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ABSTRACT

Artocarpin is an isoprenyl flavone from Artocarpus species (Moraceag).
Trees of the genus comprise about 50 species, and are native to tropical
and subtropical Asia. First isolated from the root of A. heterophyllus (jack-
fruit), artocarpin has been reported in other Artocarpus species such as A.
altilis, A. chempeden, A. kemando and A. maingayi. Recently, artocarpin
has also been isolated from A. incisus, A. chama, A. lowii, A. anisophyllus,
A. scortechinii, A. odoratissimus and A. hirsutus. It has a molecular formula

of C,;H,;0, and a 5,72",4"-tetrahydroxylated structure with three benzene

rings. Ring B has a 2',4'-resorcinol moiety and there is a methoxy group at
C-7 of ring A. At C-3 and C-6 of artocarpin are the isoprenyl substituents.
Some data on the content of artocarpin in extracts and fractions of different
solvents and species of Artocarpus have been presented. Other flavones
prenylated at C-3 and C-6 include artelasticin, artelastofuran, cudraflavone
C and norartocarpin. The inhibition of tyrosinase and melanogenesis are
two skin-whitening activities of artocarpin. It protects UVB-induced skin
damage. Besides its cosmeceutical activities of skin-whitening and photo

INTRODUCTION

In this short review, artocarpin has been selected as the compound with
interesting pharmacological properties that can be related to its chem-
istry. To date, there are no reviews on this compound which has been
isolated primarily from trees of Artocarpus of the family Moraceae. In
our literature search, there is confusion over the names of species used by
some authors. For example, Artocarpus communis and Artocarpus incisus
are synonymous to Artocarpus altilis, the preferred name for breadfruit.
Artocarpus integer is the preferred name for chempedak, and Artocarpus
champeden and Artocarpus integrifolius are synonyms.' Artocarpus het-
erophyllus is the preferred name for jackfruit and Artocarpus integrifolia
is synonymous. Leaves and fruits of A. altilis (breadfruit) and A. hetero-
phyllus (jackfruit) are shown in Figure 1.

Trees of the genus Artocarpus, comprise about 50 species, are native to
tropical and subtropical Asia.* Artocarpus species are small to large trees
with all plant parts producing white latex.’ Leaves are spirally arranged,
alternate or distichous, simple, entire to pinnate, coriaceous, and glabrous
to pubescent. Inflorescences are unisexual (monoecious) with numerous
flowers densely packed together. Fruits are syncarps formed by the
enlargement of the entire female flower head. Seeds are large without
endosperm although some varieties are seedless.

The diversity of secondary metabolites isolated from Artocarpus species
included classes of compounds such as chalcones, flavonones, flavones,
flavan-3-ols, xanthones, stilbenoids and terpenoids.? Among the different
flavones are prenylflavones which include artocarpin. Among the wide
range of pharmacological properties of Artocarpus species are biological
activities including antibacterial, antitubercular, antiviral, antifungal,
antiplatelet, antiarthritic, antityrosinase, antidiabetic, cytotoxic and anti-
inflammatory activities.’?
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protection, artocarpin possesses other pharmacological properties such
as cytotoxic, anti-inflammatory, antioxidant, antimicrobial, antiandrogen,
antitubercular, antiplasmodial, neuraminidase inhibitory, termiticidal and
wound healing activities. In the conclusion, some research studies of inter
est for the future have been proposed.

Key words: Artocarpus, Artocarpin, Isoprenyl flavone, Skin whitening,
Photo protective, Cytotoxic.
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CHEMISTRY

Artocarpin was first isolated from the root of A. heterophyllus.* Later, the
prenylated flavone was reported in other Artocarpus species such as
A. altilis, A. chempeden, A. kemando and A. maingayi.® Recently, artocarpin
has also been isolated from A. incisus, A. chama, A. lowii, A. anisophyllus,
A. scortechinii, A. odoratissimus and A. hirsutus.

Artocarpin [6-(3-methyl-1-butenyl)-5,234’-trihydroxy-3-isoprenyl-7-me-
thoxy flavone] has a molecular formula of C, H, O, and a 5,7,2}4™-tet-
rahydroxylated structure with three benzene rings (Figure 2). There
is a 2)4’-resorcinol moiety in ring B, and a methoxyl group at C-7.° At
C-3 and C-6 are isoprenyl substituents of —H,CH=C(CH,), and —
CH=CHCH(CH,),, respectively.

