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Abstract: Background: A phyiochemical sudy on medicmal plints used for the ysment of fever
and malaria n Afnea vielded metabolites wiih potwntial intiplasmodial acuvity, many of which are
Anthraguinones (AQ). AQs have similar sub-structure as naphthogquinones and xanthones, which
were previously reported as novel antiplasmodial agents

Objective: The present study amned to iy estigate the structural requrements of  9.]10-
anthraguinones with hvdroxy, methoxy and methyl substituents 1o exen strong anvplasmodial activ -
ity and w mvestigate therr possible mode of action

Methods: Thirty-one AQs were svnthesized through Friedel-Crafts reaction and assaved for an-

tiplasmodial activity s vimo against Plasmodim ral iparant (3D7). The selected compounds were

tested for wxicnty and probed for their mode ol action against [b-hematin dimenzation through

HRP2 and hipid catalyses. The most active compounds were subjected w a docking study using
—  AutwDock 42

ARTICLEHISTORY

Results: The active AQs have similar common structural characteristics. Howe er. it is difficult w
establish a structure-activ ity relutionship as certain compounds arc active despite the absence of the
structural features exhibited by wther active AQs They have either ortho- or meta-ammnged
oy substituents and one free hydroxyl andor carbonyl groups. When C-6 is substiuted with a methyl
WA AERAVIDRTI zroup. the activaty of AQs generally increased. 1.3-DihydroxyAQ (15) showed good antiplasmodial
actraty with an 1C, value of 108 uM, and when C-6 was substituted with a methyl group. 13-
dihydrony-6-methylAQ (24) showed stronger anuplasmodial actnvity with an ICq; value of 0.02
ML with better selectivity index Compounds 18 and 24 showed strong HRP2 activity and mikd
toxcaty agamst hepatoeyte cells. Molecular docking studies showed that the hydroxyl groups at the
ortho 123) and mict (24) positons are able to form hydrogen bonds with heme. of 349 A and 3.02
AL respectively

Conclusion: The activity of 1 3<dihy droxy “o-methyIALQ (24) could be due to their mhibition against
the free heme dmenzation by inhibiting the HRP2 protan. It was further observed that the
anthragumone motety of compound 24 bind 1 parallel 1o the hame ring hrough hvdrophobic inker-
actions, thus prevenung crystallization of heme mto hemozom.

Keywords: Anthraquinone. synthesis. antiplasmodial. malaria. Plasmodiun fale iparum. beta-hematin, HRP2,

L INTRODUCTION According to World Malana Report 2017, there were 216
million cases of malana infections, with 445 000 deaths
reported. of which 80% of the reported deaths were young
children [2] It is estimated malara kills a child every two
minutes. For decades. malarial chemotherapy  relied on
several drugs. each with its own pharmacological limitations,
*Address correspondence w this author at the Faculty of Apphicd Sciences of which parasite resistance has ?Ccnliht most L‘h-’:!kl’lgli‘lg
Unnersii Tehmodogt MARA, 40450 Shah Alam. Selangor. Malas sa WHO recommends Artemisinin Combination Therapy (ACT)
Tel Fax 60355438436, F-mail cheputeho salam ugom.cdu an tor non-compheated falaparum malaria in sub-Saharan

Malaria 5 one of the most lethal parasitic discases. and
affects approximately 25 of the global population. with a
higher concentration m tropical developing countries [1).
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region (2] However. due to poverty and limited access 1o
healthcare facilities. 36-69 million children did not receve
ACTs as a firstline wreatment [2]. Despite the high
prevalence of malarial infection’s globally, only 13 out of
1300 new drugs were introduced for parasitic discases
between 1975 and 1999 [3).

One of the important chemotheraupeutic targets in
combating malaria infection is its food vacuole. The
Plasmodium parasite digests ervthrocytes and releases heme
{4]. along with oxygen [5]. Free heme is toxic owing to its
detergent-like  properties  and  destabihizes  and  lyses
membranes [6. 7] as well as inhibiting the activity of several
enzymes, sach as the Cysieine profeases [7) h.-uding_ [0
parasite death. The mechanisms of heme detoxification can
be broadly classified into two types: primarily through
dimenization into hemozom and secondarily  through
degradation of heme by glutathione and hydrogen peroxide
{81 thstdine-Rich Protein [T (HRPZ) [3. 7 and lLipids [8] are
proposed to catalyze the reaction but there is other evidence
that hemozoin formation may be spontaneous [9] and
autocatalytie  [7]. An oxidative  mechanism  has  been
proposed for lipid-mediated B-hematin formation. which
may be mediated by the generation of some free radicals
which are intermediates of heme |7]. The secondary model
of heme detoxification suggests that heme which is not
converted into hemozoin escapes from the food vacuole to
the parasite cytosel where @t is degraded by glutathione [7].
In the foed vacuole, hydrogen peroxide mediates oxidation
of the porphyrin ring at pH 5.2, which leads to macrocyelic
ring opening and subsequent break down [7).

Phytochemical studies on medicinal plants used in Africa
for the treatment of malaria and fever yielded many
interesting metabolites with potential antiplasmodial activity
investigation on Morinda Lucido Benth. [10]. Newbonidia
laevis [V1). Bulbie frutescence [12). Cassia siamea [13],
Kniphofia foliosa [14], Stereaspermum  Lupthionum [15),
Tectona  gramdis  [16]. Pentas  micrantha [17). Pentas
longiflora and Pentas lunceolata [18] vielded many active
metabolites with anthraquimone moiety

The mechanism on  how anthragumnones work as
antuplasmodial agents is not clearly understood: nonetheless.
they are known to induce free radical formation in biological
systems [19-21]. Aromatic compounds fike anthraquinones
often display good activities against protozoa due to bio-
reduction and the formation of reactive free radicals
It i1s hypothesized that anthraquinones may act as anti-
plasmodial agents through futile redox cycling. similar 10
naphthoquinones [20. 22| They generally act as a catalync
oxidizing agent capable of undergomg cyclic one clectron
oxidation-reduciion reactions [22]. Reactive Oxygen Species
{ROS) in infected erythrocytes can induce oxdative stress
causing membrane lysis and cellular damage. which
consequently lead to the death of the Plasmodium parasite
171 Anuplasmodial drugs that induce oxidative stress. such
as primaquine and artemusinm, act by rendering the parasite
more susceptible 10 oxygen radicals or causing enhanced
production of oxygen radicals mside purasitized erythrocyies
[20].

Li0-Anthraquinones  have  similar aromatic  planar
structures as xanthones except for the carbonyl group at C-

Oxman vt al.

10, Anthraquinones may intervene i heme detoxificaton
through free-radical hydroxylauon and bind with free heme,
consequently causing 1ron deprivation i parasites. similar o
xanthones {22 lgnatushehenko and co-workers proposed
that carbonyl group of a hydroxyl substituted xanthone
mterferes with heme formation. possibly due to association
with free carboxyl groups of heme polymer and a-z
interactions between the respective aromatic systems {23,

There are several reports on how the substitution pattern
of 9.10-anthraquinones (AQs) profoundly affects their
antiplasmodial activity. Winter er af. suggested that the
antiplasmodial activity of hydroxyanthraquinones increased
as the number of hydroxyl groups increased [22] Sittic of of
established that the presence of a formyl group at C-2 and a
phenolic hvdroxyl group at C-3 as in 2-formyl-3-hydroxyAQ
exerts antiplasmodial activity [ 10]. In a previous report from
this laboratory. it was found that, anthraquinones with a
methyl group at C-2 and a phenolic hydroxyvl group at C-3
showed stronger actvity than 2-formyl-3-hydroxyAQ
antiplasmodial assay & vire using 3D7 strain [24]. This
imual observaton suggested that the presence of a free
hydroxyl group at C-3 15 essential for strong antiplasmodial
activity.  1.2-Dimethoxy-6-methylAQ 29 from  Rennellia
elfiprica Korth. also displayed strong activity. with an 1Cs,
value of 110 pM. However, the hydroxylated form of this
compound. |-hydroxy-2-methoxy-6-methyIAQ 26 did not
show any significant activity

