16F10 =12.34
SW-620 = 9.59 SW-620 =5.69
AsPC-1=19.26 AsPC-1=5.92
MDA-MB-231 = 10.11 MDA-MB-231 = 5.87

B16F10 = 12.44
Figure28. Xanthone derivatives based oa-mangostin

In 2014, Tsung-Chih Cheat al. synthesized a series of tetracyclic heterocycliatli@xanthone09-213 and
evaluated for cell proliferations, topoisomeraskibitions, and NCI-60 cell panel assay, respedivdhe 1G,
value of each target compound was measured by MsBa@yaagainst PC-3 and DU-145 cells, respectivehe T
values of IG, for five compound£09, 210, 211, 21And213 were less than 10 pM against PC-3 and/or DU-145
cells, respectively (Figure 29).
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Camptothecin, Etoposide and Doxorubicin were usestandard derivatives for MTT assay.

N |
S S N O S ~N
N
209 N 210 [ j 211 [Nj 210 N
1C 50 (UM) H N
DU-145 = 10.84 * 6.55 IC 50 (HM) ICso(uM) | IC 50 (uM)
— DU-145=5.01+1.68
PC-3=389:054 DU-145=1294£0.26  DU-145=11.12+4.18
PC-3=284+064 PC-3=7.18+245 PC-3=9.55+2.42

IC50 (kM)
DU- 145 =9.02 £1.20

PC-3=6.36+0.17
NH

Figure 29. Tetracyclic heterocyclic azathioxanthone

Compound®09, 210, 211, 21and213were selected for primary topo | and Il activitsags at 25 and/or 50 pM,
respectively. Compoundsl0, 212 and213 showed various inhibitory effect against topo batuM. Compounds
209 and210exerted slight inhibitory effect against topo 115 uM. Compoun@10was chosen for further testing
against topo | and Il in a concentration-dependeahner doses at 1, 5, 10, 25, 50 uM. Compound 7omigt
exhibited more potent inhibitory activity than coouymd 209, 212, 213and CPT, but also completely blocked
topos-mediated DNA relaxation at 25 uM. Compo@id-reated PC-3 cells were examined to see the edffect
compound210 on apoptosis and related protein, PARP, and prasasp. Compoun@10 induced apoptosis in
PC-3 cells followed by increasing the DNA fragmeiota via cleavage of PARP and decreasing procasp§5é].

In 2014, Somayeh Motavallizadedt al. prepared several novel N-(9-oxo-9H-xanthen-4-yljesre sulfonamide
derivatives as anti-proliferative agents. The sgatted compounds was investigated for in vitro-prdiiferative
activity against a panel of tumor cell lines indhgl breast cancer cell lines (MDA-MB-231, T-47D)dan
neuroblastoma cell line (SK-N-MC) wusing MTT cologtric assay.4-methoxy-N-(9-oxo-9Hxanthen-
4-yl)benzenesulfonamid214 (Figure 30) showed the highest antiproliferativaivity against MDA-MB- 231,
T-47D, and SK-N-MC cells. Etoposide was used assitipe standard drug.

Substituted benzenesulfonamide derivatives was alsduated against human leukemia (CCRF-CEM), breas
adenocarcinoma (MDA-MB-468), and colorectal caroiao(HCT-116) cell lines at the concentration of |5d.
pentafluoro derivative815and216 (Figure 30) exhibited higher antiproliferative adty than doxorubicin against
human leukemia cell line (CCRF CEM) and breast adarcinoma (MDA-MB-468) cells [57].

HOOO HOOO
HN HN

F F
\S:/O \ //O
i: /S 0 F 5o
H5;CO F F
F
IC50 (M) 216
SK-N-MC = 25.2 + 26.5 215

MDA-MB-231 = 54.4 + 21
T-47D =19.7 £ 0.18

Figure 30. N-(9-0x0-9H-xanthen-4-yl)benzenesulfonade derivatives
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2-3. Anti-convulsant xanthones

In 2008, Henryk Maronat al. prepared a series of appropriate alkanolamine anideaderivatives related to
Formula IV 217-2400f xanthone (Table 21) and evaluated for anticaseutl activity using maximal electroshock
(MES) and subcutaneous pentylenetetrazole (scMdt)cied seizures, and for neurotoxicity (TOX) usihg roto
rod test on mice and rats. A modification of thermiical structure of the most active compoudtiy and219 as
well as (R,S)-2-N-(6-chloro-2-xanthonemethyl)- amitrpropanol237 by the introduction of a tertiary amine
instead of secondary one, and the replacementediytiroxy group in the relevant compounds menticaisale by

a chloride did not increase or eliminate anti-MESivity (compounds228 and 230 are active at 100 mg/kg;
compound?229 is inactive), and greatly increased the neurofgxineurotoxic at 100 mg/kg) (Table 22).The
Anti-MES activity determined in rats treated witld 3ng/kg (po) of the compounds under investigatien i

summarized in (Table 23).
o]
o
R (0]

Formula IV

Table 21. Alkanolamine and amide derivatives Formw IV of xanthone

Compounds R X z
HN/\(OH
217 cl GH
OH
218 cl GH —NH
J\/OH
219 cl GH —NH
o
220 cl GH —NH
OH
221 cl GH —NH
~~_-OH
222 cl GH —NH
|/\/OH
—N
223 cl GH x HCl
\ /\/OH
224 cl GH —N
N
225 cl GH —NH OH | hel
" 0H
226 cl GH —NH

227 Cl GH

—N
Y\OH
228 Cl GH

229 cl GH —NH x HCl
e
230 cl GH —NH x HCI
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231 Cl GH x HCI

232 Cl CH X HCI
OH
—qu\(
233 Cl CH
OH
—Nﬁ\(
234 Cl CH

(@]
—N F\')J\
o ™
235 H co
o}
_ij\
236 H co NH;
AN
HN
237 H Cco HO D,L-trans
238 H co —NH
/S~ N\-OH
239 H co —NH
J\/OH
240 cl cO —NH
4R) isomer.
B(S) isomer

Table 22. Anticonvulsant screening project (ASP), lmase I: test results in mice after intraperitoneainjection

Compound Dose (mg/kg) Activity
MES ScMef Tox
0.25h  05h 1h 4h 0.5Wh 0.25h 05h 1h 4h
217 3 0/4 0/4
10 0/4 0/4
30 1/1 0/2 0/1 0/1 2/4 0/2
100 3/3 3/3 0/1 0/1 6/8 1/4
300 1/1 /1 0/1 01 4/4 2/2
218 30 0/1 0/1 01 0/1 0/4 0/2
100 2/3 0/3 0/1 0/1 1/8 0/4
300 1/1 /1 0/1 01 2/4 0/2
219 30 0/1 0/1 0/1 0/1 0/4 0/2
100 2/3 2/3 2/5 0/1 0/8 0/4
300 1/1 /1 0/1 01 2/4 0/2
220 30 0/1 0/1 01 0/1 0/4 0/2
100 2/3 0/3 0/1 0/1 5/8 1/4
300 1/1 /1 0/1 01 4/4 2/2
221 30 0/1 0/1 01 0/1 0/4 0/2
100 3/3 0/3 0/1 0/1 2/8 1/4
300 1/1 /1 0/1 01 4/4 2/2
222 30 0/1 0/1 0/1 01 1/4 0/2
100 1/3 0/3 0/1 0/1 1/8 0/4
300 1/1 /1 0/1 01 3/4 0/2
223 30 0/1 0/1 0/1 01 0/4 0/2
100 1/3 0/3 0/1 0/1 6/8 0/4
300 0/4 4/4 11
224 30 1/2 1/3 0/101 0/4 0/4
100 1/1 /1  0/1 0/1 1/8 2/2
300 4/4
225 30 0/1 0/1 0/1 01 0/4 0/2
100 1/3 0/3 2/3 0/3 0/20/1 2/3 38 0/3 0/4
300 1/1 0/1 0/1 01 4/4 2/2
226 30 0/1 0/1 0/1 01 1/4 0/2
100 1/3 0/3 0/1 0/1 1/8 0/4
300 1/1 /1 0/101 4/4 1/2
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227 30 0/1 0/1  0/1 0/1 1/4 0/2
100 2/3 0/3 0/1 0/1 0/8 0/4
300 11 0/1 0/1 0/1 3/4 0/2
228 30 0/1 0/1 0/1 /10 1/4 1/2
100 3/3 13 0/101 5/8 0/4
300 11 11 0/1 01 4/4 212
229 30 0/1 0/1  0/1 0/1 0/4 0/2
100 0/3 0/3 0/1 0/1 1/8 0/4
300 0/1 0/1 0/1 0/1 1/4 1/2
230 30 0/1 0/1 01 0/1  1/40/3 0/2
100 2/3 0/3 0/3 13 0/10/1 0/3 2/8 0/4
300 11 11 0/1 01 1/4 0/2

# Number of animals protected/number of animalstest the MES test.
® Number of animals protected/number of animalstest the ScMet test.
¢ Number of animals exhibiting toxicity/number ofraals tested in the rotorod test.
Table 23. Anticonvulsant screening project; phase Ma: test results in rats (dose 30 mg/kg po)

Compound Test Timb)(
0.25 050 1.00 2.00 4.00
217 MES 1/4 1/4 1/4 2/4 142
TOX 0/4 0/4 0/4 0/4 40/
218 MES 0/4 0/4 140 1/4 1/4
TOX 0/4 0/4 140 0/4 0/4
219 MES 1/4 0/4 140 0/4 1/4
TOX 0/4 0/4 140 0/4 0/4
220 MES 0/4 0/4 141 0/4 2/4
TOX 0/4 0/4 140 0/4 0/4
221 MES 1/4 0/4 140 0/4 0/4
TOX 0/4 0/4 140 0/4 0/4
222 MES 0/4 0/4 140 0/4 0/4
TOX 0/4 0/4 140 0/4 0/4
223 MES 0/4 0/4 140 0/4 0/4
TOX 0/4 0/4 140 0/4 0/4
224 MES 1/4 0/4 140 0/4 3/4
TOX 0/4 0/4 140 0/4 0/4

# Maximal electroshock test, number of animals tet/number of animals tested.
P Rotorod test for neurological toxicity, numberaoimals exhibiting toxicity, number of animals &bt

Table 24. Quantitative anticonvulsant activity andneurotoxicity in mice dosed intraperitoneally of 2B and 219 and some prototype

AEDS
TPE(h) | TDs EDs” EDs; ScMef
218 2.2 482.62 77.44 220099
(454.48—526.17) (62.29-98.53) [6.66 :
[27.82] P16.23
141 <500.00 72.97
219 ' (0.00) (52.99-95.26) >350.00
[0.00] [5.28]
Pl < 6.851
Phenytoin** 1/2,2 42.8 6.48 >50
(36.4-47.5) (5.65-7.24) [12.4] PI<0.9
[10.2] P16.6
Carbamazepine*  1/4, 1/4 (39427_'29 2) 9.85 >50
['7 98] : (8.77-10.7) [20.8] PI<1.0
' P14.9
Valproate** 1/4, 1/4 483 287 290
(412-571) (237-359) [7.31] (176-249)
[12.3] P17 [8.51]
' P12.3

# Time to peak effect. The first value is for therad test; the second is for the anticonvulsastseln the neurotoxicity assay, all dose&%f
were tested at 1/4th through 24 h; @rwere tested at 1/4 h through 8 h. For determirmatb TPEesfour mice were used, for TRE—eight
mice.
P Dose (mg/kg) eliciting the MES protection in 50f&nimals (32 mice were used to determine ofyBIES).
¢ Dose (mg/kg) eliciting the ScMet protection in 58Atmals (16 mice were used to determine ofyEBBMet).
* Doses (mg/kg) eliciting evidence of minimal néogical toxicity in 50% of animals; 95% confideriogerval is shown in parentheses; the
slope regression line is shown in brackets. Pl:rotaxic dose/median effective dose {FBEDsg) for anticonvulsant test; (32 mice were used to
determine of toxicity (TOX)).