Figure 2 also shows other flavones prenylated at C-3 and C-6 isolated
from Artocarpus species. They include artelasticin,® artelastofuran,”
cudraflavone C*® and norartocarpin.’ The chemistry and biological
activities of isoprenoid-substituted flavonoids from the root and/or bark
of Artocarpus species have been reviewed."

The content of artocarpin in the diethyl ether and methanol extracts of
A. incisus heartwood was found to be 45% and 20%, respectively."” From
the methanol heartwood extract of A. communis, the artocarpin content
in the dichloromethane fraction was the highest (371 pg/mg) and lowest in
the hexane fraction (6.4 pg/mg).”” The artocarpin content of the fractions
decreased in the following order: dichloromethane > methanol > butanol
> ethyl acetate > hexane. Recently, the content of artocarpin from different
heartwood extracts of A. heterophyllus was reported.”” Both the ethyl
acetate and chloroform extracts yielded 22% of artocarpin, while those
of methanol and hexane yielded 3.0% and 2.6%, respectively. Norartocarpin
and artocarpin have been synthesised from the commercially available
1,3,5-trimethoxybenzene via a linear reaction sequence of 9 and 12 steps
with overall yields of 14% and 3.5%, respectively." The successful
development of this protocol is an important alternative approach to
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Figure 1: Leaves and fruits of Artocarpus altilis or breadfruit (left) and
A. heterophyllus or jackfruit (right).

Figure 2: Artocarpin and some other C-3 and C-6 prenylated flavones.

address the problem of low content of both these prenylated flavones in
the heartwood of Artocarpus species.

PHARMACOLOGY

Studies have shown that artocarpin has multiple pharmacological prop-
erties which include skin-whitening, photo protective, cytotoxic, anti-
inflammatory, antioxidant, antibacterial, antiandrogen, antitubercular,
antiplasmodial, neuraminidase inhibitory, termiticidal and wound healing
activities.

Skin-whitening Activity

Melanogenesis is a process of melanin production in melanocytes, and
involves several steps with tyrosinase being the rate-limiting enzyme for
melanin synthesis.”” Alteration of tyrosinase production and activity is
amain target for treatment of pigmentation defects. Inhibition of tyrosinase
and melanogenesis are two skin-whitening activities of artocarpin.
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Containing 45% of artocarpin, the diethyl ether extract of A. incisus
heartwood displayed slightly weaker tyrosinase inhibitory activity
(IC,, = 10 ug/ml) than that of kojic acid (IC_, = 7.9 pg/ml) used as the
positive control." At concentrations of 2.0-25 pig/ml, the extract decreased
melanin production in B16F1 melanoma cells. The extract did not
change the cell morphology but reduced the melanin content by inhibiting
melanin synthesis. However, the purified artocarpin caused changes in
the cell morphology at 4.5 pg/ml concentration.

An efficient skin-lightening effect was observed following topical appli-
cation of artocarpin at 250 uM to the UV-induced hyper-pigmented dorsal
skins of guinea pigs.'® Artocarpin, isolated from the heartwood and
cortex of A. altilis, reduced melanin production in B16 melanoma cells
without inhibiting tyrosinase activity.” The other isolated compounds,
however, inhibited melanin production by strongly suppressing tyrosinase
activity. For example, the anti-tyrosinase activity of artocarpin (IC,, =
270 uM) was much weaker than that of norartocarpetin (IC, = 0.42 uM).
Other studies have also reported no tyrosinase inhibitory activity of
artocarpin from A. incises 7 or very weak activity (IC, = 315 ug/ml)
from A. lowii."

Based on structure-activity relationships, the potent anti-tyrosinase
activity of norartocarpetin is attributed to the 234’-resorcinol moiety
in ring B.’ Although, artocarpin has a similar structure, its isoprenyl
substituents at C-3 and C-6, and a methoxy group at C-7 significantly
decreased its tyrosinase inhibitory effects. Besides artocarpin, other
compounds from Artocarpus species that inhibit melanogenesis but lack
tyrosinase inhibition have also been reported.” The mechanism of these
compounds inhibiting melanin production remains unclear. A review of
structure-activity relationships of prenyl-substituted polyphenols from
A. heterophyllus reported that both prenyl and OH groups, as well as the
type of substitution pattern, are crucial for the inhibition of melanin
production in B16 melanoma cells.

