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ABSTRACT

ARTICLE HISTORY

The tree Cryptocarya concinna Hance is largely distributed in southeast Asia and essentially
used for its robust wood. Alcoholic extracts made from the leaves or roots of the plant have
revealed anti-inflammatory and anticancer properties. The DNA-damaging dihydrochalcone
derivative cryptocaryone accounts for the anti-proliferative and pro-apoptotic activities
observed with the extracts. Other bioactive products have been isolated, including a-pyrone
derivatives such as cryptoconcatones A-L and flavonoids such as cryptoconones A-E. A
structural analogy is underlined between cryptoconcatone D and two known compounds with
an o,B-unsaturated &-lactone: pironetin and the styryl-lactone goniothalamin which targets
the peroxisomal protein MFE2 (multifunctional enzyme type2). Pironetin is a potent a-tubulin
binder with robust anticancer properties. By analogy, the binding of cryptoconcatone D
to the pironetin-site of a-tubulin is proposed. The review shed light on the phytochemical
constituents of Cryptocarya concinna and the biological properties of a,f-unsaturated lactone
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compounds isolated from this little studied plant.
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1. Introduction

ryptocarya concinna Hance (Lauraceae) is a tall

evergreen tree well distributed in southern China

(Guangdong, Guangxi, SE Guizhou, Hainan,
Jiangxi). It can be found also in eastern Thailand, Laos,
Cambodia, northern Vietnam and Taiwan (de Kok, 2015;
Zhang et al., 2020). The tree, which can grow up to 18
meters tall, is harvested from the wild for its tough
wood (Fig. 1). It grows usually in low-altitude (550-1200
m) subtropical and tropical forests, in valleys and on
low hillsides. The bole can be up to 35cm in diameter
(Chudnoff, 1984). The wood is used for housing timber
and furniture making. There are 368 species with an
accepted name in the Cryptocarya genus. C. concinna
Hance (synonym: C. lenticellata Lecomte) is one of them.
The plant can be cultivated but the growth volume of
C. concinna plantation is slow and the growth cycle is

long. It is better to rely on the natural regeneration
of C. concinna plantation which provides sufficient
seedlings storage (Wu et al, 2020). However, C
concinna trees are quite sensitive to nutrient deficiency
and to acid rains which increase the soil content
of Mn toxic for the plant (Liu et al., 2007a, 2007b).
Apparently, the plant is not used in traditional
medicine, although there is an isolated citation of the
use of the raw fruits for the treatment of stomachache
in Thailand (local name Ma Khuae Jae) (BGO Plant
Database). Apart from this unique web citation, there
is no study indicating the use of the plant extract for
a medicinal purpose. However, there are interesting
studies on the isolation of bioactive compounds from
the plant. Young leaves of C. concinna have been found
to contain a large proportion of phenolic compounds,
including anthocyanins with marked antioxidant
properties. The leave extracts were shown to contain
various flavonoids serving as photoprotective agents
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(Zhu et al., 2016; Zhang et al., 2018). The anthocyanins
provide a photoprotective effect for young leaves
in high-light environments (Yu et al, 2019).
Over the past 15 years, diverse bioactive compounds
have been isolated from extracts of C. concinna,
principally flavonoids and o-pyrone derivatives.
The isolated products have been

characterized

Cryptocarya concinna Hance
Fig. 1. Cryptocarya concinna Hance (Lauraceae) is a tall tree largely distributed in Southeast Asia. Extracts obtained
from the leaves (drawn) have revealed antioxidant properties. These extracts contain large amounts of anthocyanins
which are flavonoids with a positive charge at the oxygen atom of the B-ring of basic flavonoid structure.

2. Anti-inflammatory and anti-proliferative
activities of Cryptocarya concinna extracts

Extracts have been prepared from leaves and branches
of 27 Llauraceae species and evaluated for their
anti-inflammatory, antioxidant, antifungal and anti-
proliferative activities. No significant effect was observed
against two types of fungi, Trametes versicolor (white rot
fungus) and Laetiporus sulphureus (brown-rot fungus).
In contrast, most of the methanolic extracts revealed
an antioxidant activity based on a radical scavenging
assay with the DPPH (1,1-diphenyl-2-picrylhydrazyl)
probe. The antioxidant potential of the alcoholic
extract from C. concinna was satisfactory, neither weak
nor particularly high, roughly similar to that observed
with the majority of extracts tested. But interestingly,
the same extract exhibited a pronounced effect in the
nitric oxide (NO) inhibition assay, used to reveal the
anti-inflammatory potential of the products. At the
dose of 25 ug/mL, the extract reduced the production
of NO in murine macrophage RAW 264.7 cells by more
than 80%. Only one other species of Lauraceae (Litsea
akoensis) produced a similarly high inhibitory effect.
Moreover, the methanolic extract was found to inhibit
the proliferation of human umbilical vein endothelial
cells (HUVEQ), with an EC, of 49.4 ug/ml, but it has
no effect on the proliferation of HL-60 promyelocytic
leukemia cells and MCF-7 breast cancer cells (Lin et al,,