In continuing  to  swdy the potential of 9.10-
anthraquinencs as antiplasmodial agents, a series of 9,10-
anthraquinones with different substitution patterns (R, R.,
Ri Ri. and R} was synthesized using a Friedel-Crafts
reaction between phthalic anhydride and benzene derivatives
in the presence of mixture of aluminium chlonde and sodium
chionde (Fig. 1) Methylason of the hydroxyl group was
accomplished through reaction of the hydroxyvanthraquinones
with methyl jodide and potassium carbonate. The purities of
synthetic anthraquinones were determined usmg HPLC and
the AQs with a purity of more than 95 %, were assaved for
antplasmodial acuvity i vitro using a chloroquine-suscepuble
Plasmadiam falcipanum (3D7) stran. The AQs were also
evaluated for their wxiaty, and evaluated for ther potentiai
mode of action against f-hematin formation based on HRP2
and hipid catalyses

Ry
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Fig. (1) 9,10 Anthraquinones with different substitution patiems at
R,RR. Ryand R,

2. MATERIALS AND METHODS

2.1“151 rumentation

‘H- and ""C-NMR spectra were run on a Bruker 300 Ul-
trashicld NMR (Geneva. Switzerland) at 300 and 75.5 MHz.
respectivelyElusing CDCL or acetone-d, (Merck, Germany)
as soivent. Chemical shifts are reported in ppm and 6 scale
with the coupling constants given i Hz Melting points were
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determined using a Hinotek X-4 (China) melting point appa-
ratus  equipped w a microscope and are uncorrected.
HREIMS spectra were obtained on a Thermo Finnigan
Autoniass Multi (Shimadzu, Japan). IR spectra were ob-
tained using Perkmn-Elmer 1600 series FTIR spectrometer
(USA) using KBr pellets. The compound purity was ana-
lyzed using a Waters 600 HPLC coupled with 2414 PDA
detector and Sunfire C-1% column (4.6 mm x 250 mm x 3
uM). The punfication of crude synthetic products was ac-
complished using open column chromatography or medium
pressure column chromatography using a Buchi C-40 pump
regulator and cartridges packed with acid-washed silica vel

2.2. Chemicals and Reagents

All chemacals for the synthesis of anthraguinones werge
purchased from Merck (sodium chloride) or Sigma-Aldrich
(aluminum chloride anhydrous, o-cresol, p-cresol. m-cresol,
lodomethane, potassium carbonate, 1.2-dihydroxybenzene,
resorcinol. hydroxyquinone, phthalic anhydride. and 4-
methyi-phthalic anhydride), uniess otherwise stated. Liquid
gradient grade HPLC solvents were purchased from Merck.
Column chromatography was carried ow using silica gel
(silica gel 60, 230-400 mesh, Merck. Germany). The frac-
tions collected were monitored using analvtical TLC plates
(Merck. Germany), pre-coated with silica gel 60 Faoy of 025
mm thickness and visualized under UV light at 245 nm and
356 am. PTLC was carvied out using pre-coated plate with
PSC-Fertigplatten Kieselgel 60 Faq, (1.0 mm thickness, 20 -
20 em) purchased from Merck. Plasmodium falc iparum
(3D7) was used for in virro antiplasmodial tests. All chemi-
cals used for the determination of antiplasmodial activity
were purchased  from Sigma-Aldrich. unless  otherwise
stated.

1.3. Synthesis of Anthraguinones

A senes of anthraquinone dervatives was prepared as
described by Singh and Geetanjali [25] with shght modifica-
ton. Ina dry two-necked round bottom flask was placed 45¢
aluminum chlonde (308 mmol) and 9 ¢ of sodium chlonde
(155 mmol). The mixtare was heated on an oil bath until
melted (external wemperature, 150-170°C). Phthalic anhy -
dride (1 g. 6.75 mmaol) and hydroxy l-substinuted benzene (15
mmol) were stowly introduced wmio the mohen alummn ]
chloride and sodium chloride and heated with stirring for
45 min Upon the completion of the reaction. the deep red
melt was &:fullp' pourcd onto 500 ml ice water. About
15 ml of concentrated hydrochloric acid was added to the
muxture and n:s allowed to stand overight for product
precipitation. The precipitate was collected using vacuum
filtration and washed with saturated sodium bicarbonate so-
lution to remove acidic impurities. The sample was premixed
with acid-treated silica and subjected to apen column chro-
matography or medium pressure liquid chromatography cluted
with composition of u#-hex: CHLClLy or n-hex: EtOAC 10 give
vellow 1o red coloured products. The o-alkylation reaction
was accomplished using method as described carlier [26] In
a dry round bottom flask was placed hydroxyanthraquinonc
(1 mmol). methyl iodide (2 nffflll) and potassium carbonate
(I mmol) in 30 ml acetone. The mixture was refluxed for
8-120 h. The completion of the reaction was monitored using
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analytical TLC. Upon the completion of the reaction, the
mixture was dried. The crude product was redissolved in
dichloromethane and extracted distilled water to remove
potassiumi carbonate residues. The organic laver was dried
over sodium sulfate anhydrous and premixed with silica
prior to purification using open column chromatography or
medium pressure liquid chromatography and or preparative
thin layer chromatography. Combination of n-hex: EtoAc
and n-hex: CH.Cl; were used as eluting solvents.
32

231 I-Hydroxy-2-methyl-9, 10-anthraguinone Ha

The product (300 mg. 37 %) was purified as yellowssh
orange solid. Mp 16%-176°C: IR v, (Lig. CHCLy em
3437, 3085, 2987, 1635; MS mz: 238 [M']. 221: '"H NMR
(CDCl:. 300MHz): 1290 (1H. 5. 1-OH). 8 8§ 1. m, 1-5.
H-8). 7.80 (2H. m. H-6, H-7). 7.74 (1H. d. J=7.5 Hz. H-4),
TS, o, =75 Hz. H-3), 247 (3H. 5. 2-CHh), C NMR
(CDC. 75.5 MHz): 190.0 (C=0. C-9), 182.4 (C=0, C-10).
1611 (C-OH, C-1), 137.2,135.0. 1345, 134.0, 133 %, 1333,
131.3,127.3.126.9, 119.2. 115.2. 16.2 (CH)

2.3.2. 3-Hydroxy-2-methyi-9, i B-anthraguinone (2}

The compound (110 mg, 1.2 ) was purified as vellow
crvstals, Mp 138-1 % IR v, (Lig. CH.CL) em™: 3412,
3004, 2924, 1716: MS m=: 238 [M], 210, 181: 'H NMR
(Acetone-dg. 300 MHz): 8.23 (2H, m, H-5. H-8), 8.05 (111, 5.
H-1), 789 (2ML, mr. H-6. H-7). 7.67 (111, 5, F-4). 2.39 (311, 5.
2-CH.). “'C NMR (Acetone-d,. 75 5 MHz): 182 6 (C=0. C-
1. FBLS (C=0, €9, 1610 (C-OH, C-3). 134.1. 1338,
13371336, 1322, 130.1.126.6, 126.5, 1114, 15.6 (2-CH4)

2.3.3. 1-Hydroxy-3-methyl-9, 10-anthraguinone (3)

Thefompound (400 mg. 49.7 %) was purified as yel-
lowish orange solid. Mp 177- al‘('; IR v, (Lig. CH.CL)
cm : 3435, 3054, 2987, 1637, MS mz: 238 [M']. 210 181;
HNMR (CDCH. 300 Mifz): 1261 lg s. 1-OH). 8.30 (2H,
m, H-5.11-8), 7.81 (2H. mr, H-6, 1-7), 7,64 (11, 5. H-3). 7.1 1
(1H, 5 H-2 3 243 (3H. 4. 3-CH,) ''C NMR (CDCL, 75.5
MHz): 188.1 (C=0, C-9). 1827 (C=0. C-10). 162.8 (C-OH.
C-Th 14871344, 1341, 1336, 1333, 1331, 1274 1268,
12411208, 114.1, 22.3 (CH.).