Compared to norartocarpetin, artocarpin has weaker tyrosinase inhibitory
activity due to its low polarity substituent groups.’* However, artocarpin
exhibits stronger melanogenesis inhibitory activity in melanoma cells
than norartocarpetin even though artocarpin shows lower tyrosinase
inhibitory activity, suggesting that it is necessary to consider the expression
of melanogenic enzymes as well as tyrosinase activity in melanoma cells.

The heartwood extract of A. incisus contained 44.5% of artocarpin which
displayed stronger inhibition of melanogenesis (IC,, = 30.2 mg/ml) than
kojic acid (IC,, = 51.4 mg/ml), the positive control.* When the extract
was topically applied via a nano-emulsion onto the UVB-stimulated
hyper pigmented dorsal skin of C57BL/6 mice, a visible reduction in
hyperpigmentation was observed after six weeks. Depigmentation decreased
from 84 to 51 units (39%). The areas applied with the extract returned to
their original colour four weeks after treatment.

Depigmentation by melanogenesis inhibitors can be achieved by regulating:
i) the transcription and activity of tyrosinase, tyrosinase-related proteins
and/or peroxidase; ii) the uptake and distribution of melanosomes in
recipient keratinocytes; and iii) the degradation of melanin and mela-
nosome, and turnover of pigmented keratinocytes.? Other mechanisms
include cytotoxicity to melanocytes, melanosome transfer inhibition and
melanocyte-keratinocyte interaction. Recently, the anti-melanogenesis
properties of A. communis heartwood extract was reported to involve
the activation of extracellular signal-regulated kinase (ERK) and c-Jun
N-terminal kinase (JNK) signalling pathways.?

Photo protective Activity

In another study, the photo protective effect of artocarpin on UVB-
induced skin damage was tested in hairless mice.” Artocarpin at a topical
dose of 0.05% showed significant photo protective effects by decreasing
desquamation, epidermal thicken and sunburn cell formation. The effects
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were better than those of 0.1% treatment. The topical administration of
artocarpin was found to protect against UVB-induced oxidative stress
and inflammation in the skin of hairless mice by decreasing ROS-
mediated lipid peroxidation, down-regulating tumour necrosis factor
(TNF)-a mediated sunburn cell formation, and reducing inflammatory
protein expression. The study concluded that with both antioxidant and
anti-inflammatory activities, artocarpin has the potential to be devel-
oped into a photo protective product for use as medicine and cosmetics.

Another study was conducted to investigate the ability of an artocar-
pin-enriched extract from the heartwood of A. altilis to prevent UVB-
induced photo-damage.* Human skin fibroblasts and keratinocytes
were pre-treated with 50 mg/ml of extract for 24 h and later irradiated
with UVB radiation. The treated fibroblasts showed attenuated matrix
metalloproteinase (MMP)-1 production but not type-I procollagen
production. The treated keratinocytes displayed decreased production
of TNF-a and IL-6. Topical application of the extract was shown to suppress
epidermal thickening and collagen loss in UVB-exposed skin of hairless
mice. A follow-up study reported that the artocarpin-enriched heartwood
extract of A. altilis protected human skin fibroblasts damaged by UVB-
irradiation in fibroblast-embedded collagen lattices.” Earlier studies
have reported that the artocarpin-enriched extract of A. altilis was able
to significantly enhance the viability and proliferation of wrinkled-skin
fibroblasts,?® and to reverse the activities of UVA-irradiated fibroblasts
and improve collagen deposition in aged and sun-exposed skin tissue.”

Cytotoxic Activity

Artocarpin isolated from the dichloromethane extract of A. altilis roots
showed moderate cytotoxicity against KB and BC human cancer cells
with IC, values of 5.1 and 3.3 ug/ml, respectively.” However, it was also
moderately cytotoxic to the normal Vero (African green monkey) cells
(5.6 pg/ml). The cytotoxicity of artocarpin was among the strongest
compared to the other eight prenylated flavones isolated.