The most promising compounds seem to be the agpte@minoalkanolic derivatives of 6-chloroxanthoamong

which the R-(-) and S-(+)-2-amino-1-propanol defikes of 6-chloro-2-methylxanthon218 and 219 displayed
anti-MES activity (in mice) with a protective indéXDsy/EDsg) of 6.23 < 6.85, corresponding to that of phenytoi
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carbamazepine and valproate (Table24). The mosteacbmpound219, was determined to have an affinity to the
benzodiazepine (BDZ) receptor and voltage-depen@efithannel (VDCC) by using radio ligand binding assays
The enantiomeric purities of®2and 2 were determined using an analytical liquid chrargeaphy—mass
spectrometry method [58].

O
8 1
S X 2
R
ol | 4N
% N
RV O R
Formula V

Table 25. Structure of the tested compounds

Compound Configuration Position R Position R R
CH,OH
241 R,S 6 OGH 2 H * CaHs
242 R
243 S
L
244 RS 6 OGH 4 H * CHs
)C\HZOH
245 R,S*HCI 6 GH 4 H * CHg
246 R
247 S
CH,OH
*
248 R,S 6 OGH 4 H CoHs
249 R
250 S
CH,OH
251 R.S 6 OGH 4 Chi " CoHs
CH,OH
CHs
252 — 6 OGH 4 H CHs
CH,OH
Hs
253 — 7 cl 2 CH C'%
CH,OH
Hs
254 — 7 cl 2 H Cﬁf‘
CH,OH
*
255 R,S 7 cl 2 H CHs
256 R
257 S

In 2013, Natalia Szkaradedt al. synthesized a series of 17 new aminoalkanol dévestbased on FormulaV
241-2570f 6-methoxy- or 7-chloro-2-methylxanthone as vesll6-methoxy-4-methylxanthone based on Formula V
(Table 25) and evaluated for anticonvulsant agtiviit mice. All compounds were verified in mice afte
intraperitoneal (ip) administration in maximal eleshock (MES) and subcutaneous pentetrazole (ckduced
seizures as well as neurotoxicity assessment.Ttieoauaulsant screening showed that all evaluatempounds
revealed activity in the MES test (Table 26). Elewd the tested substances showed protection dgdagrically
evoked seizures in the majority of the tested raicthe dose of 100 mg/kg. Additionally, one wazetifre at the
dose of 30 mg/kg. Five substances were activeeatitise of 300 mg/kg or at the dose of 100 mg/kyenminority
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of the tested mice. The most promising compounéakd ER, value of 47.57 mg/kg in MES (mice, ip, 1 h after
administration) and at the same time itssJ®as evaluated as above 400 mg/kg and these vadwesR] (calculated

as TQYEDsg) of more than 8.41 (Table 27). Three other syritleglsxanthone derivatives also proved to act as
anti-convulsant and showed EpDvalues in MES test (mice, ip) ranged 80-110 mg/Rgsults were quite
encouraging and suggested that in the group oheaetderivatives new potential anticonvulsants trighfound.

Table 26. The results of anticonvulsant activity esuation in mice (ip)

Compound Dose MES ScMet! Neurotoxicity®
(mg/kg)
0.25h 0.5h 1.0h 4.0h .50 4.0h 0.25h 0.5h 1.0h  4.0h
241 30 — 0/1 — 0/1 0/1 0/1 — 0/4 — 0/2
100 — 3/3 — 0/3 0/1 0/1 — 0/8 — 0/4
300 — 1/1 — 1/1 0/1 0/1 — 3/4 — 1/2
242 30 — 0/1 — 0/1 0/1 0/1 — 0/4 — 0/2
100 — 3/3 — 1/3 0/1 0/1 — 2/8 — 0/4
300 — 1/1 — 1/1 0/1 0/1 — 1/4 — 0/2
243 3 — 0/4 — — — — — 0/4 — —
10 — 1/4 — — —_ — — 0/4 — —
30 — 1/1 — 0/1 0/1 0/1 — 0/1 — 0/2
100 — 3/3 — 3/3 0/1 0/1 — 1/8 — 0/4
300 — 1/1 — 1/1 0/1 0/1 — 3/4 — 2/2
244 30 — 0/1 — 0/1 0/1 0/1 — 0/4 — 0/2
100 — 3/3 — 2/3 0/1 0/1 — 8/8 — 1/4
300 — — — — — — — 4/4 — —
245 30 — 0/1 — 0/1 0/1 0/1 — 0/4 — 0/2
100 — 2/3 — 0/3 0/1 — —  6/8 — 3/3
300 — — — — — — —  4/4 — —
246 30 — 0/1 — 0/1 0/1 0/1 — 0/4 —  0/2
100 — 0/3 — 0/3 0/1 0/1 — 2/8 —  0/4
300 — 1/1 — 1/1 0/1 — —  4/4 — 212
247 30 — 0/1 — 0/1 0/1 0/1 — 0/4 — 0/2
100 — 1/3 — 0/3 0/1 0/1 — 4/8 —  0/4
300 — 0/1 — 1/1 0/1 0/1 — 2/4 — 0/2
248 30 — 0/1 — 0/1 0/1 0/1 — 0/4 — 0/2
100 — 3/3 — 0/3 0/1 0/1 — 8/8 —  0/4
300 — 1/1 — — Death— — 4/4 — 11
249 30 — 0/1 — 0/1 0/1 0/1 — 0/4 —  0/2
100 — 2/3 — 0/3 0/1 0/1 — 0/8 —  0/4
300 — 1/1 — 1/1 0/1 0/1 — 4/4 —  0/2
250 30 — 0/1 — 0/1 0/1 0/1 — 2/4 —  0/2
100 — 2/3 — 1/3 0/1 0/1 — 4/8 — 1/4
300 — 1/1 — 1/1 0/1 0/1 — 4/4 — 12
251 30 — 0/1 — 0/1 0/1 1/5 — 1/4 — 12
100 0/3 0/2 0/3 0/3 /20 01 0/3 3/8 0/3 0/4
300 — 1/1 — 1/1 0/1 1/5 — 1/4 —  0/2
252 30 — 0/1 — 0/1 0/1 0/1 — 0/4 —  0/2
100 — 2/2 — 0/3 0/1 0/1 — 8/8 —  0/4
300 — — — — — — — 4/4 — —
253 30 — 0/1 — 0/1 0/1 0/1 — 1/4 —  0/2
100 — 2/3 — 2/3 0/1 0/1 — 3/8 — 0/4
300 — 1/1 — 1/1 0/0 0/1 — 3/4 —  0/2
254 30 — 0/1 — 0/1 0/1 0/1 — 0/4 — 12
100 1/3 0/3 0/3 0/3 /A0 01 0/3 1/8 1/3 0/4
300 — 1/1 — 11 0/1 0/1 — 2/4 —  0/2
255 30 — 0/1 — 01 0/1 0/1 — 0/4 —  0/2
100 — 0/3 — 23 0/1 0/1 — 0/8 — 0/4
300 — 0/1 — 11 0/1 0/1 — 0/4 —  0/2
256 30 — 0/1 — 0/1 0/1 0/1 — 0/4 — 0/2
100 — 1/3 — 03 0/1 0/1 — 0/8 — 0/4
300 — 1/1 — 11 0/1 0/1 — 2/4 —  0/2
257 30 — 0/1 — 01 0/1 0/1 — 0/4 —  0/2
100 — 2/3 — 33 0/1 0/1 — 0/8 — 0/4
300 — 0/1 — 11 0/1 0/1 — 0/4 —  0/2

# Number of animals protected/number of animalstest the MES and ScMet tests.
P Number of animals displaying motor impairment/nemtif animals used in the rotarod test.

Compounds were also examined for their anti-ME&/igtand neurotoxicity after oral administratiopa) in rats at
the dose of 30 mg/kg (Table 28). According to théamed results, compounédl and243 seemed to be the most
potent. They exhibited activity after 15 min of adistration, which persisted until 4 h of obsergatiwith
concomitant lack of neurotoxicity [59].
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Table 27. The results of anticonvulsant quantificabn in mice after intraperitoneal Administration
Compound | ED50 MES(mg/kg) | ED50 ScMet(mg/kg) | TD50°(mg/kg)
79.96
241 (66.65-92.61) PT‘Z%CZS 212.8%
Pl =2.66 ) (171.85-275.38)
107.26
>17% 269.27
242 (68#,?7:‘21‘;81'03) Pl <1.54 (235.76-301.79)
4757
243 (33.87-60.16) >200 >400
Pl >8.41
17 79.74
>375' 313.09
257 (63F',7|1:_§%23'12) PI<0.84 (251.13-382.27)

! Dose of the compound which gives protection agaieigures in 50% of tested animals; 95% confidéniegval is shown in brackets.
2 Dose of the compound which produces neurotoxitiB% of tested animals;
PI (protection index) = TRYEDsg; results observed after 0.5;H..0 H; 0.25 If;
2.0 H of administration of the compound

Table 28. The results of anticonvulsant activity ealuation in rats (po)

Compound Test Dose Time/retal
(mg/kg)
0.25h 0.5h 1.0h 2.0h 4.0h
241 MES 30 1/4 3/4 0/4 2/4 2/4
TOX 30 0/4 0/4 0/4 0/4 0/4
242 MES 30 0/4 0/4 1/4 0/4 1/4
TOX 30 0/4 0/4 0/4 0/4 0/4
243 MES 30 2/4 1/4 1/4 3/4 1/4
TOX 30 0/4 0/4 0/4 0/4 0/4
245 MES 30 0/4 2/4 0/4 0/4 1/4
TOX 30 0/4 0/4 0/4 0/4 0/4
246 MES 30 0/4 1/4 0/4 3/4 0/4
TOX 30 0/4 1/4 1/4 0/4 1/4
247 MES 30 0/4 0/4 1/4 0/4 0/4
TOX 30 0/4 0/4 0/4 0/4 0/4
248 MES 30 0/4 0/4 0/4 0/4 0/4
TOX 30 0/4 0/4 0/4 0/4 0/4
249 MES* 30 1/4 0/4 1/4 2/4 1/4
TOX 30 0/4 0/4 0/4 0/4 0/4
250 MES* 30 0/3 1/4 1/4 2/4 0/4
TOX 30 0/3 0/4 0/4 0/4 0/4
252 MES 30 0/4 1/4 1/4 0/4 1/4
TOX 30 0/4 0/4 0/4 0/4 0/4
253 MES* 30 0/4 0/4 0/4 0/4 0/4
TOX 30 0/4 0/4 0/4 0/4 0/4
255 MES 30 0/4 0/4 2/4 0/4 1/4
TOX 30 0/4 0/4 0/4 0/4 0/4
256 MES* 30 1/4 0/4 2/4 0/4 1/4
TOX 30 0/4 0/4 0/4 0/4 0/4

& Number of animals protected/number of animalstest the MES test.
® Number of animals displaying motor impairment/nemtif animals used in neurotoxicity test.

In 2013, A. M. Waszkielewicet al. synthesized a series of new xanthone derivativéls piperazine moiety. Five
of the tested compounds were evaluated for theic@mvulsant properties. In terms of anticonvulsantivity,
6-methoxy-2-{[4-(benzyl)piperazin-1-ylimethyl}-OHanthen-9-one258 (Figure 31) proved best properties. Its
ED50 determined in maximal electroshock (MES) s&iassay was 105 mg/kg b.w. (rats, p.o.) (Tablf&¥)

O
0
LT
258

Figure 31. Xanthone derivative with piperazine moigy
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Table 29. Result of anticonvulsant quantification bcompound 258 (rats, p.o.)