structurally and functionally for their capacity
to inhibit proliferation of cultured cancer cells. Marked
antitumor effects have beenreported. The present review
provides a detailed analysis of the natural products
isolated from C. concinna, their antitumor properties
and potential mechanism of action. Molecular targets
are proposed for the lead compounds in the series.

Antioxidant activity

Extract

Anthocyanins

2007). Clearly, the alcoholic extract of C. concinna leaves
displays a pronounced anti-inflammatory effect and can
impact cell growth. A more recent study has pointed
out modest antibacterial and larvicidal activities with
an essential oil made from fresh leaves of C. concinna
subjected to hydrodistillation (Chau et al,, 2020).

A methanolic extracts from the roots of the plant has
been found to reduce the proliferation of the oral cancer
cell lines Ca9-22 and CAL 27. The cell growth inhibitory
effect was associated with induction of reactive
oxygen species (ROS) in cells, mitochondrial damages
(depolarization of the mitochondrial membrane
potential) and cell apoptosis (Huang et al., 2014a). Later,
the same authors reported that this particular root
extract triggered ROS-dependent apoptosis of Ca9-22
cells and the cellular lethal effects were associated with
drug-induced DNA damages and alteration of cell cycle
progression (accumulation of cells in the G2/M phase).
A synergistic effect was observed when these oral cells
were exposed to an Ultraviolet C light in addition to the
plant extract. The anti-proliferative and pro-apoptotic
effects were significantly reinforced when the two
active elements were combined (Chang et al., 2016a).
The cellular activities have been attributed mainly to
the dihydrochalcone derivative cryptocaryone (1) (Fig.
2) which has been isolated from C. concinna and from
diverse Cryptocarya plants (Chang et al., 2016b).
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Fig. 2. Antitumor extracts have been prepared from the roots of Cryptocarya concinna. The extracts were found to inhibit
proliferation of cultured tumor cells. The main bioactive compound isolated from those extract was the dihydrochalcone
cryptocaryone (1) which induces a marked oxidative stress (with enhanced production of reactive oxygen species, ROS)

and DNA damages in cells.

3. Anticancer natural products isolated from
Cryptocarya concinna

3.1. Cryptoconcatones

A series of twelve o-pyrone derivatives has been
isolated from the leaves and twigs of C. concinna. The
compounds, named cryptoconcatones A-to-L (2-13), all
correspond to arylalkenyl a,B-unsaturated &-lactones,
as represented in Fig. 3 (Huang et al., 2014b; Yang et
al., 2016, 2017). Cryptoconcatones A-to-G (2-8) bear
a central substituted alkyl chain, with a styryl ring
and an o,B-unsaturated &-lactone, at each end. They
differ by the substituent on the lactone ring (R,) or
on the alkyl chain (R,R,). Cryptoconcatone H (9) is a
distinct compound with a central tetrahydropyran
motif. Based on the total synthesis of the compound,
the structure initially proposed has been revised. The
natural product corresponds to the all-R stereoisomer
(Della-Felice et al., 2017, 2018). Another total synthesis
of cryptoconcatone H and a detailed structural analysis
have confirmed that the natural product bears a trans-
rather than cis-tetrahydropyran ring (Csékas and Bates,
2019). Major efforts have been deployed to define
the correct structure of cryptoconcatone H (9). This
atypical molecule is structurally close to compounds
like obolactone (14) and cryptoyunones isolated from
C. obovata and C. yunnanensis, such as cryptoyunone B
(15) (Fig. 3) (Dumontet et al., 2004; He et al.,, 2020).