Out of 19 compounds isolated from the twigs of A. heterophyllus and
screened for their cytotoxicity against PC-3 and H460 cancer cells,
artocarpin was the most potent with IC,  values of 7.9 and 8.3 pM,
respectively.?” Norartocarpin, with an OH group at C-7, exhibited much
weaker cytotoxicity with IC, values of 22 and 21 uM, respectively. This
suggests that the methoxyl group at C-7 of artocarpin enhances its
cytotoxicity.

Of the prenylated flavones isolated from the roots of Artocarpus chama,
artocarpin was cytotoxic to MCF-7 and MDA-MB-231 breast cancer
cells with IC, values of 3.3 and 3.8 ug/ml, respectively.'* Compared to the
other compounds, inhibitory effects of artocarpin were relatively weak
but broad-based against the panel of seven cancer cell lines. Similarly,
artocarpin from fruits of A. heterophyllus can induce apoptosis in
SMMC-7721 and SGC-7901 cancer cells.*® Recently, among five flavones
isolated from the ethanol leaf extract of A. heterophyllus, artocarpin
displayed the strongest cytotoxic activity against PC-3, NCI-H460 and
KS49 cancer cells with IC, values of 5.1, 10 and 8.1 uM/ml, respectively.”
From the heartwood of A. heterophyllus, artocarpin showed potent cyto-
toxic activity against human T47D breast cancer cells.”> The compound
reduced cell viability, and altered cell and nuclear morphology, indicative of
apoptosis. The percentage of sub-G1 phase formation was also elevated
dose-dependently. Artocarpin was found to induce the activation of
caspases 3, 8 and 10 with negligible changes in the mitochondrial
membrane potential. Overall, these results indicated that artocarpin
induced apoptosis in T47D cells possibly via a mitochondria-independent
or extrinsic pathway.

Structure-cytotoxicity investigations of flavonoids isolated from
A. heterophyllus on B16 melanoma cells showed that the prenyl-substituted
moieties enhanced cytotoxicity of the flavonoids.* The attached position
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and number of prenyl-substituted moieties per molecule influence their
cytotoxicity.

A study showed that artocarpin induced apoptosis in HSC-1 human
cutaneous squamous carcinoma cells by increasing caspase 3 or 7 activity
through modulation of mitogen-activated protein kinase (MAPK) and
Akt/mTOR pathways.* the effects were more pronounced at low foetal
bovine serum (FBS) concentration. At high concentration, the binding of
artocarpin to proteins in the FBS inhibited cellular uptake and reduced
the cytotoxic activity of artocarpin on HSC-1 cells.

The anti-hepatoma activity of the methanol extract and fractions of
A. communis heartwood toward HepG2 and PLC/PRF/5 human liver
cancer cells has been reported.'? The extract and fractions did not induce
apoptosis but triggered autophagy cell death in a dose-dependent manner.
The anti-hepatoma activity was attributed to artocarpin as the fractions
with the highest artocarpin content had the highest activity. The order
of activity was as follows: dichloromethane fraction > methanol extract
> ethyl acetate fraction > butanol fraction > hexane fraction. Another
related study reported that the anticancer effect of artocarpin from the
heartwood of A. communis on HepG2 and PLC/PRF/5 hepatoma cells
was mediated through autophagy cell death. Its autophagy activity was
enhanced by improving its solubility using a novel nanoparticle delivery
system. This system in part resolved the poor water solubility of artocarpin,
a drawback which has restricted its clinical application and bioavailability.

More recent studies reported that artocarpin induces p53-dependent or
independent apoptosis via ROS-mediated MAPKs and Akt activation
in non-small cell lung cancer cells,** and is a promising colorectal anti-
cancer agent by targeting Akt 1 and 2 kinase activity.”

Anti-inflammatory Properties

Prenylated flavonoids isolated from the heartwood of A. communis
showed potent anti-inflammatory properties when tested for their inhibitory
activity on nitric oxide production in RAW264.7 LPS-activated mouse
macrophage cells.” The IC, value of artocarpin was 18.7 uM with strongest
properties displayed by isobacachalcone (6.4 uM) and gemichalcone B
(9.3 uM).