Compound ERyMES? ED50 ScMét TD50
[mg/kg] [ma/kg] [nfgg]
105 >25(0 >300°
258 (34.01-319.03)
Pl > 2.86

a Dose of the compound which gives protection ajaeizures in 50% of tested animals; 95% confidémierval is shown in brackets.
b Dose of the compound which produces neurotoxitifp% of tested animals; Pl = TD50/ED50.
¢ Results observed after 0.0 h of administratiothefcompound.
d Results observed after 4.0 h of administratiothefcompound.

2-4. Anti-microbial xanthones

2-4-1. Anti-bacterial xanthones

In 2009, Joseph Ngoupawt aldid phytochemical investigation of the methanolrast of the twigs ofzarcinia
staudtii yielded four new prenylated xanthones, staudtitvanes A-D259, 260, 262, 26and a-mangosti263
garcinone B261, demethylcalabaxantho@&6, Gartanin264 and xanthone V267 (Figure 32). These compounds
have been evaluated for antibacterial activity msfaimethicillin-resistantStaphylococcus aureu$MRSA).
Compound®59, 262, 265 with the 5, 7-dihydroxy groups showed a betteivigtthan the others (Table 30). The
new compounds were also screened for phagocyteiltimimescence, neutrophil chemotaxis, T-cell pesttion,
cytokine production from mononuclear cells and tytaity. They were found to exhibit potent
immunomodulatory activities [61].

O OH
RSO
O O
OH N

259
R, O OH R O oOH
R R
PO OSs ROOPS
R o OH Rs o 5
Rs R, R, Ry
262:R; = Ry = prenyl; R = Rs = OH; Ry = Rg = H 265:R, = preny; R=R;=OH; R=R;=H

263:R; = Rs=prenyl; R=Rs=H; Ry =OH; RR=0CH;  266:R, = R, = Ry = H; R, = OH; R, = prenyl
264:R; =R, =prenyl; R =Rg=OH; Ry =Rs = H 267:R=R;=Rs=H; R, =R; = OH

Figure 32. Prenylated xanthone derivatives

Table 30. MIC value of xanthone derivatives 258-26&gainst MRSA

Compound 258 250 260 261 262 263 264 5 26 266
MIC (ug/mL) 128 64 128 16 32 128 32 128 —

In 2010, Hyung Won Ryt al.isolated a series of xanthon288-273(Figure 33) from the seedcasesGHrcinia
mangostanand evaluated for bacteria neuraminidase inhibitantyvity. The most potent neuraminidase inhibitor
272 which has an Ig of 270 nM features a 5,8-diol moiety on the B rihgterestingly, structure—activity studies
reveal that these xanthones show different kingtidbition mechanisms depending upon the arrangémén
hydroxyl groups in the B ring. Compoud0 possessing a 6,7-diol motif on the B-ring operateder the enzyme
isomerization model ¢k= 0.1144 pM s'ks = 0.001105 3, and K*" = 7.41 pM), whereas compourgy2
possessing a 5,8-diol unit displayed simple rebésilow-binding inhibition (k= 0.02294 pM s?, k, = 0.001025
s*, and K*%= 0.04468 pM) (Table 31) [62].
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O OH
LT
HO o] OH

270

O OH
UL
HO (0] OH
273

Figure 33. Xanthones isolated from the seedcasesGrcinia mangostana

Table 31. Inhibitory effects of compounds on neurainidase activities

Compound Neuraminidase

I (UM) Kinetic mode (KuM)’
268 122+1.2 Competitive (5.8)
269 5.7+0.8 Competitive (3.3)
270 22+04 Competitive (0.8)
271 29+0.3 Competitive (3.6)
272 0.27 £0.05 Competitive (0.15)
273 146+0.8 Competitive (6.8)
Quercetin 9.8+0.2 NT

2 All compounds were examined in a set of expersmepeated three timesdgvalues of compounds represent the concentratiaincdused

50% enzyme activity loss.
b Values of inhibition constant.

¢ Not tested.

In 2013, Hanxun Zoet al.tuned the amphiphilic conformation @fmangostin, a natural compound that contains a
hydrophobic xanthone scaffold Formula VI, to impgats antimicrobial activity and selectivity for @npositive
bacteria. A series of xanthone derivatives wasionbtaby cationic modification of the free C3 and B@iroxyl
groups ofa-mangostin with amine groups of different pKa valu€ompound274-279 exhibited excellent
antimicrobial activity against clinical isolates MRSA and S. aureus with minimum inhibitory coneatibns
(MIC) of 0.39-1.56ug/mL (Table 32), which were superior or compardbléhose ofi- mangostin [63].

H4CO.

=lho

Formula VI

O OH
O
O O\ /nR

Table 32. In Vitro Antibacterial Activity (MIC), He molytic Properties (HC50) and Selectivity ofx--Mangostin Derivatives

Mig Selectivity
pKa of
Compound n R conjugated (ug P HCs®  (HCsd/MIC oo
amine, R-H (ng mr?)
MRSA  S.aureus MRSA  S.aureus
N\
N_
274 3 —/ 10.98 0.39 0.78 16.3+2 41.7 20.9
A\
N_
275 4 —/ 10.98 0.39 0.39 19.6+3 50.3 50.3
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N\
N_
276 5 — 10.98 0.78 1.56 140+2 18.0 9.00
N\
N_
277 6 — 10.98 1.56 1.56 265+2 17.0 17.0
(-
278 4 11.27 1.56 1.56 25.0+3 16.0 16.0
279 4 <:/\ 11.22 16 0.78 19.3+3 123 24

# MRSA: MRSA DM21455, clinical isolate, source: €yeaureus: S. aureus ATCC29213.
*The HC50 value was obtained by extrapolating thedicurve to 50% lysis of red blood cells.

Compound?275 exhibited potent antimicrobial properties againsti@-positive bacteria. Compoud5 also killed
bacteria rapidly without inducing drug resistanod avas nontoxic when applied topically (Table 33).

Table 33. MIC Values of 275 against Gram-positive &cteria, including Six Strains of MRSA from Clinicd Isolates

Gram-positive strains MIC Selectivity
MRSA ATCC 700669 0.095 206.3
MRSA DMO09808R; source: eye 1.56 12.6
MRSA DB57964/04 0.78 25.1
MRSA DM21595; source: wound 0.39 50.3
MRSA DR42412; source: sputum 0.39 50.3
MRSA DR68004; source: blood 1.56 12.6
VISA 10:DB6506 0.78 25.1
Staphylococcus aureus ATCC29213 0.39 50.3
Staphylococcus aureus ATCC 6538 1.56 12.6
Staphylococcus aureus ATCC 6538P 0.78 25.1
Staphylococcus aureus ATCC 29737 1.56 12.6
Streptococcus faecium ATCC 10541 0.195 100.5
Streptococcus epidermidis ATCC 12228 0.78 25.1
Enterococcus faecalis ATCC 29212 0.78 25.1

In 2014, Enas E. Eltamargt al. isolated microluside A [4 (1Bara-hydroxy benzoyloxy-GB-p-cellobiosyl), 5
(30para-hydroxy benzoyloxy-(B-p-glucopyranosyl)xanthone28( (Figure 34) is a unique O-glycosylated
disubstituted xanthone isolated from the brothuwreliof Micrococcus sp. EG45 cultivated from the Bea sponge
Spheciospongia vagabundahe antimicrobial activity evaluation showed tB&80 exhibited antibacterial potential
againstEnterococcus faecalidH212 andStaphylococcus aureU$CTC 8325 with MIC values of 10and 13 pM,
respectively [64].

O . OH o OH
23 20 13 o
26 HO %0

OH 10 4a
(@) 9—0
HO 4b
HO 29
o 300

36/, O
280 s
HO

Figure 34. Structure of microluside A
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2-4-2. Anti-parasitic xanthones
In 1993, Keiichi Matsuzaleét al.isolated the structure of the anticoccidial antilsi@anthoquinodir281 (Figure 35),
from Hwnicolusp. FO-888. It contains a new type of xanthoneantraquinone conjugate system [65].

281
Figure 35. Xanthoquinodin

2-4-3. Anti-fungal xanthones

In 2002, Stephane Moreai al. synthesized a series of arylhydrazones derivatdfez35-292 (Figure 36) from
various 6,8-diacetoxy- or 6,8 dihydroxy-9-oxbF¥anthene carboxaldehydes and evaluated for theivitro
antifungal properties against two human pathoggeésts Candida albicansandC.krusei) according to a diffusion
method (Table 34). The activity was strongly depertidrom the position of the (1-arylhydrazinyl-ddgne)methyl
chain in the xanthone molecular skeleton. Compotnagiing the nitrogen side chain in the 4-positieith a further
halogen substitution on the terminal phenyl ringowbd fungistatic effects. Within this series, the
4-fluorophenylhydrazinyl derivative87gexhibited the highest activity, particularly agdi@skrusej with a greater
efficacy than that of econazole, used asreferehabl¢ 34) [66].

OAc O

OH O OR O
X X
OO L0 L0 i
AcO o) ' . RO =N-N
X N H _/R "o © H _/R o H
N/ \ / X \N’N

285:X = H; R'=H,F,Cl 287:X =H; R'=H,F,Cl

\ 7/ 289:R = Ac

290:R=H
286:X=Cl; R"=H,F,Cl 288:X =CI; R'=H,F.Cl

OR O - H
NN
| R
RO o

291:R=Ac

R'=H, 4-F, 3-Cl

292:R=H
R'=H, 4-F, 3-Cl
Figure 36. Arylhydrazones derivatives

Table 34. In vitro growth inhibitory effects a of 4, 3- and 2-(2-arylhydrazonomethyl)xanthones againsC. albicansb and C. krusei ¢
(diffusion method: 100 pg substance/test disk)

Compound  Acetylated derivatives Free bygliated derivatives
lseries 2series 3series 4series bseries  6series  7series  8series
R CA CK CA CK CA CK CA CK CA CK CA CKCA CK CA CK

a H - - - - - - - - - -- - - - - -
b 2-CIl + ++ -+ - - ++  ++4+
c 3-Cl + ++++ - - - - + =+ o+ o+ - - - - +++
d 4Cl - - - - -+ + o+

e 2-F + 4+ -+ ++  HH+ -+

f 3-F s -+ 4+ HH - 44+
g 4-F ++ 4+t - - - T T = S o =+t
h 244diCl- - - - + o+ + o+

i 25diCl- - - - - - - -

j 24diF- + -+ -+ - 4+t

2 Size of inhibition zones: (=) 6—7 mm, (+) 8-10 nf#%,) 11-14 mm, (+++) 15-19 mm, (++++) 20 mm and meo
®C. albicans = CA.
“C. krusei = CK.
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In 2011, Justin J. Omol@t alsynthesized xanthones. Exposure of the phenol,rdBw-2-hydroxyphenyl)
(2,4,5-trimethoxyphenyl)methanor&®5 (Figure37) to cericammonium nitrate (CAN) resultadhe formation of
7-bromo-3,4-dimethoxy-H-xanthene-2,9@H)-dione 296 (Figure 37) and 5-bromo;%-dimethoxy-3H-spiro
[benzofuran-2,tcyclohexal2,5]diene]-3;4ione 296 (Figure 37). The brominated spirobenzofur2®v/ (Figure
37)was then subjected to Suzuki—Miyaura reactiorgivte six derivative299 (a—f)(Figure 37). These compounds,
related diones and xanthones displayed mostly rarty antimicrobial activity, particularly towardbe yeasts
Cryptococcus neoformarandCandida albicangTable 35). Dione294 and298 (Figure 38) displayed significant
activity (7.8ug/mL) againsC. albicansand C. neoformansrespectively. Furthermore, dior#93 (Figure 38)
displayed the most significant activity (3.6 pg/nadainst both yeasts (Table 35) [67].