234 I-Hydvoxy-d-methyi-9, F0-anthraguinone (4,

The product (900 mg: 56 “4) was purified as yellowish
orange ﬂl Mp [38-142°C; IR v, (Lig. CFLCl) em™:
39453 3054, 2987, 1635; MS m/z. 238 [M']. 221, 200,
IR1 'H NMR (CDCL,, 300 MHz): 1320 (1H, 5. ), 8.28
(2H. ar, H-5. H-8). 7.80 (2H. m. H-6, H-7). 7.50 (1H, 5. H-3),
7.22 (IH. 5, H-2), 275 (3H, 5, 4-CH:): “'C NMR (CDCl..
735 MHz): 189.1 (C=0. C-9), 184.3 (C=0. C-10). 162.0(C-
OH. C-1). 1416, 134.6. 1346, 1336, 134.4. 1325, 1300,
12731264, 124.2, 1165, 23.2 (CTiy)

2.3.5. I-Methaxy-2-methy 1-9.10-anthraguinone (5)

Compound 5 (40 mg, 756 "u) was purified as yellowish
brown selid. Mp 128-132°C: 1R v, tLig, CH; z em
2987, 1635: MS m/=: 252 [M). 237. 223. 206; 'H NMR
(CDCl.. 300 MHz): 8.26 Gl. m. H-5 H-8). 777 (3H. m. H-
3L H-6,H-T), 805 (1H. d. J=7.5 Hz. H-4). 7.61 (1H. d. J=7.5
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Hz, H-3). 395 3H. 5. 1-OCH,), 244 3. 5. 2-CH.): ''C
NMR (CDCli. 755 MHz): 1837 (C=0, C-9), 182.2 (C=0.
C-10), 1605 (C-OCHy, C-11 1465 1354, 1351, 1342,
1331, 1325, 1272, 126.5. 1205, 1192, MRS, 565
(OCH,), 223 (CHa).

2.3.6. 1-Methoxy-3-meth yi-9.1 0-anthraguinone (6)

Compound 6 (56 mg. 26.6 ") was obtained as yellowish
brown solid. Mp 126-130°C; IR v, (Lig. CH.ClL) em’
L2987, 1638 MS mrz: 252 [M]. 235, 223, 206 'H NMR
(CDCL, 300 MHz): 25 (2H, m, H-5. 1-%), 7.75 (31w M-
3 H-6.H-Th 742 (1H. o, J-8.7 HER-4). 717 (1H. d. /=8 4
Hz, H-2). 404 (3H. 5, 1-OCH,). 250 (3H. 5. 3-CH,); C
NMR (CDCl,. 755 MHz): 183.7 (C=0, C-9). 1822 (C=0).
C-101 1605 (C-OCH.. C-1). 146.5. 1354, 135.1. 1342,
1331, 1325 1272, 126.5. 1205, 1192, 1185, 565
(OCH:). 223 (CH,).

2.3.7 I-Mcthoxy-4-meth yl-9,10-anthraguinone (7)

Compound 7 (180 mg, 87.2 %) was purified as golden
vellow crystals. Mpné—lJO;C; IR vua (Lig, CHClL) em
3054, 2987, 1634, MS miz 252 (M}, 235, 223.'H NMR
(CDCL. 300 MHz): X.12 (2@, H-5. H-8). 76X (2H, m. H-
6, H-7). 742 (1H. d. J=8.7 Hz, H-4). 7.11 (1H. d. J=8.7 Hz.
H-1). 3.99 (3H. 5. 1-OCH;). 2.67 (311 5. 4-CH,):"'C NMR
(CDCE. 755 MHz): 1856 (C=0. C-9), 18333 (C=0. C-10),
IS8 (C-OCH.. C-1), 1464, 1390, 1344, (336, 1315,
13351328, 1331, 1264, 1263, 117.6. 568 (OCH:). 231
{CHs).

2.3.8. I-Hydroxy-2.6-dimethyl-9,1 0-anthraguinone (8)

Compound 8 (194 mg. 25 "o) was purified as a yellowish
orange solid. Mp 161-1657C_IR v, (Lig. CH.Cl-) cm™: MS
mz: 252 [M'), 237, 223, fB:'H NMR (CDCL.. 300MHz)
12.80 (1B) 5. 1-OH). 790 (1H, o, J=8.1 Hz. H-8). 7.38 (1},
. J=8.1 Hz, B-7). 7.79 (i1 5. H-5). 7 458091, 4. /=78 Hz
H-4). 7.30 (1H, d. J=78 Hz. 1-3), 238 (3H, 5. CH.). 2.20
(GH, 5, CHs): "'C NMR (€DC1. 755 MMz 1883 (C=0. (-
91, 1816 (C=0. C-10). 160.6 (C-OH. C-1). 144.9. 136 7.
1351, 134.5 1328, 1311, 130.6. 127.3.127.2. 1149, 1IX.8,
21.9¢CH:). 16.0 (CH;).

2.3.9. 2-Hydroxy-3,6-dimiethyl-9,1 0-anthra guinone (9)

The compound was punfied as light yellow sohd (400
mg. 488 %) IR v, (Liq. CH.CL) em ' 3413, 3004, 2787,
1719; MS na 252 [M]. 237. 223: 'H NMR (CDCl,. 300
MHz): 3. 10E8H, d. J=7.8 Hz, H-8), 7.67 (1M, 4, J=7.8 Hz.
H-7), 8.02 (TH. 5. H-5), 7.64 (1H. 5, H-1). 7.28 (1H, 5. H-
4).254 (3H. s.CH:) 2238 (3H. 5,CHsp: "'C NMR (CDCl..
75.5 MHz): 1823 (C=0, C-9), 181.7(C=0, C-10), 161.0 (C-
OH. C-2). 1452, 1446, 1333, 1338, 131.9. 1314, 1300,
12690126 8 126.1. 111.3.20.9(CTia). 15.6 (CHy.

2.3.10. I-Hydroxy-3.6-dimethyl-9,1 O-anthraguinone (10)

Compound 10 was punified as yellowish orange solid
(199.6 mg. 25.7 %). Mp B6-279°C; IR v,,., (Lig, CH,Ch)
em': 3436, 2087, 1635: MS mz: 252 [M7]. 237, 288 'H
NMR (CDClLy. 300 MHz): 1260 (1H. «. 1-OH). 8.04 (231, .
J= 7.8 Hz. H-8). 749 (1H. d. J= 7.8 He. 11-7). 700 (1H. s,

O saman ot i

H-21. 793 (1H. 5. H-5), 7.49 (1H, 5, H-4). 2.56 191.:.(%}.
247 (3H. 5, CHy): C NMR (CDCh. 75.5 MHz): 18%.1
(C-0. C-9), 1878 (C=0, C-10), 162.6 (C-OH, C-1}. 1482,
1456, 1151, 1348, 133, 1308, 127.5. 1269, 123.9. 120.6.
113.9.22.2 (CH.). 219 (CHL).