Antioxidant Properties

A study on the antioxidant properties of flavonoids showed that arto-
carpin displayed the strongest radical scavenging efficiency, followed by
dalspinosin, cycloartocarpin and dalspinin.* Values were however lower
than quercetin, morin and trolox used as positive controls. Recently,
the DPPH radical scavenging activity of artocarpin from leaves and the
heartwood of A. anisophyllus has been reported.” The IC, value of arto-
carpin (140 ug/ml) was however lower than those of the dichloromethane
extract (80 pug/ml) and the ethyl acetate extract (40 pg/ml).

Antimicrobial Activity

A study reported that artocarpin isolated from the heartwood of
A. heterophyllus showed inhibitory activity against cariogenic bacteria."
The compound inhibited the growth of Streptococcus mutans and
related species including plaque-forming streptococci in the concentra-
tion range of 6.25-12.5 pg/ml. The growth of Actinomyces species was
inhibited at 3.13-12.5 pg/ml and that of Lactobacillus species at 12.5 pg/ml.
The antimicrobial activity of flavonoids from leaves and heartwood of
A. anisophyllus and A. lowii was evaluated against Gram-positive bacteria
of Bacillus cereus and Staphylococcus aureus, Gram-negative bacteria of
Pseudomonas putida and Escherichia coli, and fungi of Candida albicans
and C. glabrata.” Artocarpin showed strong antimicrobial activity towards
all bacteria and fungi. Against the bacteria, diameter of inhibition zone
(DIZ) was more than 11 mm and minimum inhibitory concentration
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(MIC) was 0.45 mg/ml. Against the fungi, DIZ was more than 9.5 mm
and MIC was 1.8 mg/ml. The strong antimicrobial activity of artocarpin
was attributed to the two hydroxyl groups at position C-2" and C-4; and
two lipophilic isoprenyl groups at positions C-3 and C-6.

Artocarpin from the roots of A. integer displayed antibacterial properties.”
It inhibited the growth of Staphylococcus epidermidis, S. aureus and
Propionibacterium acnes with MIC of 4, 2 and 2 pg/ml, respectively.
In another study, artocarpin inhibited methicillin-resistant S. aureus
(MRSA) and E. coli (both MIC = 62.5 mg/ml), and against Pseudomonas
aeruginosa (MIC = 250 mg/ml).* When tested for synergistic effects with
ampicillin, norfloxacin and tetracycline, results indicated that artocarpin
enhanced the antimicrobial activities of the tested antibiotics against
MRSA, P. aeruginosa and E. coli. Artocarpin produced synergistic effect
with norfloxacin against MRSA, P. aeruginosa and E. coli. With tetracycline,
synergistic effect was observed against MRSA and P. aeruginosa, and
with ampicillin, synergistic effect was observed against MRSA.

Antiandrogen Activity

Antiandrogen activity via inhibition of 5a-reductase is critical for male
sexual differentiation and its deficiency may be involved in the develop-
ment of prostate cancer.*” From the heartwood of A. incisus, artocarpin
inhibited 5a-reductase (IC, = 85 uM).* Structure-activity investigations
of the isolated compounds suggested that the presence of an isoprene
substituent (prenyl and geranyl) would enhance 5a-reductase inhibitory
effects. Although artocarpin possesses potent 5a-reductase inhibitory
effect, it has to penetrate the skin to reach the androgen receptors.
A technique using alginate/chitosan microparticles for targeted transfol-
licular delivery of artocarpin has been developed.*’

Antitubercular and Antiplasmodial Activities

Out of nine prenylated flavones isolated from the dichloromethane extract
of A. altilis roots, artocarpin exhibited the potent antitubercular activity
against Mycobacterium tuberculosis (MIC = 3.1 pg/ml) and antiplasmodial
activity against K1 strain of Plasmodium falciparum (IC_ = 3.0 ug/ml).*
Chaplashin showed similar antitubercular activity (MIC = 3.1 ug/ml) but
stronger antiplasmodial activity was observed in morusin (IC, = 1.9 ug/ml).

Neuraminidase Inhibition

Inhibition of neuraminidase (NA) has become an established target
for the treatment of influenza. Among the flavonoids, artocarpin from
Artocarpus has been reported to be a remarkable NA inhibitor.”® The
compound inhibited NA of oseltamivir-sensitive influenza strains
(PR/8/34, Jena/5528/09 and Jena/5555/09) with IC, values of 0.18, 0.23
and 0.30 pM, respectively, and oseltamivir-resistant strain (342/09) with
IC,, value of 0.55 pM.