0 o) OMe O OH
O MeO
OMe OMe €0
293 294 Me, 296
Br O HOAr
OMe OMe
297 299(a-f)
OMe
I 2o
Ar =
s B4 ® b
299 a CHO % CN 2 OMe
299 b 299 ¢ 299 d 299 e 299 f

Figure 37. Diones and xanthones

Table 35. Antimicrobial and antifungal activity of selected compounds

Compound Bacillus cereus Staphylococcus aureus Escherichia coli Moraxella catarrhalis Cryptococcus neoformans Candida albicans
ATCC 11778  ATCC 2587 ATCC 8739 ATCC 232446 ATCC 90112 ATCC 10231

Pathogen (MIC pg/mL)

293 313 93.7 125.0 250 3.6 3.6
295 31.3 62.5 62.5 250 15.6 7.8
296 313 62.5 187.5 250 15.6 31.3
297 313 62.5 62.5 25D 15.6 31.3
298 156.2 156.2 3120 56.2 7.8 156.2
299a 46.9 62.5 125.0 256 23.4 313
299b 15.6 15.6 62.5 250 15.6 31.3
299c 31.3 62.5 62.5 250 15.6 62.5
299d 31.3 62.5 62.5 250 15.6 234
299%e 31.3 62.5 62.5 25.0 15.6 62.5
299f 313 62.5 62.5 250 15.6 234
Ciprofloxacin 0.08 1.25 0.12 1.25 NA NA
Amphotericin B NA NA NA NA 25 3.0

NA = Not appropriate control; media control (notgeented) demonstrated sterility and solvent corftrot presented) had no additional
antimicrobial effects.

2-4-4. Anti-viral xanthones
In 2009, Young Bae Ryt al. derived a series of xanthone derivatia6-307 (Figure 38) fromCudrania

tricuspidatawhich are shown to display hanomolar inhibitor dtfiagainst neuraminidase (EC 3.2.1.18) as well as
competitive inhibition modes. Compoud®7 bearing vicinal dihydroxy group on the A-ring d&ps nanomolar
activity (ICso = 0.08 £ 0.01 pM), a 200-fold increase in activigyative to that of the first reported xanthoneivksl
neuraminidase inhibitor, mangiferin €= 16.2 + 4.2 uM) (Table 36). The 6,7-vicinal dihggy group plays a
crucial role for inhibitory activity because compaB03 which has one of these hydroxyl groups prenylataed
inactive (33% at 200 uM), whereas other compoBtis-302and305-307showed nanomolar activity (0.08-0.27
uM) and competitive inhibition modes. Interestingil inhibitors manifested enzyme isomerizationilaition
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against neuraminidase. The most potent inhibitommound307 showed similar interaction with a transition-state
analogue of neuraminic acid in active site [68].

| (e} OH
o OH HO O O ~ HO
" @ c @ Ho{% HO
HO (@] OH
|
300 |

301 302 303

305 306 307

Figure 38. Xanthone derivatives extracted fronCudrania tricuspidata

Table 36. Inhibitory effects of isolated compound4-8 on neuraminidase activities

Entry 16&° (UM) Inhibition type (KuM)

300 0.245 +0.03 Competitive (0.136 + 0.01)
301 0.186 + 0.02 Competitive (0.103 £ 0.02)
302 0.228 £ 0.01 Competitive (0.138 + 0.02)
303 33% at 200 uM Not tested

304 1.271+0.21 Competitive (0.950 + 0.02)
305 0.278 £0.08 Competitive (0.143 + 0.02)
306 0.186 + 0.04 Competitive (0.098 + 0.01)
307 0.080 £ 0.01 Competitive (0.058 + 0.01)
Quercetifi 27+05 Nested

Apigenir? 17.4+0.7 Nested

Mangiferir? 16.2 +4.24 Nated

& All compounds were examined in a set of expersmepeated three times; 4gvalues of compounds represent the concentratiancgused
50% enzyme activity loss.
® These compounds were used as a positive control

In 2012, Trong Tuan Daet al isolated 10 xanthone products related to Formula3@B-316and a derivativ@17
(Figure 39), by bioassay-guided fractionation friita EtOAc-soluble extract dtolygala karensiumin the course
of an anti-influenza screening program for natpralducts. The emergence of the HIN1 swine flu pamciéas the
possibility to develop the occurrence of disastegeresistant viruses by additional reassortmantwowel influenza
A virus. Compound808 309, 311, 313 and315with a hydroxy group at C-1 showed strong inhityjiteffects on
neuraminidases from various influenza viral straifidN1, HON2, novel HIN1 (WT), and oseltamivir-aint
novel HIN1 (H274Y) expressed in 293T cells (Tabi. 3n addition, these compounds reduced the cyipa
effect of HIN1 swine influenza virus in MDCK cellResults suggest that xanthones frBmkarensiurmay be
useful in the prevention and treatment of disegs@ftuenza viruses [69].

Table 37. Inhibitory effects of compounds 1-10 orhe neuraminidase activity

Compound sdfqug/mL)
HIN1 HIN2 1ML (WT) HIN1 (H274Y)

308 23.29+2.08 15.46 + 1.69 11.15+0.52 7.73+0.85
309 23.54 +3.68 22.45+3.45 11.54 £0.35 13.01+041
310 28.42 +1.47 2559 +2.14 9.33+0.6 12.8 +1.07
311 26.81 +2.18 2477 £2.45 13.41 +1.09 9.14 £0.39
312 26.87 +3.81 19.81 +3.34 13.68 £ 0.89 10.80 £0.48
Oseltamivir 39.74 £1.54 (ng/mL) 4.94 £ 0.5@4mL) 21.09 +1.19 (ng/mL) 5.13+0.23

& All compounds were examined in a set of triplidagperiments
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Formula VII
R R R R R R R 317
308 OH H OH H H H H
309 OH H H H H H OH
310 H OH OCH3 OCH3 H H H
311 OH H H OCH3 HH OH
312 OCH3 OCH3 OH H H OH H
313 OH H OH H H H OH
314 OCH3 OCH3 H OH H H H

315 OH OH OH H OH H H
316 OCH3 H H H H H OH

Figure 39. Xanthone derivatives extracted frorRolygala karensium

In 2012, Ting Zhowet al. synthesized 1R,2R-dicamphanoyl-3,3-dimethyl dihpgrano[2,3€] xanthen-7(H)-one
(DCX) derivatives Formula VIl as novel anti-HIV egts against both wild-type and non-nucleoside rezve
transcriptase (RT) inhibitor-resistant HIV-1 (RTMBER strains. Twenty-four DCX analog818-341 were
synthesized and evaluated against the non-drugtaesiHIV-1 NL4-3 strain (Table 38) and selectedlags were
also screened for their ability to inhibit the RTMREL strain (Table 39). Compared with the control
2-ethyl-3,4'-di-O-(-)-camphanoyl-22-dimethyldihydropyrano [2,3-flchromone (2-EDCP), eonof the best
anti-HIVcoumarin derivatives in our prior studyréle DCX compounds3(9, 324, and334) showed better activity
against both HIV strains with an Ef¥ange of 0.062-0.081 pM, and five additional coonpi#s320, 323 328 330
and333) exhibited comparable anti-HIV potency. Six DCXalogs 819, 323, 324 330and333-339 also showed
enhanced selectivity index (Sl) values in comparido the control. Structure-activity relationshiBAR)
information suggested that the extended conjugsyetém of the pyranoxanthone skeleton facilitdtesriteraction
of the small DCX molecule within the viral bindipgpcket, consequently leading to enhanced anti-Hitiwidy and
selectivity [70].
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Table 38. Anti-HIV activity of DCX analogs (318-34}) against HIV-1 NL4-3 strain.?

COmpOUnd R Rs Rs R Rio Ri1 X CCsob (H M) EQQC (H M) SF

318 H H H H H H O >2938 0.308 >96.8
319 H OCH H H H H (0] >14.3 0.063 >227.0
320 H OCH H H H H NOH >13.9 0.12 >118.2
321 H OH H H H H O NA N/A -£

322 H OCH H H H CHd O 4.32 1.52 2.84
323 H OCH H H CH H (0] >14.0 0.095 >147.4
324 H OCH H CHh H H o 114 0.065 175.4
325 H OCH CH; H H H O 11.6 0.15 37.
326 H OCH H H H OCH O N/A N/A -

327 H OCH H H OCH H (0] >13.7 0.362 >37.8
328 H OCH H OoCh H H o 10.8 0.12 88.8
329 H OCkl OCH H H H O 11.6 1.70 6.83
330 H OCHl CHs H OCH H (0] >26.8 0.14 >191.5
331 H OCH OH H H H o 8.1 033 245

332 H OCH H H H F o 7.8 0.23 339
333 H OCH H F H H O 26.0 0.10 260

334 H OCH F H H H (0] >13.9 0.062 >224.2
335 H OCH H H Br H o N/A N/A -

336 H OCH H Br H H o} 9.23 147 6.83

337 Br OCH H H H H O N/A N/A - -

338 Br OCel H CH H H O N/A N/A -

339 H OCH H CHBr H H (0] >25.2 4.53 >5.55
340 H OCH H H CN H O 9.08 0.20 454

341 H OCH H CN H H o >13.8 0.29 >478
EDCP 12.1 0.089 136.0

@ All data presented in this table were averagedfiat least three independent experiments.
P Cytotoxic activity was determined using a PromégtoTox-GId™ assay kit.
° This assay was performed in TZM-bl cell infectéti WIV-1 NL4-3 strain.
4 Selectivity index = C& + ECso.
¢ No selective anti-HIV activity (Ge+ ECse< 4).

Table 39. Anti-HIV activity of DCX analogs againstdrug-resistant RTMDR1 HIV strain. #

Compound CL£(uM) EG" (UM) S

318 >29.8 0.546 >54.6
319 >14.3 0.074 >193.2
320 >14.0 0.363 >38.6
324 11.4 0.081 140.7
325 11.6 0.37 314
328 10.8 0.42 25.7
333 26.0 0.16 162.5
334 >13.9 0.065 >213.8
EDCP 12.1 0.11 110

2 All data presented in this table were averagedfiat least three independent experiments.
b This assay was performed in TZM-bl cell infectétth WIVgrvpri Strain.
¢ Selectivity index = C& + ECso.

2-5. Anti-asthmatic xanthones

In 1993, J. Scott Sawyet al.reported the preparation and pharmacologic actofityvo new hybrid LTBreceptor
antagonists342 and 343 (Figure 40). Data was obtained on binding to humeuntrophils O and guinea-pig lung
membranes and inhibition of chemotaxis of humartroghils (Table 40). Compour@42 was similar in activity to
LY223982 in both the neutrophil and guinea-pig lumgding assays, but demonstrated a lo-fold ineréapotency
relative to LY255283 in the lung binding assay. ™aathone derivativ843 showed better affinity still, with a
significant increase in activity in both assayaitigke to LY255283. Relative to LY210073 (the xanthalerivative
of LY223982), compoun@43 had similar binding affinity for human neutrophilsut showed a 38-fold increase in
affinity for guinea-pig lung membrane receptorsnounds342 and 343 inhibited LTB4-induced chemotaxis of
human neutrophils with I§g values of 16 uM and 0.32 pM, respectively. Thesmpmounds are among the most

potent in vitro LTB, receptor antagonists and add new insight intathieal pharmacophores of the LTBeceptor
[71].
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LY223982: X = H,H
LY210073: X=0

OR; o) O ONa o
O O COONa O O COONa
NN
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COONa 343 ~ COONa

LY255283 COOH

Figure 40. LTB,receptor antagonists

Table 40. Inhibition of Specific Binding of H-LTB, and LTB-induced chemotaxis

Human Neutrophils Guinea-pig Lung Human Neutrophil
Compound (I6, nM) Membranes (KnM) Chemotaxis (16, UM)
LY255283 85+79 77+9.4 7.4
LY223982 13+2.2 7.8+2.0 6.0
LY218873 6.2+0.1 45+£7.0 0.90+0.18
342 46 6.8+1.2 16 20.
34z 4.0 1.2+0.11 0.32 +0.039
LTB, 1.9 £0.05 0.12 £ 0.015

In 1994, J. Scott Sawyet al. reported the preparation and pharmacologic agtofitthree spatial analoguég5,

346 and 347 of LY292728 344 (Figure 41), a highly potent xanthone dicarboxyli€B, receptor antagonist.
Molecular modeling of these compounds has helpddrtber elucidate the nature of the secondary hiiding site

of the LTB, receptor. In vitro evaluation of compour®4s and346 revealed that both analogues possess extremely
potent activity. Compound847 was found to be 40 to 200 fold less active inlitiig LTB4 binding thar845 and

346 (Table 41) [72].