2.3.11. 1-Hydroxy-4, 6-dimethyl-9.1 G-anthraguinone (11)

The crude product was punfied to give vellowish orange
solid (590 mg, 379 “o). Mp 188176°C. IR v, (Lig,
CH.CLy) em ' 3445, 2987, 1637: MS mz: 252 [M']. 237.
B 'H NMR (CDCEL. 300 MH2): 1319 (1H. 5, 1-OH). 8 15
(1H. d. /= 8.1 -8), 8.04 (1H. d, J= 8.1 Hz. H-7). 8.05
(IH. 5. H-5),7 L d. J=8.7 Hz H:3), 79 (M, d. 2= 8.7
Hz. 1-2), 273 (3H, 5, CHs). 2.54 (3H, 5. CH;): 'C NMR
(CDCL. 75.5 MHz): 1893 (C=0. C-9). 1829 (C=0. C-10).
161.9 (C-OH, C-1). 144.6, 1432, 1415, 135.5. 1344, 132.4,
1300, 127.6. 126.6, 124.1, 116.6. 22.2 (CH;). 21.9 (CHy)

2.3.12. 1-Methoxy-2,6-dimethyi-9,10-anth raquinone (12)

Compound 12 (37.5 mg. 36.3 "s) was obtained as a light
yellow solid@Mp 128-132°C; IR vy (Lig. CH:Clyy em':
2987, 1635 MS @ 266 [M ] 251, 237, "H NMR (CDC1,,
300 MHz): 8.06 ([H. d, J= &.1 Hz. H-8), 8.02 (1H. 5, H-5),
793 (1H. d. J= 9 Hz, H-7). 7211 H. d. /-8.7 Hz. H-3{E# 46
(1L &, J=8.7 Hz, H-4). 393 (3H. s, 1-OCH ). 2.51 (31, .
CH:) 242 GHL 5. CHsk: ''C NMR (CDClL. 755 MHz):
183.3 (C=0, C-9), 1829 (C=0, C-10), 159.0 (C-OCTI;, C-
1) 1452, 141.0. 136.4, 134.7. 1338, 1325, 130.5. 1274,
126.8. 125.6. 123.4. 22.0 (CH;). 16.7 (CH:).

2.3.13. [-Methoxy-3,6-dimethyi-9,10-anthraguinone (13)

B Compound 13 (210 mg. 75.9 %) was obtained as a light
yellow solid. Mp 212-215°C; IR v, (L. CH,CL) em™:
30535, 2987, 1638, MS ”3 254 [M). 226, 197: '"H NMR
(CDCHL, 300 MHz): 795 BB, d. J= 8.1 Hz. H-8). 7.40 (1H,
d./=81 Ha H-7). 7.33 (1M, 5. H-2). 7.79 (1H. 5. H-3). 7.10
(FHL 5. H-4), 2,59 (310, 5. CH5). 2.39 (3. 5. CHL): F'C NMR
(CDCY, 75.5 MHz): 185.3 ¢C=0. C-9). 183.1 {£=0, C-10).
1587 (C-OCHs. C-1). 1389, 1175, 1264, 1439, 134.3.
126.5. 122.6. 132.1, 132.8, 1334, 1314, 134.0, 23.2 (CH,},
21.7 (CHy).

2304, 1.2-Dibydroxy-9.1 G-anthraguinone (1 )

anpoun 14 was purified as red crystals (319 mg, 19.7
o). Mp 20888 0°C: IR v, (KBr) em™: 3413, 3004, 2924,
27821716 MS mz: 252 [M7], 240, 212 "H NMR (CDCl..
300 MHz): 1280 (1H. 5, 1-OH), 230 (1H, 5 br, 2-OH), 832
(1. m. 11-5). 826 (1H. m. H-8), 795 (211, m. H-6, H-7).
T79(1H. d. J= 8.4 Hz. H-4). 732 (1H, d../= 8.4 Hz. H1-3).

2.3.15. 1,3-Dihydroxy-9.1 0-anthraguinone (1 5)

The compound was purified as bright yellow solid (705
ma. 43.5 "), Mp 262-263°C. IR v, (Lig. CH.CL) em™:
ﬁh. 3055. 2987, 1634; MS ez 240 [M']. 234, 2{ 3. i84;
HNMR (€DCly, 300 MHz): 12.90 (1L s, 1-OH). 8 29 (111,
m, H-R), 824 (1H, m, H-5). 793 (2H, m, H-6, H-T). 6.69
(IH. s 1-2). 728 (1H. s, H-4): "'C NMR (CDCl, 755
MHz) 1844 (C=0). 1812 (C=01. 165.7 (C-OH, C-1). 164.7
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(C-OH. C-3), 1347, 1336, 1335, 1332, 132.1, 1272,
126 8. 1104, 108.2, 1078,

2.3.06. 1&-Diftydraxy-Y, H-anthraguinane {16}

The reaction mixture purified to give red crystals (550
my, 40 %6 Mp | 198°C, IR wyuy (Lig. CH:CL) em”
3436, 3054, 1630: MS mz: 240 [M], 2120 183: ' NMR
(CDCL. 300 Miz): 1290 (11, 5, 1-OH, 4-0H), % 36 ( (§Hn.
H-5. H-8), 7.85 (1H, m, H-6. H-7). 7.32 (1H. 5. H-2. H-3)
“C NMR (CDCL. 735 MHz): 1869 (C=0. C-9. C-10).
1578 (C-OH, C-1. C-4), 13453 (H-6, H-T), 1334 (C-11, C-
120,129 4(C-2, C-3). 127.1(C-5. C-8). 112.8¢(C-13. C-14)

2,317 I-Hydroxy-2-methoxy-9.10-anthraguinone (17)

The compound was purified © give vellowish orange

CH.CLy cm 7, 3055, 2987, 1634: MS m/=: 254 [M L

236,255,211 'H NMR (CDCl,. 300 MHz) 1310 (1H, « 53

O, 8.33 (21 m. H-5, 1-8), 7.82 (2H. m, H-6, H-7). 790
(ML, d J= 84 Hz. H-4), 7.20 (1H. &, 1= 8.4 Hz. H-1). 4058
(3H, 5. 2-0CH:: "'C NMR (CDCl. 755 MHz): 189.2
{C=0. C9). 181.5 (C=0, C-10). 154.0 (C-OH, C-1). 152 8.
1348, 134.1. 133.8. 1334, 1274, 1269, 1253, 121.1. [16.1.
115K, 56,4 (OCH.)

2.3.18. I-Hydroxy-3-metho xy-9.1l-anthraquinone (18)

Compound 18 was ebtained as bright yellow solid (4 mg.
2 %), Mp l??-l?d'; IR vy (Lig. CHXCLy) em’: 3436,
JOS3, 2987, 1634 MS mriz: 254 [M ], 255:"H NMR(CDCl..
300 MHzy 1209 (1H, s, [-(ab. 830 (2H. m, H-5. H-%).
T8V 2H, m, H-6, H-TY 6.72 (THL 5, H-2). 739 (TH, 5, H-4).
395 (3H, & -OCH:): "'C NMR (CDCL,. 75 3 MHz)y 1830
(C=0. C-100. 1663 (C-OH. C-1). 1654, 134.3, 1341, 1335,
127.7. 1274, 1268, 1108, 107 8, 106.6. 56,1 (OCH.).

2.3.19. i-FHydroxy-4-methoxy-9.i-anthraquinone (19)

g5 8 compound was obtained as red sohid (100 mg, 535
Ya). Mp 166-168°C; IR v, (L. CH.Cly) em™; 3438, 5.
2087, 1634: MS mz: 254 [M7). 237, 225, 211: 'H NMR
(CDCH. 300 MHzy: 13.0 (IH, 5. 1-OH) 829 (2H, m. H-5,
H-8), 7.80 (2H, m. H-6, H-7). 743 (1H. d. /=93 Hz, H-4),
T3 L A =93 Hz, H-3), 4 04 GHL 5. 4-0CH): 'CNMR
(CDCL;, 75.5 MHz): 183.1 (C=0, C-9), 182.7 (C=0. C-10),
1628 (C-OH, C-1), 1487, 1344, 1341, 1336, 1333 133 1.
1274, 1268, 124.1. 120.8, 1 14.1, 22.3 (CH;)

2,320, 1.2-Dimethoxy-910-a ntheaguinone (20)

The compound was obtained as light yellow sobid (1184
mg. 52.9 %) Mp 206-210°C IR vy (Lig. CHCL) em™:
3055, 2987, 1637: MS mz: 268 [M]. 253, 239, 225801
NMR (CDCl:. 300MHz) .26 (211 a. 1-5. H-8). 7.77 (2H.
o HAREN-7), 7.73 (2H. 1d, /=75 Hz. J,=1.5 Hz, H-6. H-7),
BAR (1. d J,= 8.7 Hz, H-4). 7.29 (1H. &, J,~ 8.7 Hz, H-1).
4.02 (61, 5. 1.2-0CH.): 7'C NMR (CDCL,. 755 Miiz
182 % (C=0, C-9). 1824 (C=0. C-10), 159.1 (C-OCH,, -

127.2, 1270. 126.7.