CryptoconcatoneslandJ(10-11) belongalsoto aslightly
distinct group because they both bear a five-membered

lactone. They present the same molecular formula and
differ by the position of the acetoxy group on the
central alkyl chain. They are arylalkenyl o,-unsaturated
y-lactones, for which specific synthetic approaches
have been developed (Acharyya et al, 2019; Yoo et
al., 2020). The synthesis of the y-Z-butenolide core of
cryptoconcatone | (10) from E-cinnamaldehyde requires
no less than 15 steps (9.1% overall yield) (Acharyya et
al, 2019). The structures of cryptoconcatone K (12)
and its acetylated analogue cryptoconcatone L (13)
are reminiscent to that of cryptoconcatone H (9) with a
central tetrahydropyran motif. They bear both a hydroxyl
group on the lactone ring, as for cryptoconcatones
E-F-G (6-8). Unlike cryptoconcatones A-J (2-11) which
were found to be inactive against cultured cancer cells,
cryptoconcatones K (12) and L (13) markedly inhibited
the growth in Huh7 hepatocellular carcinoma cells, with
IC,, of 45 and 3.9 uM, respectively. These values are
not far to that measured with the reference anticancer
drug doxorubicin (IC,; = 1.4 uM). The two compounds
were less active against U20S human osteosarcoma
cells (IC,, of 19.7 and 16.2 pM, respectively) (Yang et al,,
2017). The marked activity against the hepatocellular
carcinoma (HCC) cells warrants further investigation
because HCC are aggressive tumors for which novel
medication are actively needed.

Cryptoconcatones A-J (2-11) are non-cytotoxic
compounds toward these cancer cells but a mild
cytotoxic activity of cryptoconcatone G (8) has been
observed at high concentrations (50 uM) when using
RAW 264.7 macrophagic cells (Yang et al., 2016).
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Fig. 3. Lactone derivatives. Structures of cryptoconcatones A-L (2-13) isolated from C. concinna and the related compounds
obolactone (14) and cryptoyunone B (15).

Most of these lactone compounds display an anti-
inflammatory activity, measured via the inhibition of
the production of NO in lipopolysaccharide-induced
RAW 264.7 macrophages. The best anti-inflammatory
action was obtained with cryptoconcatones D (5), H
(9) and | (10) (IC,, = 3.2, 4.2 and 3.4 uM, respectively)
(Yang et al,, 2016). These three compounds, lacking an
acetoxy group attached to the alkenyl chain, bear an
o,B-unsaturated-y-lactone ring which is a key element
for the anti-inflammatory action.

3.2. Cryptocaryone

Cryptocaryone (1) is a benzofurandione derivative
(Fig. 2) initially isolated from the plant Cryptocarya
bourdilloni Gamble (Lauraceae) in 1972 but an incorrect
structure (dihydrochalcone) was reported at that time
(Govindachari et al., 1972). The structure was revised
thirteen years later, based on an X-ray analysis of
the molecule (Maddry et al., 1985; Dumontet et al.,
2001). These last years, the compound has been
found in a variety of Cryptocarya species, such as C.
mackinnoniana (Raju et al,, 2022), C. rubra (Ren et al.,
2014), C. chinensis (Chou et al, 2011) and C. konishii
(Kurniadewi et al., 2010) and C. rugulosa (Meragelman
et al., 2009). Processes have been described to obtain
each enantiomer of the compound and analogues by
total syntheses (Fujioka et al., 2010; Franck et al., 2010;
Liu et al., 2018).

Diverse biological properties have been reported with
cryptocaryone (1). Initially, the compound was found
to inhibit the activity of the transcription factor NFkB
in human lymphoma cells (Meragelman et al., 2009)
and to inhibit tyrosine kinase activity in vitro but with

OH OAc (11) K

OH (10) H OH H (9
OH OH (12)
L OAc OH (13)

cryptoconcatones A-L(2-13)

cryptoyunone B (15)