F COOH
OH o) OH y
O COOH 7
0 )
245 COOH
F OH COOH
COOH Q
/©/ R o
O o0 o O OH
COOH O o ~"0o
346
347 COOH

Figure 41. Xanthone dicarboxylic LTB, receptor antagonist

Table 41. Inhibition of Specific Binding of FH]LTB 4, and LTB-mediated Up-regulation of Human Neutrophil CD11b/@18

Human Neutrophil Guinea-pig Lung MemtesHuman Neutrophil CD11b/CD18

Compound (Ki, nM) (Ki, nM) Up-regulation (l&, nM)
344 0.47 0.040 +0.016 1.2+0.10

345 11 0.073 £0.021 4.7

346 11 0.14 £0.012 2.6

347 39 14 +£0.39 1800

LTB, 1.9 £0.050 0.12 £0.015 —

*Tested as the disodium salt.

2-6. Xanthones used in diabetic nephropathy

In 2002, Lucilia Saraivaet al. evaluated the modulatory activity of a series of sdfple xanthones related to
Formula I1X @48-367 (Table 42) on isoforms, Bl, 3, n and( of protein kinase C (PKC) using an in vivo yeast
phenotypic assay. Hydroxy and/or methoxyxanthonesewsynthesised. Compoungb4 presented also a
comparable high potency on yeast expressing P&Q@¢hereas compound350 and 364 also presented high
potencies on yeast expressing PKEsee Table 43). Compound48and358 presented a remarkable potency and
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selectivity towards PKCr (see Table 43). Compound51, 352, 35&nd357 presented a high selectivity towards
PKC-( (Table 43). The xanthones tested differ in tldficacy and potency towards individual PKC isofgrand
some showed higher selectivities for PECxor <, suggesting that xanthone derivatives can becoahgable
research tools to elucidate the physiological rofghese isoforms [73].

H O R
PSS
H () Rs
Rs R
Formula IX

4

Table 42. Chemical structures of xanthone derivaties

Compound 1R R R R R
348 Xanthone H H H H H
349 1-Hydroxyxanthone OH H H H H
350 1-Methoxyxanthone OCH H H H H
351 2-Hydroxyxanthone H OH H H H
352 2-Methoxyxanthone H OCH; H H H
353 3-Hydroxyxanthone H H OH H H
354 3-Methoxyxanthone H H OCH H H
355 4-Hydroxyxanthone H H H OH H
356 4-Methoxyxanthone H H H OCH H
357 1,2-Dihydroxyxanthone OH OH H H H
358 1,2-Dimethoxyxanthone OCH OCH H H H
359 2,3-Dihydroxyxanthone H OH OH H H
360 2,3-Dimethoxyxanthone H OCH; OCH H H
361 3,4-Dimethoxyxanthone H H OCH OCH H
362 3,5-Dihydroxyxanthone H H OH H OH
363 3,5-Dimethoxyxanthone H H OCH H OCH
364 3-Hydroxy-4-Methoxyxanthone H H OH OCH H
365 3-Hydroxy-5-Methoxyxanthone H H OH H OCH
366 4-Hydroxy-3-Methoxyxanthone H H OCH OH H
367 1,3-Dihydroxy-2-Methylxanthone OH CH; OH H H
Table 43. 1G5 values of xanthone derivatives at the mammalian P&-a, -, -8, -n or <
Compound stEnM)
PKG PKCBI PKC8é PKCHq PKC¢

348 6300+812** ND ND 7+2 ND

349 ND ND 258630 9579+2055* ND

350 ND 3981+744** 5162 i 2+0.7 1342
351 ND ND ND ND 626+73
352 ND ND ND ND 188+41
353 ND ND ND ND 16+4

354 ND 101+12* O+ 2548 2000+986*
355 2512+367** 5000+507** 41 4%+ 9+2 151421 **
356 ND ND 16320" 8700+916 62
357 ND ND ND ND 501+37
358 ND ND ND 3+1 2460+690**
359 2500+577** 126+34** 24/ ** 1+0.8 79+16**
361 ND ND 5+2 2876+1143* 2522+1090*
364 ND 0897+3980 2410+414 188+67 4+0.8
366 ND ND 1@2B2** 2+1 21+10
367 5623+£681* 36603521  1585+127* 16+4 28+10

ICso values were considered to be the concentrationdhased 50% growth inhibition (assuming that 10§¥wth inhibition was that caused
by 10°M PMA for PKC &, -fl, -6 and # or by 10°M arachidonic acid for PK@). Xanthones were tested in a concentration rarfge o
10™-10° M. Shown are means + SEM of 20-32 determinatiNis.non-determinable (when the maximal responsefred was lower than
50% growth inhibition). Significant differencesiagvely to PKCs, *p <0.05; relatively to PKGy, **p <0.05; relatively to PKC¢, 'p <0.05
(unpaired Student’s t-test).

In 2003, Lucilia Saraivet al. evaluated the modulatory activity of two xanthogg-dihydroxyxanthon@68 and
1-formyl-4-hydroxy-3-methoxyxanthorn@69 (Figure 42) on isoforms, I, 8, n and{ of protein kinase C (PKC)
using an in vivo yeast phenotypic assay. In yeaptessing PKGC;, arachidonic acid, but not PMA, caused a
concentration-dependent growth inhibition of yemgbressing this isoform, with an Ef»bf 208.2 + 30.3nM (n =
64). Maximal values of growth inhibition caused b§>M PMA (or arachidonic acid for PKC-z), on the PKC
isoforms tested are presented on (Table 44). Batithones caused an effect compatible with PKC itibity
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similar to that elicited by known PKC inhibitorsh@erythrine and NPC 15437) (Table 45). PKC infbitcaused
by xanthones was confirmed using an in vitro kinassay. The yeast phenotypic assay revealed th#tomes
present differences on their potency towards thetimit PKC isoforms tested. It is concluded that
3,4-dihydroxyxanthone andl1-formyl-4-hydroxy-3-metiiwanthone may become useful PKC inhibitors and
xanthone derivatives can be explored to developisefarm-selective PKC inhibitors [74].

O O CHO
I @) I OH I O I OMe
368 OH 369 ©OH

Figure 42. 3,4-Dihydroxyxanthone 367 and 1-formyl-hydroxy-3-methoxyxanthone

Table 44. Yeast growth inhibition caused by 18M PMA on the PKC isoforms studied

PKC isoforms Growth ibition caused
by 1M PMA
o 40.6 £ 1.9 (n=36)
Bl 36.1+1.1 (n=56)
) 26.6 £ 0.6 (n=52)
n 21.3£0.7 (n=52)
C 0.2 +1.4 (n=36)

Growth in the presence of solvent was considerdm 9% growth inhibition (100% growth). Each vatepresents the mean + SEM of the
indicated n determinations.
PMA (considered a standard activator for the claasand novel PKC isoforms)
3Growth inhibition caused by P& arachidonic acid was 23.940.7 (n=56).

Table 45. EGy ratios for xanthones 368and 369, NPC 15437 and dbeythrine on the individual PKC isoforms tested

Compound kCatid

PKGa PKCBI KC3 PKCyq PKC¢
Xanthone 368 1.8+0.2* 0.8+0.1% 4.5+0.8¥ 600.0+25.4  40.1+1'8
Xanthone 369  79.2+6.9 28.7+214 24.0x1.6 20.0+2.8"  10.4+1.1
NPC 15437 5.1+0.8* 3.7+0.3% 2.4+0.1* 556.0+44.7  4.5+0™M
Chelerythrine 1.9+0.3* 2.9+0.3% 1.3+0.1* 63.2+1.7  1.4+0.%"

The EG, values were considered the concentration of PKivator that caused half of the growth inhibiticaused by 18M of PMA
(arachidonic acid for PK@). Shown are means + SEM of 16-20 determinatiogsiff£ant differences: from xantho2e*P <0.05; from
xanthonel, *P <0.05; from PKCa, P <0.05; from PKCs, "P <0.05 (one way ANOVA, followed by Tukey’s postiket).
3ECs ratio=ECs, (PKC activator + 1M compound)/E (PKC activator).

2-7. Xanthones acting on cardio-vascular system

In 2002, Li-Wen Wanget al. synthesized a series of xanthones related to Farml 370-373 and
xanthonoxypropanolamines Formula V4 and 375 (Table 46). All the compounds (Tables 46 and 4&yew
assayed for their ability to lower blood pressurenormotensive Wistar rat. All the compounds tesghibited
effective hypotensive activity in anesthetized .réts oxypropanolamine side chain substituted at@h& position
of the xanthone nucleus significantly enhancedhyagotensive activity. In rat thoracic aorta, alétbompounds
tested significantly depressed the contractionsdad by C& (1.9mM) in high K (80mM) medium and the phasic
and tonic contractions caused by norepinephringN3 . In the rat thoracic aorta, the phenylephriaad high
K*-induced C&' influx were both inhibited by a selective xanthateivative,375 (Table 48). In addition to the
previously reported result &75, evaluated as beta adrenoceptor blocker, the sieprand bradycardia effects of
372are independent of the parasympathetic passwaseTtesults suggest ttat5 showed inhibitory effects on the
contractile response caused by highatid norepinephrine in rat thoracic aorta are rgaiule to inhibition of C&
influx through both voltage-dependent and recepfmerated Cd channels. The vasodilating properties3@b is
due to its calcium channel and beta adrenergidiigeeffects [75].