(2-OCH-).

1253, 1161, 613 (1-OCH;). 563
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2.3.21. 1,3-Dimethoxy-9,10-anthraguinone (21)

Compound 21 was recovered as bright yellow solid
(3108 me, 14 %), Mp 150-154°C IR v (Lig. CH2Clz)em
3085, 2987, 1634. MS i 268 [M']. 251, 239; 'H NMR
(CDCL, 300MHz): 8.27 (1H, k. J,-7.5 Hz, J,= 1.2 He.
Jp=0.3 Hiz. 1-8), 8.20 @H. ddd J,=1.5 Hz, Jo=1.5 Hz. J,=0.5

H-5).7.73 (21, #d. J;=7.5 Hz. J,=1.5 Hz, H-6. 1-7), 6,78
(IH, s, H-2), 744 (1H, 5, H-4), 402 H, s, 1-OCHy),
3983H, 5. 3-0CH.): "C NMR (CDCL. 75.5 MHz): 1835
(C=0, C-9). 181.3 (C=0, C-10), 164.7 (C-OCH.. C-1).
162.6 (C-OCH:, C-3), 137.5, 1351, 1343, 1329, 1323,
1272, 126.5, 116.0. 104.7, 1033, 56.0 (3-OCH,), 56.5 (1-
OCH:).

2.3.22. 1 4-Dimethoxy-9.10-anthraguinone (22}

The compound was punfied as yellow crystal (62 mg.
3L5 %) Mp 171-174°C; IR v (Lig, CHCLY em: 3054,
2987. 1634MS m~: 254 [M'). 237, 225 211. 'H NMR
(CDCLy., 300MHz): 8.16 (1H. m. H-5, H-8y. 7.71 (2H. m. H-
6, H-7), 7.35 (1H. s, H-2, H-3), .04 (611, 5. 1.4-0CHy): C
NMR (CDCl,. 755 Mllz)y: 1835 (C=0. C-9. C-10).
134 1{C-OCH;, C-1, C-4). 1342, 1333, 1204, 1230, 1202,
57.011.4-0CH,).

2.3.23, l.Z—Dih,ldm.r)»b-mﬂhyl—ﬂl-amhmqm’mmr i23)

Compound 23 was purified as a red solid (270 mg, 20
"a). Mp 2[!3&"(‘; IR vy (KBr) em': 3413, 3004, 2924,
2782, 1737: MS m/z: 254 [M ], 239, 226: 'H NMR (CDCls.

Milz): 1290 (1H. 5. 1-OH). 920 (1H. sbr, 2-OH), 8.15
(T, o J=8.1 Haz. [@5). 04 (IH, &, F8.1 Hz 1-7), 805
(P s, H-5), 746 (TH. &L =87 Hz. H-3). 719 (1 H. d. /=87
Hz. H-2). 257 (3H. s. 6-CHsp C NMR (CDCls, 75.5
Milzi 189 26 (C=0_ C-9), IR08 (C=0_ C-10) 1465 1348
1345, 1309, 1309, 127.2. 126.8, 121.0.21.0 (6-CHy)

2.3.24. 1LA-Dihvdroxy-6-metiyi-9.1 l-anthraquinone (24)

The compound was purified as a bright vellow solid (572
mg, 365 %) Mp 270-274°C: IR v,,, (KBr) ecm™: 3436,
3056, 2987, 1633 MS m:-: 254 [M']. 226, S H NMR
(CIXCT, 30GMEZ) 12906 (kL s, 1-0H), 216 (88, d. J578
Hz. H-8), 7.73 (IH. 4. 5=7.2 Hz. H-7). 6.67 (1H, s, H:2).
801 (1H, 5, H-5), 7.25 (1H, 5. H-4), 2.55 (M. 5, 6-CHl). °C
NMR (CDCly, 755 MHz)y 186.6 (C=0, C-9). 182.0 (C=0.
C-10), 165.0 (C-OH. C-1), 1655 (C-OH, C-3), 1078, 108.1.
110.0. 1356, 131.1. 133.4, 126.7. 135.0. 145.6, 127.2. 209
{CH+)

2.1.25. 14-Dihydroxy-6-methyl-9.1 0-anthraquinone (25)

The compound was recovered as red crystal (736.2 mg,
46.9 =4). Mp 172-176°C: IR vy (Lig, CH:Cl:) om: 3444,
3055, 2987, 1634: MS sz 254 [M]. 23988 97: '"H NMR
(CDCl, 300MHz): 12.90 (1H. 5, 1.4-OH), 8,18 (I1H, d. J=
8.1 Hz. H-8). 7.60 (1, d, J= 8.1 Hz. H-T). 8. 0% (1H. 5. H-5),
T27(2H, 5. H-2. H-3), 255 (3H, 5, 6-CH:i: 'C NMR
(CDCL, 75.5 MHz): IRT.1(C=0, C-9). 186 & (C=0. C-10).
137.7¢C-0OH, C-1), 157.6(C-O, C-4). 1459, 1333, 1214
1128, 112K, 1292, 12911272, 135.3, 1272, 2.0 (CH3).
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2.3.26. 1-Hydroxy-2-methoxy-6-methyl-9,1 G-anthraguinone
(26)

Compound 26 was obtained as o vellow needle crystals
trom Reanellia elliptica as descnibed  previously  [24].
Mps 220-221°C; UVhu. EtOH am: 421, 278, 262, 231:
UVama EYOH -OH nm: 505, 314, 258 [R v, KBr) cm
3467, 1653, 1637 MS mt: 268 [M '], 239, 197, 169, 139,
§F: 1 NMR (DL, 300 MHz) 1320 (10, 5, 1-0H), 823
(TH. d. J=8 | HAGR-8). 8.12 (1H. 5. H-5), 7.89 [ o. /-8 4
Hz. 1-4), 7.61 (I, d. J=8.1 Hz. H-7). 719 (1H. d. J=8 4
Hz. H-3), 404 (3H. 5. 2-OCHs), 256 (3H. 5. 6-CHy): ''C
NMR (CDClL. 75.5 MHz): 189.1(C=0. C-9), I81.8 (=0,
C-10), 154.0 (C-OH. C-1), 152.7 (C-OCHs. C-2). 146.2 (C-
6). 1346 (C-7). 134.0 (C-11), 1311 (C-12). 1278 (C-5).
127 1 (C-8). 1255 (C-14), 1200 (C-4). 1161 (C-13), 1156
(C-3). 56,4 (2-0CH: ). 22.0(6-CH.)

2.4.27 {-Hydraxy-3-methoxy-6-methyl-9,1 (-anthraguinone
(27)

Compound 27 was purified as a light yellow solid (33
mg. 32 %) Mp 162-166§88 IR v... (Lig. CH.CL) ¢m
3436, 3035, 2987, 1633, MS miz: 268 [M ]. 253, 2 i
NMR (CDCL. 300MHz): 1290 (1H. 5. 1-OH). 8.13 (P8 o
J=87 Hz. U-8), 754 (1M, d, J= 8 7 Hz. H-7). 803 (1H. s.
H-5). 6.67 (1H. 5. H-2). 7.32 (1H, 5, H-3). 3.93 (3H. s. }-
OCH:). 252 3H. 5. 6-CHh) "C NMR (CDCly, 75.5 Miz)
186.7 (C=0, C-9), 182.0 (C=0. C-10). 166.2 (C-OH. C-11.
165.3 (C-OCH,, C-3). 1453, 1350, 1333, 1311, 1277,
127.0, 107, 107.5, 106.6. 56.0 (3-OCH.), 22.0 (CH;).