a very modest potency (47% inhibition at 100 pM)
(Kurniadewi et al, 2010). The molecular targets of
cryptocaryone have not been identified at present.
The compound displays marked cytotoxic properties
against various cancer cell lines. It was found to inhibit
the growth of DU145 prostate cancer cells (IC,, = 2.3
uM) (Hexum et al., 2012), P-388 leukemia cells (IC,; =
0.04 uM) (Kurniadewi et al., 2010), PC-3 prostate cancer
cells (IC.; = 1.6 pM) (Chen et al, 2010) and HT-29
human colon cancer cells (IC,, = 0.32 uM) (Ren et al,
2014). Remarkably, compound (1) inhibits proliferation
and triggers apoptosis of both androgen-independent
(PC-3 and DU-145) and androgen-dependent (LNCaP)
prostate cancer cells with a roughly similar potency.
In PC-3 cells, the drug-induced apoptosis activation
pathway included recruitment of death receptors DR4
and DR5 and their clustering and aggregation into lipid
rafts, a process leading to caspases activation (Chen et
al, 2010). A recent study has provided further details
about the pro-apoptotic capacity of cryptocaryone (1)
in different histotypes of prostate cancer. The drug
has been found to induce a marked oxidative stress,
leading to DNA damages, as judged from the increased
expression of the phosphorylated histone variant
y-H2AX and increased staining of H2AX foci (Chen
et al, 2022). Cryptocaryone-induced DNA damages
have been observed also using HSC-3 and OC-2 oral
cancer cells. Treatment of those cells for 24 hours
with the compound induced expression of y-H2AX
and formation of 8-hydroxy-2'-deoxyguanosine
(8-OHdG) which is an oxidative stress marker. The
combination of cryptocaryone (1) and ultraviolet C
(UVC) further enhanced those two activities leading to
a larger arrest of the cell cycle in G2/M phase and a
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more pronounced degree of apoptosis, with caspases
activation. Cryptocaryone (1) exerts a radiosensitizing
anti-proliferation effect on UVC irradiated oral cancer
cells (Wang et al., 2022). DNA damages have been also
characterized using Ca-9-22 and CAL-27 oral cancer cell
lines which are both quite sensitive to cryptocaryone-
induced DNA damages and oxidative stress. The
extent of caspases activation, production of ROS, DNA
damages and apoptosis induced by cryptocaryone
in Ca-9-22 cells can be almost totally abolished in
the presence of the antioxidant compound N-acetyl-
cysteine, indicating clearly that it is the oxidative stress
which is at the origin of the drug-induced collapse of
the cells (Chang et al, 2016). The effects are not specific
to oral cancer cells, as the same activities were reported
using the oral and ovarian cancer cells (Chang et al,
2016; Chen et al., 2022).

Cryptocaryone (1) emerges as an interesting anti-
inflammatory and anticancer agent, at least in vitro
(Feng et al, 2012). An evaluation of its potency and
tolerability in mice with xenografted tumors is awaited.
Beyond, there is a series of cyclohexanone derivatives
which should be further studied as anticancer agents,
such as the related product infectocaryone isolated from
Cryptocarya species, which have revealed interesting
cytotoxic properties (Chou et al., 2010).

3.3. Cryptoconones and related flavonoids

Five flavonoids designated cryptoconones A-to-E
(16-20) (Fig. 4) have been isolated from the stem
wood of C. concinna but they were found inactive
against cancer cell growth and inactive also in
antibacterial and antifungal assays (Huang et al., 2014).

cryptoconone A cryptoconone B

(16) (17)
HO o O
|
0
0
o

cryptochinone A

(22) OH O

cryptoconone C cryptoconone D
(18) (19)

cryptoconone E
(20)

kurzichalcolactone A (21)

Fig. 4. Structures of cryptoconones A-E (16-20) isolated from C. concinna and the related flavonoids cryptochinone A
(22). The complex flavonoid kurzichalcolactone A (21) has been isolated also also from C. concinna and other Cryptocarya

species.

During the isolation process, the authors characterized
other known flavonoids, such as kurzichalcolactone A
(21) which can be found in other Cryptocarya species
(Dumontet et al., 2004; Siallagan et al., 2008; Kurniadewi
etal., 2010). Cryptoflavanones A-D (16-19) are flavanone
derivatives isolated from C. chinensis (Chou et al., 2011).
Two related compounds designated cryptoflavanones
E and F have been mentioned in a meeting report
(poster presentation) published in 2017, but there are
no other details about these compounds isolated from
C. concinna. This meeting report also cited a compound

named concitocaryone, but without further information
(Chang et al,, 2017).

Another flavonoid merits mention: cryptochinone A
(22) initially isolated from C. Chinensis because this
compund has been found to exert an agonistic effect
toward the farnesoid X receptor (FXR) (Chou et al., 2010;
Lin et al, 2014). Cryptochinone A (22) is structurally
close to cryptoconones D and E (19-20) (Fig. 4).
Therefore, it would be useful to investigate the activity
of cryptoconones against FXRs. FXR agonists can be
useful to treat liver injuries (e.g. the potent FXR agonist
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obeticholic acid FDA-approved to treat cholestatic liver
disease). Recently, the targeting of the bile-regulating
FXR nuclear receptors has been discussed as a novel
approach to combat biliary tract cancer but also liver,
colon and prostate cancers (Girisa et al., 2021; Yin et al.,
2021; Sun et al., 2021).