O R
OO
Rg 0 Rs
Rs R
Formula X

4
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Table 46. Antihypertensive properties of synthetickanthone derivatives

Blood pressure (mm Hg)
Dose(mg/kg) iv Beforg Afte Change
Compd R1 R2 R3 R4 R5 R6 R7 (%)
370 H H OH H OH H H 1 118084.632  107.000+4.889 -9.8
5 141000+£3.531  79.333+7.775** -30.9
371 H H OH H H OH H 1 100087.500  98.500+8.684 -8.4
5 051000+5.244  83.000+4.754*  -21.0
372 OH H OH H H OH OH 1 14108@.546  136.667+4.907 -3.1
5 281667+2.373  122.567+3.569* -4.7
10 241667+2.722  110.000+£7.360* -11.8
373 H OH OH H H OH OH 1 125332.126  117.000+£3.859* -6.6
5 471667+3.538  138.333%5.932* -6.3
10 461667+3.600 134.000+£3.742* -8.6
®Each value represents the mean + SEM (n=5); (*p$08p<0.01)
O
LI .
O O N<
R
OH
Formula XI
Table 47. Antihypertensive properties of synthetickanthone derivatives
Blood pressure (mm Eig)
Dose Before After Change (%)
Compd R (mg/kg) iv
374 —CHCH,CHjz 0.1 130.0+8.0 128.0+¢5.0 -1.6+0.0*
0.5 119.5+1.8 114.0+2.3 -4.7+0.6*
1.0 124.8+4.5 101.8+3.7 -18.4+1.8*
5.0 105.4+3.9 80.3+2.9 -23.71+1.6F
375 —CH—(Ch), 0.1 120.0+7.9 111.046.7 -7.4+1.1*
0.5 127.56+6.5 115.7+6.9 -9.3+0.7*
1.0 127.0+2.6 108.4+3.0 -14.6+1.4*
5.0 123.6+3.9 84.5+5.5 -32.1+2.8*

@Value represents the mean + SEM (n=5) (*p<0.05,<46p01)

Table 48. Effect of synthetic xanthone derivativesn high K- and CaZ-induced and norepinephrine induced contraction ofat thoracic

aorta®
Compd (mg/mL) K* (80mM)+C&* Norepinephrine
(Am) Phasic Tonic

Control 100.0+4.5 100.0+4.4 100.0£1.2

370 (25) 41.4+1.0** 70.8+14.7* 65.6+5.9*

370 diacetate (100 43.9+9.4** 62.4+1.7* 50.7+4.6**
371 (100) 4.0£2.8%** 7.145. 1% 0.940.7***
374 (100) 38.4+2.5%* 9.9+3.1%+* 8.51+4 .4%+*
375 (100) 3.3+2 4% 21.612. 4% 15.4+0.5**

?Rat aorta was pre-incubated with various xanthoag\étives or DMSO (0.1%, control) at 3Z for 15 min, then high ¥80mM) and Ca2
(1.9mM ) or norepinephrine (3 uM) was added. Petages of the contraction were calculated and preetas mean + SEM (n=3); *p<0.05,
**p<0.01, ***p<0.001, as compared with the respeaticontrol values.

In 2003, De-Jian Jiangt al. synthesized 1,3,5,6-tetrahydroxyxanth@%6 (Figure 43). The relationship between
protective effect of xanthone on endothelial catlsl endogenous nitric oxide synthase inhibitors weasstigated.
Endothelial cells were treated with ox-LDL (100 pog)) for 48 h. Adhesion of monocytes to endothetialls and
release of lactate dehydrogenase (LDH) was detednibevels of tumor necrosis factor(TNF-), monocyte
chemo attractant protein-1 (MCP-1), nitric oxideQNand asymmetric dimethylarginine (ADMA, an endogas
inhibitor of nitric oxide synthase) in conditionatedium and activity of dimethylarginine dimethylarohydrolase
(DDAH) in endothelial cells were measured. Incubratof endothelial cells with ox-LDL (100 pg/mL) fa8 h
markedly enhanced the adhesion of monocytes totkelid cells, increased the release of LDH, theele of
TNF-0, MCP-1 and ADMA, and decreased the content of N@ ahe activity of DDAH. Xanthone
(1,3,5,6-tetrahydroxyxanthone) (1, 3 or 10 pumokignificantly inhibited the increased adhesion afnocytes to
endothelial cells and attenuated the increasedslefeLDH, MCP-1 and ADMA induced by ox-LDL. Xanthe
(1,3,5,6tetrahydroxyxanthone) (3 or 10 umol/L) figantly attenuated the increased level of ThBnd decreased
level of NO and activity of DDAH by ox-LDL. The ment results suggest that xanthone
(1,3,5,6-tetrahydroxyxanthone) preserves endotheb#s and inhibits the increased adhesion of nogtes to
endothelial cells induced by ox-LDL, and that thetpctive effect of xanthone (1,3,5,6-tetrahydraxythone) on
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endothelial cells is related to reduction of ADMéncentration via increase of DDAH activity [76].

O OH
HOOOH

OH 376
Figure 43. 1,3,5,6-tetrahydroxyxanthone

In 2010, Honggang Het al. reported xanthone sulfonamides as novel class am@kcule inhibitors of ACAT.
Inhibitors of acyl-CoA: cholesterol acyltransfera®CAT) would be useful anti-atherogenic agentsicei an
absence of ACAT affects the absorption and transfition of cholesterol, indirectly resulting in theduction of
cholesteryl ester accumulation in blood vesselseAes of xanthone sulfonamides were synthesizdceaaluated
to result in the identification of several poten€AT inhibitors, among whicl377 (Figure 44) proved to be more
potent than the positive control Sandoz 58-35 ifaibitor towards ACAT) (Table 49) [77].

Oo— N
O
O S
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O O
377

Figure 44. Xanthone sulfonamide

Table 49. Structure and ACAT inhibition rate at 10pug/mL concentration

Sample %Inhibition
Sandoz 58-35 55.00
377 64.80

2-8. Anti-malarial xanthones

In 2008, Rozalia A. Dodeast al.investigated the effect of fluorine upon the hdmmading ability of the xanthone
nucleus for 3,6-bisef-N,N-diethylaminoamyloxy)-4,5-difluoroxanthone 378 (Figure 45).
2-Fluoro-1,3-dimethoxybenzene was prepared by a, neyroved method and used to build up the xanthone
nucleus. The interaction of F2C5 with heme was stigated by UV—-vis'H NMR, and"®FNMR spectroscopy. The
binding affinity of F2C5 was compared to those bé tstructurally similar €and other known antimalarial
compounds (Table 50). For the first time, NMR stigdfor the heme—drug interactions are carried bpHa5.0,
physiological for the acidic food vacuole of the lam@ parasite. The lg values for F2C5 against the
multidrug-resistant strains W2 and D6 of P. falcipa were compared to those of other known antina$a(Table

51) [78].
o)
(C2Hs),"HN(H,C)s0 O O(CH,)sNH*(CH
F

=

5)2

378
Figure 45. 3,6-bis-@-N,N-diethylaminoamyloxy)-4,5-difluoroxanthone
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Table 50. Binding affinity (K,) of selected compounds for heme in aqueous solutio

Compound . HOMT
Chloroquine 4.0
Quinine 0.2
Mefloquine 0

378 0.6

Table 51. In vitro antimalarial activity against D6 and W2 strains ofPlasmodium falciparum

Compound i nM, D6 16, nM,W2
Quinine 1.1 X10 6.0 X 10
Chloroquine 7.8 X490 29X 10
Mefloquine 59X 190 0.7 X 10
378 9.3 X10 1.5 X 10

In 2009, Masahiko Isakaet al. isolated Acremoxanthones A379 and B 380 (Figure 46), novel
anthraquinone—xanthone heterodimers with a unidqokade pattern, together with two known compounds,
acremonidins A381 and C382 (Figure 46), from the funguédcremoniursp. BCC31806. The structures of the
acremoxanthones were determined by analysis of RIRNind mass spectrometric data. Acremoxanthones and
acremonidins exhibited antibacterial, antifungalkj-plasmodial and cytotoxic activities. Compours¥9-382were
subjected to in vitro biological assays: antibdate(Staphylococcus aureus, Bacilus cereus, Pseodasn
aeruginosa, and Escherichia coli), antifungal (G#and albicans,Magnaporthe grisea), antimycobacterial
(Mycobacterium tuberculosis H37Ra), and antiplasalodPlasmodium falciparum K1) activities, and dgiacity

to three cancer cell-lines (KB, BC, and NCI-H18fdanon-cancerous Vero cells (Table 52). The Comgsun
showed significant activity as anti-malarial agdiig).

381 382
Figure 46. Acremoxanthones and acremonidins
Table 52. Biological activities of compounds

Compd. S.aureud | B.cereud | C. albicand P. falciparun Cytotoxicity(IGo, pg/mLy

(MIC, (MIC, (MIC, ug/mL) | (MIC, pg/mL) KB BC NCI-H187 Vero

pg/mL) pg/mL)
379 12.5 >100 1.7 >10 3311 0.87 1.2
380 6.25 6.25 >50 3.0 8 194 14 12
381 3.13 1.56 >50 5.4 3 15.0 45 6.6
382 3.13 3.13 >50 >10 0>2.3 16 23

# Antibacterial activity against Staphylococcus awg@nd Bacillus cereus was evaluated using theztggamicroplate assay (REMA). MIC
values of a standard antibacterial vancomycin foa®eus and B. cereus were 1.0 and 4.0 pg/mLertsely.

P Antifungal activity against Candida albicans. Stard compound, amphotericin B, showed ag i@lue of 0.047 pg/mL.

¢ Antimalarial activity against Plasmodium falcipanuk1. Standard antimalarial drug, dihydroartemisinshowed an 1§ value of 0.0011

pa/mL.

4 The IGy values of a standard compound, ellipticine, agai®, BC, NCI-H187 and Vero cells were 0.27, 0215 and 0.60 pg/mL,

respectively.
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In 2013, Jittra Kornsakulkarat al. isolated three new mycotoxir883-385 (Figure 47), together from the scale
insect fungusAschersonia marginat8 CC 28721. Compound383 and 385 exhibited moderate cytotoxic activity
(Table 53) [80].

OH O OH

383
384: R;= OH, R,= H HO OH
385:R,= H, R, :\fm\ocrg
OH
Figure 47. Xanthones derived from fungu#\schersonia marginata
Table 53. Biological activities of compounds
Cytotoxicity, 1G5 (Lg/mL)
Compounds Antimalaria,
1Go(ug/mL) KB MCF-7 NCIH187 Vero
cells cells cells cells
383 >10 21.57 >50 >50 20.11
384 >10 22.94 >50 5.28 8.20
385 >10 >50 >50 >50 >50
Doxorubicirf — 0.71 6.05 0.08 —

Ellipticine® — 1.57 — 0.50 1.71
Dihydroartemisinifi  0.0005 — — _ _

& Cytotoxicity controls.
b Antimalarial control.

2-9. Anti-oxidant xanthones

In 2005, Byong Won Leeet al. isolated new catecholic xanthone, 1,3,7-trinydrdxgt,1-dimethyl-2
propenyl)-5,6-(2,2-dimethylchromeno)-xantho886 (Figure 48), from the root bark dfudrania tricuspidata
together with seven known xanthor@&®7-393(Figure 48). The structures were fully charactetiby analysis of
physical and spectral (UV, IR, mass, and NMR) d&alationships between the structural charactesistif
xanthones and their antioxidant activities (DPPUthesoxide, and hydroxyl radical) were studied. Agndime range
of catecholic xanthones, 6,7-dihydroxyl xanthon888(393 exhibited a strong scavenging effect on the DPPH
radical (Table 54). When one of the catecholichygrgroups was protected as in compouB86 and387, DPPH
radical scavenging activity was markedly decreafé€j,> 200 uM). DPPH activities were consistent with
electrochemical response by cyclic voltammetryedestingly, compound$86, 387 which had the weak activities
on DPPH, exhibited both potent superoxide and hydroadical scavenging activities. The strong atgiwn the
hydroxyl radical of compound$886, 387 could be rationalized by their chelating effedthwiron (F€") due toa
redshift of its complex. The catecholic xanthon888(-393, being able to convert quinone methide internmtedia
showed potent cytotoxicities against human canedr Imes (HT-29, HL-60, SK-OV3, AGS, and A549). In
particular, compound888, 391 and392 had strong cytotoxic activities agaimsGS (LDs,< 5 pM) (Table 55).
DNA fragmentation patterns induced by catecholintkanes revealed that tumor cell death was dugaptasis
[81].
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Figure 48. Xanthones extracted fronCudrania tricuspidata
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Table 54. Radical scavenging activities of compousd86-393 fromCudrania tricuspidata®

Compound DPPH 20 ‘OH
386 200> 64.5 55.5
387 200> 85.1 24.3
388 174 92.8 252
389 31.8 29.5 100.7
390 21.3 51.0 21.2
391 13.7 23.6 50.3
392 10.4 26.0 42.6
393 15.4 47.8 74.1
Trolox 10.6 33.6 48.2

# Results are expressed agd@alues (UM) by ESR signal intensity.

Table 55. In vitro cytotoxicity of prenylated xanthones and adriamycin against human cancer cell lings

Compound HT-29 HL-60 SK-0V3 AGS A549
386 46.3 35.9 70.4 44.7 61.9
387 50.7 40.8 73.5 49.5 61.7
388 20.7 6.2 23.8 4.7 16.3
389 65.0 45.2 71.3 43.9 57.8
390 41.4 32.8 43.2 32.8 45.8
391 11.4 8.6 38.0 3.9 335
392 12.1 8.2 14.6 4.1 11.8
393 28.0 29.5 23.1 15.2 25.8
Adriamycin 1.8 1.1 14.2 1.2 1.3

@ Results are expressed asskalues (UM).