2.3.28. I-Hydroxy-4-methoxy-6-methyl-9, 1 0-anthraquinone
28)

Compound 28 was purificd as a red crystal (59.7 mg.
26.9 %) Mp 146-18°C; IR v,... (Lig. CH.CL) em'' 3430,
3055, 2987 1605: MS mz 268 [M]. [8§. 197: '"H NMR
(CDCL,. 300 MHE): 13.0 (1H. 5. 1-OH). 8.04 (1M, d, J= 8 1.
H.B). 7.48 (IH. d, /= 75 Hz H-7). 794 (IH. 5. H-5). 7.23
@SR o, J=93 Hz. H-2). 733 (1M, &, J-93 Hz H-2). 392
(3H, 5. 4-0CH:). 246 (3H, 5, 6-CH;). "'C NMR (CDCl..
75.5 MHz): 188.5 (C=0. C-9), I81.8(C=0, C-10), 1589 (C-
OH, C-1), 157.1 (C-OCH;, C-4). 1445, 135.6, 1320, 1299,
115.7

2.3.29. 1.2-Dimethoxy-6-methyl-9, 10-anthraquinone (29)

The compound was purified as hight yellow solid (480
mg. 865 ") Mp 193-196°C; IR v,.. (IBE8CH:Cl:) cm’
2987, 1631: MS moz: 282 [M']. 253, 237:'H NMR (CDCl,.
300MHz): 8.17 (2H. dd. §88.7 Hz, 7.8 Hg, J1-4. H-%). 806
(HL 5 H-5), 758 (11, of, 57,8 Hz. H-7). 8888 (110, d, J=%.7
Hz. H-3), 4.02 (61, 5, 1. 2-OCH;), 253 (3H, 5, 6-CHy). 'C
NMR (CDCL. 75.5 MHz): 182.7 (C=0, C-9), 182.7 (C=0.
C-10), 1591 (C-1), 1496 (C-2), 144.6 (C-6). 1348 (C-T),
1329 (C-11). 1329 (C-12), 1275 (C-14). 127.4 (C-13),
127.1 (C-8). 1269 (C-5), 1252 (C-4). 1159 (C-3), 61.3 (1-
OCH;), 56.3 (2.0CH,). 21 8 (6-CH,).

2.3.30. I.3-Dimethoxy-b-metiyl-9, ] fleantitraguinone (30)

The compound was recovered as a bright vellow crystals
(78 mg. 47 %) Mp 176-180°C IR v, (Lig. CHSCL) em™

Osman et ol

3055, 2987, 1637: MS m=: 280 [M']. 267. 253, 236. 'H
NMR (CDCly, 300 Miiz): 8.12 (FH. &, J88.1 Hz. H-8). 751
(. o, = 7.8 Hz, H-7). 8.06 (11l 5. H-5). 6.79 (1H, 4.
Ju=18 Hz, H-2), 747 (1M, d. J,,=1 8 Hz. H-4). 4 BEN3H, .
1-OCH:), 399 (3H, 5, 3-OCH;). 2.53 (3. 5. 6-CHsy, ¢
NMR (CDCl:, 755 MHz) 1833 (C=0. C-9). 182.0(C=0.
C-100. 164.7 (C-OCH;, C-1). 162.5 (C-OCHs. C-3). 145.5.
137.7. 1351, 133 7. 1302, 1275, 126.7. 116.2. 104.6. 103.3,
36.5 (3-OCH;). 36.0 (3-OCH ;). 22.1(CH,).

2.3.31. 1 4-Bimethoxy-b-methyl-9, 10-gnthraguinone (31)

Compound 31 was purified as a bright vellow crystal
(117.8 mg, 53.1 %), Mp I88-190°C IR v, (Lig. CH:Ch)
cm': 3055, 2988, 1634; MS mz: 28[M ], 267, 253, 235:
"HENMR (CDCL, 300 MHz): 7.9% H. d. 8.1 Hz. H-8).
743 (IH. d. J=78 Hz. H-7), 787 (1ML 5, H-5),7.27 @8 =
H-2). 7.27 (1H, 5, H-3), 3.92 (6H, 5, 1 4-OCH,). 242 (3H, 5,
6-CH: C NMR (CDCL, 755 MHz): 1836 (C=0, C-9).
183 2(C=0. C-100. 154.0(C-OCH;, C-1, C-4), 1442, 134 1,
132.0. 1265, 123.0. 1200, 57.0 (1 4-OCH;). 21.8 (CH).

2.4. Determination of Compound Purity

The compound purity was determined using a Waters
HPLC 600 coupled with a 2006 PDA detector system (Wa-
ters. USA) equipped with an autosampler (100ul). Analysis
was carried out at room temperature using a Sunfire C-154.6
mm x 250 mm x 3 uM column (Waters, USA). A linear gra-
dient program was performed with MeCN and 1,0 where
the ratio of MeCN was raised from 40% (0 100% in 30 min
ata flow rate I ml mmn". Formie acid was added to both sol-
vents at (L1%. The samples were dissolved in 100 gl
CH.CL and 900 uL MeCN: H-0 (9:1. v/v) at | mg/ml. The
peaks were monttored m the spectral window of 254-400
nm. The compound purity was expressed as percent area
under the peak [27].

2.5. Deter mination of Antipiasmodial A ctivity

The antiplasmodial acn‘v was determined by previously
deseribed methods (28], The samples were dissolved in
DMSO and kept at -20°C until used. The malarial parasite P,
falciparum (3DT) clone was ntpagatud in a 2d-well culture
plate in the presence of 10, 1, 0.1, 001, and 0.00] pgmL
concentrations of each compound. Chffroquine diphosphate
was used as the positive control. The growth of the parasite
was monifored by making a blood smear fixed with MeOH
and stained with Geimsa (Merck. Germany). The anti-
plasmodial activity of gach compound was expressed as an
1C:, value, defined as the concentration of the compound
causing 50% inhibition of parasite growth relative to an
untreated control.

Z.0. ji-Hematin Tnhibitio v

Hemin chloride (163 mg) was dissolved in DMSO (1
mL). The solution was passed through a 2.0-pym-pore mem-
brane filter to remove insoluble particles. The solution could
be kept at 4°C up to onc month as a stock solution [29] and
diluted to 50 gM heme with 500 mM acetate buffer. pli 4 8.
prior to analysis.
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Chloroquine (500 uM) was used as the positive control drug.
Compounds for the kst were dissolved m 100% DMSO o
prepare a stock concentration of 10 mg'mL and | mg'mlL
Heme sotution (110 gl. 50 g M), freshly buffered by 500 uM
acetate buffer (pH 4.8), was pipetted and added inte the mi-
crowell plate. Finally. lecithin (2 ug mL) was added to cach
well. After incubation at 37°C for 16 h, the plate was read at
405 nm. The fracuon (/i of heme converted 1o 3-hematin was
caleulated as a previous study {30}

1= (Acnirol AtV Aconmol ~ Amin)

Where Aiue is the absorbance of the heme without
parasite lysate or lipid extract or an antimalanal at 405 nm
while A, represents the absorbance of the heme n the
presence of both parasite lysate or lipid extract and plant
extracts. A, 1s the absorbance of the heme with parasite
lysate or lipid extract m the absence of an antimalanal at 408
nm.