The NA inhibitory activity of artocarpin (180-300 nM) was ten-fold
stronger than katsumadain A used as positive control. Artocarpin also
inhibited the growth of Streptococcus pneumoniae and biofilm formation.*
This rendered artocarpin a promising natural anti-influenza product as
S. pneumoniae is a major cause of pneumonia during influenza epidemics
and neuraminidase is a virulence factor of pneumococci and influenza
viruses. A related study further explored the potential of using artocarpin
in combination with katsumadain A as remedy for pneumonia and
influenza.*® Results showed that both compounds synergistically inhibited
NA, NanA, including the recombinants rNanA and rNanB. Recently,
the discovery of prenylated flavonoids from the root bark of Morus
alba (mulberry) with similar dual activity against influenza virus and
S. pneumoniae has been reported.*
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Termiticidal Activity

Artocarpin, a major component in the heartwood extract of A. hetero-
phyllus, elicited the highest termiticidal activity against both Coptotermes
formosanus and Reticulitermes speratus.” Similarly, another related study
reported that artocarpin from jackfruit displayed moderate anti-feed ant
activity against the cutworm Spodoptera litura and had lethal effects on
the termite R. speratus at a dose of 10 pg/disc.”

Wound Healing Activity

A study conducted showed that artocarpin promotes wound healing
through multiple mechanisms.** The compound accelerates the inflam-
matory phase, and enhances the differentiation, proliferation and migration
of fibroblasts and keratinocytes, collagen deposition, re-epithelialization,
wound contraction, and angiogenesis.

CONCLUSION

Artocarpin, an isoprenyl flavone, was first isolated from the root of
A. heterophyllus (jackfruit). The compound has a molecular formula of
C,H,0, and a 5,7,2)4"-tetrahydroxylated structure with three benzene
rings. Ring B has a 2’4’-resorcinol moiety and there is a methoxy group
at C-7 of ring A. At C-3 and C-6 are the isoprenyl substituents. Besides
its cosmeceutical activities of skin-whitening and photo protection,
artocarpin possesses other pharmacological properties which include
cytotoxic, anti-inflammatory, antioxidant, antimicrobial, antiandrogen,
antitubercular, antiplasmodial, neuraminidase inhibitory, termiticidal
and wound healing activities. Comparisons between artocarpin and
other flavones with and without isoprenyl substituents would be interesting
research in the future. Bioactivities of artocarpin and their synergies with
other flavonoids (if any) would be equally exciting.
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ABBREVIATION USED

DIZ: diameter of inhibition zone; DPPH: 2,2-diphenyl-1-picrylhydrazyl;
ERK: extracellular signal-regulated kinase; FBS: foetal bovine serum;
FRC: Forest Research Centre; ISME: International Society for Mangrove
Ecosystems; JNK: c-Jun N-terminal kinase; MAPK: mitogen-activated
protein kinase; MIC: minimum inhibitory concentration; MMP: matrix
metalloproteinase; MRSA: methicillin-resistant Staphylococcus aureus;
NA: neuraminidase; ROS: reactive oxygen species; SFD: Sabah Forestry
Department; TNF: tumour necrosis factor; UVA: ultraviolet A; UVB:
ultraviolet B.
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SUMMARY

Artocarpin is an isoprenyl flavone from Artocarpus species (Moraceae). The
compound was first isolated from the root of Artocarpus heterophyllus (jack-
fruit).

With a molecular formula of C,,H,,O, , artocarpin has a 5,7.2',4'-tetrahydroxyl-
ated structure with three benzene rings. Ring B has a 2',4'-resorcinol moiety
and there is a methoxy group at C-7 of ring A. Attached to C-3 and C-6 are the
isoprenyl substituents.

The inhibition of tyrosinase and melanogenesis are two skin-whitening activi-
ties of artocarpin. It protects UVB-induced skin damage. Besides its cosme-
ceutical activities of skin-whitening and photoprotection, artocarpin possesses
other pharmacological properties such as cytotoxic, anti-inflammatory, anti-
oxidant, antimicrobial, antiandrogen, antitubercular, antiplasmodial, neuramini-
dase inhibitory, termiticidal and wound healing activities.
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