In 2006, Ki Hun Parlet al.isolated the catecholic xanthones and flavon8@#-406(Figure 49) from the root bark
of Cudrania tricuspidata Compounds394 and 396-401 exhibited significant antioxidant activity against
low-density lipoprotein (LDL) oxidation in the tHdarbituric acid-reactive substance (TBARS) assabld@ 56).
Among them, prenylated flavonoid403—-405showed an inhibitory effect on the NO productiomd aNOS
expression in RAW 264.7 cells. Also, compour2B4, 395, 398, 400, 402nd 404 preferentially inhibited
hACAT-2 than hACAT-1, where as compound86, 397, 399and 401 showed a similar specificity against
hACAT-1 and -2. However, flavonoid®3, 405and406 dominantly inhibited hACAT-2, not hACAT-1 [82].
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401

405: R = isoprenyl
406: R=H

Figure 49. Catecholic xanthones and flavonoids

Table 56. Antioxidant activity against LDL oxidation and ACAT inhibitory activities of compounds

Compound LDL (IG, UM)? hACAT-1 (IGc, pM)° hACAT-2 (ICsc, UMY
394 12.6 40 28.8
395 NA 20 19.2
396 6.2 57.6 75.2
397 0.8 148 132.8
398 2.6 89.6 41.6
399 3.8 68.0 74.4
400 2.2 56.8 23.2
401 4.5 96.0 112.0
402 43.2 82.4 24.8
403 65.6 NA 89.6
404 27.2 59.2 44.8
405 46.4 NA 41.6
406 62.4 NA 77.6
Probucol 3.6

Oleic acid anilidé 0.14 1D.

1n vitro antioxidant activity was measured usingrian plasma LDL (120 pg/mL). Data are shown as mehres of two independent
experiments performed in duplicate.
® In vitro ACAT inhibitory activity was measuredngithe expressed hACAT-1 or hACAT-2. Data are stasamean values of two independent
experiments performed in duplicate.
¢ Probucol was used as a positive control.
94 Qleic acid anilide was used as a positive control.

In 2010, Clementina M. M. Sante$ al. evaluated the scavenging activity of the new 2zBytkanthones relevant
to Formula X11407-409 Formula Xl 410-412and Formula XIV413-415(Figure 50) for ROS (reactive oxygen
species), including superoxide radical,(Q) hydrogen peroxide (), singlet oxygen *02), peroxyl radical
(ROO-) and hypochlorous acid (HOCI), and RNS (iigagatitrogen species) (Table 57), including niidgde (NO)
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and peroxynitrite anion (ONOY(Table 58), considering the interesting and peing antioxidant activities present
in xanthone core. The natural derivatives can mprtedgdferent substitutions in the xanthone coret timlude
hydroxyl, methoxyl, prenyl and glycosyl groups. Tbktained results revealed that the 2,3-diarylamls are
endowed with outstanding ROS and RNS scavengingepties, considering the nanomolar to micromolageaof
the 1G, values found. The xanthones with two catecholgiwgre the most potent scavengers of all tested &@S
RNS. In conclusion, the new 2,3-diarylxanthonesmmemising molecules to be used for their potergigioxidant

properties [83].
OH OH
O O © O O OH
R? R?
oL, v, v,

Rl
Formula XlI Formula Xl Formula XIV
407: Ry =Ry =H 410: Ry =R,=H 413: R =R, = H
408: R = OH, R, = H 411: R = OH, R, = H 414: R = OH, R, = H
409: Ri=R= OH 412: Ry =R, = OH 415: R =Ry = OH

Figure 50. 2,3-diarylxanthone derivatives

Table 57. Q", H,0,, 02 and HOCI scavenging activity (IGo, mean + SEM) and ROO- scavenging activity (concemtion range
0.125-1.0 pM) expressed as ORAC values (mean + SEM)the tested 2,3-diarylxanthones and positive ctmols

Compd 165 (M) ORAGo + SEM

Q- H,0, HoCl '02 (UM trolox equiv/
UM compound)

2,3-Diarylxanthones

407 NASHM NALZSHM 155 + 25 2750 NALHM

408 NA UM NAZ M 72.1+86 80 +11 1.05 +0.09

409 28.1+2.3 ggEsHM 15.7+1.1 6.0+1.0 0.76 +0.01

410 NAO M NAZSHM 53.8+7.8 68.8+6.2 2.08+0.16

410 166 + 16 NS HM 22.4+25 58.4+4.9 2.88 +0.09

412 20.3+25 146°"™  14.7+1.3 3.3+0.7 0.88 +0.12

413 76 £11 9ugs M 10.8+0.4 45+0.6 0.84 +0.01

414 31.3+3.2 1760HM 7.5+0.7 6.8+0.5 0.83 +0.03

415 10.4+0.8 1760 1.2 £0.02 25+0.2 0.28 + 0.03,

Positive controls

Tiron 273+ 32 — — — —

Ascorbic — 602 + 80 — — 0.22 +0.03

acid

Dihydrolipoic — — 23+0.3 — —

acid

Quercetin — — — 8% 0.1 —

NA: no activity was found up to the highest testaucentration (in superscript).
" Scavenging effect (mean%) at the highest testeckoadration (in superscript).

Table 58."NO and ONOQO™ (with and without 25 mM NaHCO3) scavenging effects (16, mean + SEM) of the tested 2,3-diarylxanthones
and positive controls

Compd sHEUM)

NO ONOO without NaHCQ ONOO with NaHCQ
2,3-Diarylxanthones
407 390%°0 M 2990HM 4898° M
408 175 +36 1.55+0.14 1.80+0.39
409 1.88+0.18 0.40 £ 0.03 0.54 +0.08
410 419590 uM 2.66 +0.29 2.00 +0.15
411 108 +18 1.72+0.21 0.97 £0.25
412 0.42 +0.05 0.26 + 0.05 0.78 £ 0.26
413 1.22+0.21 0.37 +0.09 0.67 +0.09
414 0.62 +0.10 0.22 £ 0.03 0.89+0.18
415 0.39 + 0.05 0.17 £0.01 0.33+0.06
Positive controls
Rutin 2.53+0.37 — —
Ebselen — 0.50 + 0.03 2.01+0.22

* Scavenging effect (mean%) at the highest testademtration (in superscript).
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In 2015, Evgeny V. Buravleet al. synthesized a series of new C-4 derivativesi-ofiangostin using Mannich
reaction and alkylation with 4-bromomethyl-2,6-#tidphenols. The synthesized compourds, 417, 418, 419
and 420(Figure 51) have been evaluated for their cytotoaiti-oxidant and membrane protective properties.

419:R; = R, = t-Bu

420:R, = 3 R H
H H

Figure 51. C-4 derivatives ofu-mangostin

The dimethylaminomethyl derivativ&16 showed significant increase in toxicity with thencentration growth up
to 30 uM, only caused a high level of protectivévity of this compound at concentration of 10 pvhe Mannich
bases containing morpholinomett#d7 and piperidinomethy#18 fragments were found to be most effective under
acute oxidative stress conditions at medium (10 jaN high concentrations (30 uM). The deriva#iu® at high
concentrations only (30 uM), which is explained thdity low toxicity of these compounds and increase i
antioxidant activity with concentration growth. Mardte membrane-protective activity of the derivat#20 was
only observed when it was used at low concentrat{@riM) [84].

2-10. Xanthones acting on central nervous system

In 2005, Eric Vieireet al.designed and synthesized small molecule mGluR1reeha based on the lead compound
(9H-xanthene-9-carbonyl)-carbamic acid butyl esterivéer from random screening hit diphenylacetyl-cantza
acid ethyl ester as useful pharmacological toalstfe study of the physiological roles mediatedifglul receptors.
The corresponding ester bioisosteres 1,2,4-oxalgisaterivatives related to Formula Xa21-426and tetrazoles
related toFormula XV#27-431have been prepared (Table 59). The synthesishensiitucture activity relationship
of this new class of positive allosteric modulatafs mGlul receptors discussed in detail (Table 38)the
pharmacokinetic studies, both the methyl-substitute?,4-oxadiazol&21 and the ethyl-substituted tetrazel28
have an intermediate to high plasma clearanceatl)an intermediate volume of distribution (Vssalgle 60) [85].

O-N O O o)
N=N
R/<\Nﬂ\N N. A~n O
H ROON H
of Oy

Formula XV Formula XVI
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Table59. Structure—activity relationship of oxadianles 421-426 and tetrazoles 427-431

R  mGIuRl Eg Agonist effect In vitro In vitro metatimh  Solubility (pH 6.5)
(nM) (98) metabolism category (ng/ml)
(rat microsomes
(ul/min/mg privte

421 Me 52 100 42 Intermediate 12
422 Et 6 57 78 Intermediate 0.056
423n-Pr 25 90 97 gHli <1
424i-Pr 22 80 130 igi 4
425 Cyprop 23 80 227 High <1
426i-Bu 10 54 17 w.o 7
427 Me 180 65 16 Low 35
428 Et 65 80 41 Intermediate 21
429n-Pr 29 80 92 gHli 4
430i-Pr 45 70 63 ntekmediate 4
431i-Bu 34 28 229 ghli n.m.

n.m. indicates not measured.

Table 60. Pharmacokinetics of selected compounds¥4and 428 (data are mean values, n = 2)

Dose route of DMPK parameters 421 42¢
Administration
10 (mg/kg) Half-life (h) 32 0.49
iv bolus
CI (ml/min/kg) 0. 49.2
\ (L/kg) 1.82 2.09
10 (mg/kg) fex (Ng/ml) 1174 1130
po bolus
Fa(h) 1.5 15
Brain/plasma 15
CSF/plasma 0.08
15 mg/kg/h Brain/plasma 0.16
iv infusion
CSF/plasma 0.06

In 2012, Carla Fernandest al. reported the synthesis and structure elucidatiothcde new chiral xanthone
(9H-xanthon-9-one) derivatives of formula XV4I33-435(Figure 52). The coupling reactions of the synittexs
building block 6-methoxy-9-oxo#dxanthene-2-carboxylic acid32 (Figure 52) with two enantiomerically pure
amino alcohols ((S)-(+)-valinol and (S)-(+)-leucinand one amine ((Spfa-4-dimethylbenzylamine), were
carried out using the coupling reagent O-(benzottid-yl-)-N,N,N,N’-tetramethylluronium tetrafluoroborate
(TBTU). The coupling reactions were performed wjtblds higher than 97% and enantiomeric excessehigian
99%. Taking into account that these new chiral kané derivatives have molecular moieties strudgurabry
similar to local anaesthetics, the ability to blamkmpound action potentials (CAP) at the isolatgdsciatic nerve
was also investigated. Nerve conduction blockadghtmesult from a selective interference with"Nanic currents
or from a non-selective modification of membrarebgizing properties. Thus, the mechanism, by whiuh three
chiral xanthone derivatives cause conduction bldekia the rat sciatic nerve and their ability teyent hypotonic
haemolysis, given that erythrocytes are non-exktablls devoid of voltage-gated Nehannels, are also described.
Data suggest that nerve conduction blockade cabgedewly-synthesized xanthone derivatives mightultes
predominantly from an action on Nimnic currents. This effect can be dissociatednftheir ability to stabilize cell
membranes, which became apparent only upon inagdle concentration of compound83-435to the higher
micromolar range [86].
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Figure 52. Chiral xanthone derivatives

2-11. Miscellaneous

2-11-1. Xanthones as xanthine oxidase inhibitors

In 2011, Lina Huet al.synthesised a series of xanthone derivatives ofidta XVII 436-445(Table 61) and a new
class of xanthine oxidase inhibitor. Compouna8§, 438, 444, 44and445 showed good inhibition against xanthine
oxidase (Table 61). The presence of a cyano grdubeapara position of benzyl moiety turned outbi the

preferred substitution pattern [87].
O O N
| R
BRSO
HO O OH

Formula XVII

Table 61. In vitro xanthine oxidase inhibitory actvity of xanthone derivatives

Compounds R IGP(UM)
436 2-GH 7.08 £ 0.65
437 3-GH 13.56 £0.28
438 4-GH 5.73+£0.10
439 2-F n.a

440 3-F n.a

441 4-F n.a

442 2-Cl 6.41 £0.15
443 3-Cl n.a

444 4-Cl 470 £0.12
445 4-CN 4.67 £0.35

#Cso values: the concentration of the inhibitor requin® produce 50% inhibition of xanthine oxidase.
P Each results was performed in triplicate. Allomwi was used as positive control G 24.40 +0.50 uM).
°n.a.: not active (less than 60% inhibition at 1§YmL).