Percentage of mhibiion of [-hematin by plant extracts
was calouiated by the followmyg equations
%% Inhibition = ¢1-f) x 100 = 100 x (A Asiin)

smpic

{ Aconroi-Agan)

1.7.HRP2 Assay

The antimalanal assay was camed out using HRP2
(HRP2 Kit Cellabs Pty. Lid., Brookvale. New South Wales,
Australia). Diluted extract solution {100 uL) and final para-
site culture (100 gLy were added into the microplate. The
plates were then incubated for 72 h at 37°C. They were sub-
sequently frozen-thawed twice to obtam complete hemolyvsis
and stored at -30°C until further processing. Each of the
hemolvized culture samples (100 uL) was transferred o the
ELISA plates. which were pre-coated with monoclonal anti-
bodies agamst P fedeiparion HRP2, The plates were incu-
bated at room temperature for | h m a humidified chamber
The plates were washed five times with the washing solution
{200 pL ;mcach well) and the diluted antibody conjugate
(100 pl) was added o each well After incubation for an
additional 1 h in a humidified chamber. the plates were
washed with washing solution (200 L) and@utcd (1:20)
chromogen tetramethylbenzidine (100 pl) was added 1o
each well. The plates were then incubated for another 15 min
in the dark and the stop solution (50 pL) was added. The
optical density values were measured using an ELISA mi-
croplate reader at an absorbance maximum of 450 nm. The
percent Inhibiion was calculated using the following for-
mula:

"o Inhibition = (A s A epic) (AL X 100

2.8. Toxicity Study

The cytotoxicity of the samples was assessed using MTT
assay [31]. Hepatocyte. Huh7it cells were treated with serial
dilution of the samples m 96-well plates. The condition of
the cells was observed after 46 h incubation and the toxicity
was observed under microscope. The medium was removed
frofifthe 96-well plates and then MTT solution (150 uL, 10
"o} was added to cach well and the plates were incubated for
4 hoat 37°C. MTT solution was removed from cach well and
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DMSO (100 uL) was added @5ach well prior to shaking for
30 seconds. The absorbance was measured using an ELISA
microplate reader at 560 and 750 nm. The CCy, values and
selectivity indices were caleulated.

2.9. Docking Method

The structures of the compounds were prepared using
Chem3D by CambridgeSoft. The geometry and energy of the
structures were optimized using the Steepest-Descent and
Polak-Ribiere algorthm in HyperChem. Genetic Algorithm
(GA)Y function i AutoDock 4.2 was employed to wdentify the
binding modes of the active anthraquinones (23 and 24)
responsibie for the activity. fleme structure was obmined
trom Chemical Entites of Biological Interest database
thitps:‘www .chiacuk'chebi). The docking results were
visualized using Biovia Discovery Studio visualizer version
16.1.0.15350.

3. RESULTS AND DISCUSSION
3.1 Chemistry

The selection of substituents was based on substtuents
that are commonly found in naturally-occurring anthragui-
noncs which are biogenetically substituted with hydroxyl at
C-1. In the previous study from this laboratory. anthraqui-
nones with methyl substitution at C-6 exent antiplasmodial
activity [24]. Thus, the present study amns to assess the con-
tnbution of methy ! substituent at C-6 (o antiplasmodial activ -
ity of hydroxyanthraquinones. Several compounds (2. 5. 14,
15, 16. 14. 15, 20. 26 and 29) were also reported from plants
[10. 24, 32).

The reaction time was himited to 45 mm. When the reac-
ot e was rased ufs to 90 mim there was fo sigaiicait
increase in percentage yield. Instead of adding ice-cooled
water and concentrated hydrochloric acid 1o the cooled reac-
tron mixture as reported by several authors [33. 34]. the hot
reaction mixture was slowly introduced to ice water (500
mL) followed by adding concentrated hydrochlornic acid (15
mL) Upon touching ice water. the heavy fume was pro-
duced. When concentrated hydrochlore acid was added. the
red 1o brown precipitate formed immediately. The advantage
of adding hot reaction mixture to ice water 1s to avoid the
tedious work of removing stubborn residue on the surface of
the round bottom flask. In addition. the product can be con-
veniently recovered by vacuum firation.

The ighest percentage yield of the anthraguinone (30-50
"u) was observed when phihalic anhydride was reacted with
1. 4-disubstituted benzene. The percentage vield significantly
dropped when i.3-disubstituted benzenes were used with 30-
40 *% yicld. followed by 1.2-disubstituted benzenes with fess
than 20 "4 yield. Cresols with different arrangements gave
moderate yiekd while dihydroxybenzene gave much lower
yield. except for hydroquinone, The varying reaction yield of
Friedel Crafts reaction between phthalic anhydride and cre-
sols and hydroqumones can be explained by the contradic-
tion of resonance and inductive effects of substituents with
ortho and parae directors. When the contradiction effect is the
lowest. higher percentage yield was obtained. In contrast. if
the contradiction ceffects vary, hypothetically several prod-
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ucts will be produced, thus giving lower percentage yield of
mam products. This is due to the availability of different
active sites which cause the production of various ntermedi-
ales.

The frec hydroxy! is more susceptible to methylation due
to stearic tactor. Methylation of free hydroxyl ok shorter
time of about 3-8 h while methylation of both hydroxyls took
longer time (12-120 h) due 1o both electrenic and steric of-
fects. The hydrogen-bonded hydroxyl at C-1 s more difficult
to be methyiated duc to internal hydrogen bonding which
creates new ning with carbonyl group at C-9.

3.2, Antiplasmodiai  Activity of 9.00-Anthragumone
Analogues

Compounds 2. m 13, 22, 23, 24, and 25 were strong
mhibitors against Plasntodium falciparum growth in vitro
(3D7 strain) with the 1Cs, values of less than 1 uM. The
active AQs have similar common structural characteristics
They have etther ortho- or mera-arranged substituents and
one free hydroxyl and or carbonyl groups. However. it 1s
difficult to establish a structure-activity relationship as
certain compounds are active despite the absence of the
structural features exhibited by other active AQs.

321 Anthraquinones  with
Substituents on Ring C

Methyl  and  Hydroxyl

For AQs with methyl and hydroxyl substituents on ring €
only (1-4), AQs 1 458 2 with estho-arranged substituents
showed the strongest activity, with the 1Cs, values of 7.1 uM
and 0.34 pM. respectively.

32,11, Effect of Additional Methyl G 6 o Ri

An additional methy!l substituent attached at C-6 on ring
A increases the potency of the hydroxyl and methyl
substituted AQs (8-11) as antiplasmodial agents. AQ with
ortho-arranged substituents at C-1, -2, and C-6 (8) showed
the strongest activity, with an 1€, value of 0.09 uM.

3.2.1.2. Effect on Methylation of Hydroxvl Group

Methylation of the hydroxyl @up at C-1 increases the
activity of erthe-arranged AQ (8) with an 1Csq value of 008
uM (Table 1) The activity of the ortho-substituted AQ with
a methyl group at C-6 of on ring A (12) decreased when the
hydroxyl substituent at C-1 was methylated. On the other
hand. the mera-substituted AQ (i3) showed stronger activity
when the hydrogen-bonded hydroxyl at C-1 was methvlated
with an IC<; value of an 0.09 pM.

3.2.2. Anthraquinoenes with two Hydroxy! Groups

For AQs with two hydroxyl substutuents on ring C' only.
AQs with mc-ma'mugud substituents showed the strongest
antiplasmodial activity with an [Cy value of 108 uM.
However. the mera-urranged dihvdroxy AQ were reported 1o
be ighly mutagenic [26].

itional Methyl Gro 1 (-6 on Ring 1

For both artho- and meta-arranged dihydroxyAQ (23 and
24). the acuvity was enhanced by methyl substitution at C-6

Osmpn ¢t gl
24
on ring A, with ICy values of 0.67 and 002 uM.
respectively.

2.2.2 ¥ A ion of F

When the free hydroxyl group (C-2 or C-3) was
methylated. the antiplasmodial activity of AQs  with
substitution on ring C only (17-19) generally decreased.
except for the para-substitutedAQ (19). Similarly. for AQs
substituted on both rings A and  (26-28). methylation of
free hydroxyl group decreases the antiplasmodial activity.

3.2.2.3. Methyation of both Hydroxyl Groups

For AQs with substituion on ring € only (20-22),
methylation of both free and chelated hydroxyl substituents
caused the actvity to decrease. except for para-substiuted
AQ (22). For AQs with substitution on both rings A and C
129-31). methylation of both hvdroxyl groups decreased the
activity except for the ordio-substitited AQ (295 R was
observed that the presence of one free hydroxyl espeaially
at C-3 and one free carbonyvl at C-10 contribute 1o the
antiplasmodial activity of the anthraguinones. Ignatuschenko
et al. also con@@llled that the presence of a free carbonyl and
hydroxylation at C-4 and C-5 were critical for xanthones to
exert antiplasmodial activity. The docking swdy later affirms
the contribution of hydroxy! substituents © form hydrogen
bonding with free heme. This observation affirms the
availability of a free hydroxyl group is entical for AQs to
exert their antiplasmodial activity.

1.2.3. Structural Features of Anthraguinones to Exevt their
Antiplasmodial Activity

The most potent  anthraquone dentified i this
study was 1.2-dihydroxy-6-methylAQ 24. Rubiadin (13-
dihydroxy-2-methy!AQ} from the root extract of R éliptica
did not show activity [24]. Both compounds possess simiar
substituents. but differ by the location of the methyl group.
The presence of methyl group at C-6 exert its antiplasmodial
activity. 1. 3-Dihydroxy-6-methylAQ 24 was more potent
than rufigailol [22]. and gave 1Cy; value three-fold gher
than chloroquine. The 1Cy, values for the antimalarial
activity of the synthetic anthraguinones are tabulated

Table L.

3.3, p-Hematin (Lipids and HRP2) Assays and Toxicity
Assavs

The texicity study was conducted using Huh7it cells in
an MTT assay to determine the safety of the compounds as
potential lead candidates. Compounds 1. 2. 5. 8. 15,19, 22,
23, and 24 were selected for toxicity study since these
A(Qs exhibited the strongest antiplasmodial activity. Al
compound showed the 50% cytotoxic concentration (CCsq)
values of more than 3000uM. except for compounds 1§,
22, and 24 Compounds 15 and 24 have two hydroxyl
substituents with 4 mem-ammangement and  showed nuld
wxicity. The compounds showed high selectivity indices
except for compounds 1 and 15 Compound 15 showed
moderate antiplasmodial activity, and compounds 24. with
additional methy! group at C-6 showed stronger acuvity with
higher selectivity as compared to compound 15 (Table 2).
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Table 1. Antiplasmodial activity of 9. 10-anthraguinone derivatives.

R, H. R, R, Re Antiplasmod il Activity (M)
1 OH (§]] P H] H 7.1
H H OH H H 034
.h OH H ‘H 3] H n
4 on H H CH H 4.7
s OCH CH H H H oK
6 OCH H "M 1} u na
7 ocn H H (H 1 1043
8 OH CH; H 1 CH (Lim
9 H Ol H H CH (L]
10 OH H (81} H CH mi
1 OH H H (&1 CH, 83
n acH cH H H CH h23
13 OCH H i H CH 0.0
14 OH H H H 242
15 g H Ol H H 1L
16 O H . H OH n 173
17 0 H H " 1 na
183 O H (L8] H H na
19 { H H OCH H 1.ox
10 OCH OCH H n H na
21 OCH H OCH H 1] ja2
22 OCH H H (CH H 01
13 OH O H H CH na7
4 l.ui H OH H CH na2
28 OH H H O il 021
26 OH (CH H H CH ua
27 OH H OCH H CH ne”
18 ol 1 H o i CH na
29 OUH OCH H H CH L.10
Ll ] OCH H OCH 1} CH na
31 OCH 7 H H OCH CH na
Chieroguine 63 nM

The promisng compounds were also assayed for B-
hematin mhibition assays. When screened using HRP2 assay
at 100 pgml, compounds 15, 23, and 24 showed good
activity with percent inhibition of 6398, 56 68 and 61.34 ",
respectively. Compounds 15 and 24 were further evaluated

for HRP2 acuvity and gave 1Cs, values of 1.96 uM and 0.67
uM, respectively. Compounds 2. 23 and 24 showed
moderate activity when tested against -hematin formation
assay using lipid catalysis. Other compounds did not show
significant inhibition aganst f-hematin formation
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Table 2. Toxicity of selected anthraguinones and Inhibition of B-hematin formation based on HRP2 and lipid catalvsis.
A oedial Loxicity Nelectiv ity HREFY "% nhibition L8 o alw
M e N w " .\nh':t:.T:up uM (CC) M — at 100 pgimt I::::u,\l
i O it H H] H ] 7.1 4304 59X "l aa
2 H H (RIS} H H i 42401 12356 i 12991+ 0.1
& (K H CH H H H s LA 49213 nl nf
L] o CH H H (H i iwil diult LN na
15 i H Ol 1] 3] 1 8 =1 44 61 9% na
19 oH H H (H H [.0% L R 04 at na
I W it il OCH H (LI} (] 1 T0%G ni e
n 04 o . .n H CH (0 Win ANTE S K £31:01
p2 ] (4]3] H it ] (H v ] 35,080 il 34 145 7:01
Nok. ps poachvin:m  nof el

24

Fig. {Z) Compounds I3 and 24 binding in paralici with heme,

3.4, Dodking Studies

Docking was performed using AutoDock 4.2 w0 obtain
more information on how anthraquinones 23 and 24 interact
with heme. The most active AQs (23 and 24) are believed 10
form a complex with free heme, preventing the formation of
hemozon. The results gained from docking studies (Fig. 2)
showed that they are able to bind to heme and form a very
stable complex having binding energies of -3.80 and -6.08
keal/mel. respectively. The best conformation obtamned for
compounds Z3 and 24 showed that the amhraquinone
moicties were parallel to the fermprotoporphynn ning with

their hydroxy! groups at orthe- (23) and megs- (24) positions
forming a hvdrogen bond at a distance of 3.49 A und 3.02 A,
respectively. Hydrophobic mnteractions were observed to be
the main contributor for the binding between anthraguinone
and heme. The results from the i viro studies were further
supported by the observation that the methyl substituent of
23 and 24 are contributmg significantly to the activity
Docking studies suggest that the methyl group enhances the
stability of heme-ligand complex through formation of alkyl-
alkyl lmkage with heme.

CONCLUSION

The active AQs have simular common  structural
characteristics. They have either ortho- or meta-arranged
substituents and one free hydroxyl and'or carbonyi groups.
However. 1t is difficult 10 establish a structure-activity
relationship a8 certain compounds are active despite the
absence of the structural features exhibited by other active
AQs Maolecular docking studies for compounds 23 and 24
showed that their hvdroxyl groups formed hydrogen bonds
with heme while the anthraquinone moiety of these
compounds was i paraiiel w the fermprotoporphyrin ring.
The activity of 9. 10-anthraquinones was significant with the
presence of the methvl group ot C-6 on ring A as supported
by docking studies which suggest that the methyl group
enhances the stability of heme-hgand complex through the
formation of alkyl-alkyl Imkage with heme. It 1s postlated
that the actvity of compound 15 and 24 could be i part duc
o their actions agamst P -hematn formation in the food
vacuole by inhibiting the functions of HRP2 protem during
dimerization of free heme. leading to the death of the
parasite. The potential compounds are non-toxic except for
compound 24 which showed mild toxicity. The finding of
the present study provides an insight into the mode of action
of anthragquinones as an antiplismodial agent.
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