2-11-2. Xanthones as acetylcholinesterase inhibitors

In 2007, Lorna Piazzet al. investigated a previously introduced class of iclesterase inhibitors. Some new
3-[w-(benzylmethylamino)alkoxy]xanthen-9-one analog$atesl to Formula XVIII 446-453 (Table 62) were
designed, synthesized, and evaluated for theimitdny activity against both acetylcholinesterageCRE) and
butyrylcholinesterase (BuChE). From thed®@alues, it clearly appears that the carbamic uesid crucial to obtain
highly potent AChE inhibitors. On the other hanégculiarity of these compounds is the high selestitdward
BuChE with respect to AChE, being compoul the most selective one (6000-fold) (Table 63). @aeelopment
of selective BUChE inhibitors may be of great iastrto clarify the physiological role of this enzymnd to provide
novel therapeutics for various diseases [88].
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o

RL ‘ R R4
R ‘ o) O(CH,)NNC R

RZ
RG
Formula XVIII

Table 62. Physicochemical and analytical data of éhcompounds studied

Compound  n R R R R R R R
446 7 H H Me H H H H
447 8 H H Me H H H H
448 9 H H Me H H H H
449 10 H H Me H H H H
450 11 H H Me H H H H
451 12 H H Me H H H H
452 7 OCH H Me H H H H
453 7 OCH OCH; Me H H H H

Table 63. Inhibitory activity on isolated AChE andBuChE and ICx ratio of the compounds studied

Compound 1G(LM) 1Go (UM) Ratio 16 Ratio 1Go
AchE BuChE BuCGAEhE AChE/BUChE

446 2.82+0.61 0.80 +0.04 0.28 3.52

447 10.3+6.50 0.08 +0.01 0.008 129

448 152 0.10 +0.02 6.6 1520

449 388 0.10+0.01 2.6 3880

450 626 0.12 +0.01 1.92 5217

451 908 0.15+0.02 1.65 6053

452 7.84+0.51 46.1 £3.90 5.9 0.17

453 2.32+0.13 3.08 +0.35 1.33 0.75

2-11-3. Xanthones as p-glycoprotein inhibitors

In 2000, M.G. Dijoux-Franet al. prepared Dimethylallyl (DMA) derivative455-464(Figure 53) of a naturally
occurring xanthone (decussatib4). Their activity as potential P-glycoprotein intdys was monitored by affinity
of direct binding and compared to that of correstiog DMA-flavones (Table 64). Both classes of connpads
exhibited the same structure-activity relationshipgcreasing polarity enhanced the binding affirity the
P-glycoprotein C-terminal cytosolic domain since BMerivatives were more active, but unsubstitutgdrbxyl
group close to the carbonyl was required for effitiactivity [89].

OMe O OH OMe O OMe O OH OMe O
“ O O O O
O O OMe OMe OMe

OMe

OMe O OH fe) OH
OMe O OH * OMeO O
O O . L
OMe O O O O (@) OMEM
(@) OMe (@) OMe
459 460 461

Figure 53. Dimethylallyl (DMA) derivatives of xanthone (decussatin)
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Table 64. Differential affinity of binding to P-glycoprotein recombinant domain of prenylated xanthons; comparison to 7-MEM-chrysin

derivatives
Xanthone Apparent AFmax (%) Flavone Apparent  AFmax (%) derivative HuM)
derivative K (LM)
455 28.8+3.4 89.2+5.7 461 8.05+0.63 73.1+23
456 13.9+0.88 81.8+1.9 462 0.10 £ 0.04 42.3+20
457 0.25 £0.05 458+1.3 463 0.10 £0.01 48.8 £0.6
458 248+1.4 87.8+1.8 464 6.10+0.34 81.8+1.9
459 0.59 £ 0.05 819+1.9
460 0.39£0.22 35.0+4.

2-11-4. Xanthones as protein transacetylase inhibitors

In 2007, Hanumantharao G. Re&j al. reported the comparison of the specificities oftaxg derivatives465-470
(Figure 54) of coumarin, biscoumarins, chromonksjoines, isoflavones and xanthones with specigreate to
the phenyl moiety/bulky group on the pyran ringRA. The earlier work carried out in laboratory led the

identification of a novel rat liver microsomal emzy termed as acetoxy drug: protein transacetylagase),

catalyzing the transfer of acetyl group from polgpblic acetates (PA) to functional proteins (Ta&#¢. The results
clearly indicated that compounds having phenyl mese when used as the substrates, resulted igrafisant

reduction of TAase catalyzed activity. The altemtin TAase catalyzed activation of NADPH cytocheom
reductase and inhibition of benzene-induced mictt@iun bone marrow cells by PA were in tune witteit

specificities to TAase [90].

OAc OAC AcO 0__0O
AcO 0._0 AcO o__CH, ¢ AcO 0._0
=
7 | CH3 %
CH, 5 6 CHs OAc CH;
465 466 467 468
OAC o OAc OAC
AcO o. ° o oAc  AcO
_— N O
OAc OAc OAc
469 470 OAC

Figure 54. Acetoxy derivatives of coumarin, biscouarins, chromones, flavones, isoflavones and xanthes

Table 65. Modulation of micronuclei induction in benzene-treated bone marrow cells of rats by acetylatl polyphenols

Groug Treatment Mean cMinuclei/1000 cells
1 Control 1.25 0.6289-1.8711
2 Benzene 7.60 5.8894-8.7106
3 Benzene46%’ 2.66(65) 1.8101-3.5232
1 Control 1.50 0.4243-2.5757
2 Benzene 7.83 6.8016-8.5650
3 Benzene467 4.33(44.6) 3.4765-5.1919
1 Control 1.75 1.1289-2.3711
2 Benzene 7.50 6.0531-8.9464
3 Benzene 469 4.66(37.86) 3.8099-5.5235
1 Control 1.75 1.1199-2.3612
2 Benzene 8.00 6.5160-9.4840
3 Benzene 7@ 4.83(39.62) 3.6066-6.060

Group 1. Control Group: Animals received DMSO 0lli.m After 1 h, again DMSO 0.1 ml was given i.p.
Group 2. Benzene Group: DMSO 0.1 ml was giverAfier 1 h, benzene0.03 mi/kg BW in 0.1 ml DMSOgixges i.p.
Group 3. Benzene + Test compound: Test compoundng@idy BW in 0.1 ml DMSO was given i.p. After Wés again test compound 300
mg/kg BW in0.1 ml DMSO along with benzene 0.03gn@{kK 0.1 ml DMSO given i.p.
@ Four male rats weighing approximately 100 gm weteen in each case. All animals were sacrificedra?6 h and bone marrow cells were
harvested and stained micronuclei were scored asriteed earlier.
® These numbers denote the test compound number.
¢ Numbers in parenthesis denote the percentagéhifiiion of formation of micronuclei in benzeneated bone marrow cells due to test
compound.

127



Sahil Sharmaet al

J. Chem. Pharm. Res,, 2016, 8(1):75-131

3. POPULAR METHODOLOGIES FOR THE SYNTHESIS OF XANTH ONIC TRICYCLIC SYSTEM [91].

1 \ W
R—— + R
Friedel-Crafts = X HO Ullmann
acylation condensation
W = COCI X =0H
W=COOH X=F,Cl,Br,l
COOH OMe , Ol Bl
CN H COOMe
Photo Fries /©~ Smiles HOOC OH
X X Rearrangement Rearrangement
R—— P | — R R
X oH (0]
Benzophenone Diaryl ester Diary! ether
Robinson and Cyclization _ Electrophilic
Nishikawa synthesi Pyrolysis cycloacylation
NPhH, (0] ) OH O O O O
Claisen
A = X cyclization
R —-R R—— R <Yezaton OH
= X =
X 5n o HO OH
Ketimine XANTHONE Poly-beta-ketide
Tanase
method
Muller
O method
A = 0, X
SoOC NS C IS SIS SO
TN o OH o 0
O, Xanthene
Thioxanthonedioxide O
(0]
Benzoquinone

Figure 55. Methods for synthesis of xanthones

CONCLUSION

In brief, we emphasized on different researcheatedl to xanthones in which we summarized the siotiky

obtained xanthone derivatives, arranged in a madapending upon the biological properties exhibibgdthem.
The recent studies evinced that the use of diffesahstituted xanthone derivatives have left aitgatight in the
field of search for new agents acquiring differdriblogical activities. The reports revealed thaffedent

substitutions on the basic xanthone skeleton be#taith a wide range of biological attributes. Alsome of the
xanthone derivatives showed very good results tisaater agents, for instance compo@ddbossesses kgvalue
as low as0.65 uM against PC-3 human cancer cell line. Sommpounds such a225 exhibited potent
anticonvulsant activity, as well. Beside this maigrivatives showed significant activity against marganisms
(bacteria, virus, fungal etc.). On the other sidamtkone derivatives also constitute antiasthmatit @anthine

oxidase inhibition potential (Figure 56).

128



Sahil Sharmaet al J. Chem. Pharm. Res,, 2016, 8(1):75-131

e O
H3;CO oC NH
3 O\\ H3 (\
Xanthone acting on CVS
% inhibition of ACAT = 64.80 N/\/\OH
OH
Ant| convulsant
Anti-bacterial

ICso (Bacterial neuraminidase) = 0.27 uM N> 4 O OCH3

! 0 5 OH O
HO = 580 =000
or : XANT(I)-IONE : Ant -cancer
Gluc05|dase inhibitor i : I-
ICsp = 5.8 UM / """"""""" XI IC50(PC3) = 0.65 pM
0
HO.
H,CO O(CH2)7NCH24© CN
Xanthone acting on AchE TS HO _ HO o) OH
ICs50=2.32 uM O O Xanthone acting on XO

Anti-viral
IC5q (Viral neuraminidase) = 0.08 puM

Figure 56. Recently reported xanthone derivatives ith diverse biological attributes

Therefore, the review describe xanthones as ortbeofvidely adopted O-heterocyclic system as a ‘edfigient

moiety possessing numerous biological activitiespbtential has been supported by the reports suiped in this
review. In future xanthones would be of great intgce for the development of different biologicadlgtive

entities which could help to eradicate various aéss. Researchers must aim at the developmentnad sew
xanthone derivatives with effective and efficienbstitutions, thus exploring this central and fuméatal nucleus
to a large extent.
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