4. Concluding remarks

Tree species of Lauraceae are abundant in eastern Asia,
notably in subtropical areas. They are frequently used
in folk medicine to treat infections, fevers and other
diseases and symptoms. A comparison of extracts from
27 woody plants of Lauraceae grown in Taiwan has
revealed that alcoholic C. concinna extracts are among
the most potent in terms of anti-inflammatory and
antiproliferative activities (Lin et al., 2007). Nutraceutical
and pharmaceutical applications of C. concinna extracts
could be envisioned. As discussed here, these extracts
contain various products active against the proliferation

binding to MFE2

Goniothalamin (23)

cryptoconcatone D (5)

such as cryptoconcatones. Of course, there are other
of cancer cells, including flavonoids and lactones,
Cryptocarya species of medicinal interest, notably
to treat microbial infections (Zoccolotti et al., 2021).
But extracts from C. concinna appears interesting,
and perhaps insufficiently considered thus far for
medicinal applications. Among the various natural
products isolated from C. concinna, one compound
in particular caught our attention: the styryl lactone
cryptoconcatone D (5) which bears an o,-unsaturated
&-lactone. This compound, which displays marked anti-
inflammatory effects (Yang et al, 2016), presents a
structural analogy with two known molecules for which
the mechanism of action has been delineated, at least
in part. On the one hand, a structural analogy can be
seen between cryptoconcatone D (5) and the styryl-
lactone goniothalamin (23) (Fig. 5) which is also a well-
known anticancer agent, isolated from the medicinal
plant Goniothalamus andersonii (Seyed et al., 2014; Pilli
et al,, 2019).

binding to a-tubulin

Pironetin (24)

Fig. 5. The structural analogy between cryptoconcatone D (5) and goniothalamin (23) known to bind to MFE2

and pironetin (24) which binds to the a-tubulin.

This natural product found in diverse plants has revealed
marked activity against breast cancer, inducing specific
cellular lethal effects (apoptosis, necroptosis) (Khaw-On
etal., 2018, 2019; Bakar et al., 2022). The drug is active in
vivo, alone and in combination with cisplatin (Punganuru
etal, 2018) and its bioavailability can be enhanced upon
encapsulation into nanoparticles (Braga et al, 2020).
The molecular targets of goniothalamin (23) remain
uncertain at present but the drug has been shown to
conjugate with glutathione in cells, thereby inducing
a redox imbalance (Punganuru et al., 2018). Moreover,
a recent analysis pointed out an interaction between
goniothalamin and the peroxisomal multifunctional
enzyme type2 (MFE2) which is implicated in beta-
oxidation of fatty acids in peroxisomes. Upon direct
binding to MFE2, goniothalamin (23) would be able to
perturb the synthesis of lipids in cells, thereby inducing
an endoplasmic reticulum stress (Sophonnithiprasert
et al, 2021). By analogy, it can be hypothesized that
cryptoconcatone D (5) can alter lipid synthesis via a
MFE2-dependent mechanism.

On the other hand, cryptoconcatone D (5) is structurally
close to the a-tubulin binder pironetin (24) which is
a potent, but rapidly metabolized, antitumor agent

(Coulup and Georg, 2019; Coulup et al,, 2019). Pironetin
(24) (Fig. 5) is known to inhibit cell division by forming
a covalent adduct with a cysteine residue (Cys316) of
a-tubulin (Prota et al., 2016). Therefore, it would be
interesting to evaluate the tubulin-binding capacity
of cryptoconcatone D (5). A preliminary investigation,
using a computational approach (molecular docking)
indicated that the interaction is highly plausible. The
high-resolution crystal structure of pironetin (24)
bound to o/B-tubulin dimer (PDB: 5FNV) can be used
to investigate the interaction between cryptoconcatone
D and tubulin. A model has been built, as represented
in Fig. 6, and the empirical energies of interaction
(AE) calculated. Interestingly, AE values of -57.3 and
-60.5 kcal/mol were calculated for pironetin (24) and
cryptoconcatone D (5), respectively. Therefore, the
calculations suggest that cryptoconcatone D can bind
equally well to the pironetin site of a-tubulin, in a position
entirely compatible with the formation of a covalent
bond with Cys316 (Fig. 6d). This preliminary analysis
suggests that tubulin can be the molecular target of
cryptoconcatone D (5) at the origin of the bioactivity
of the product. In addition, it raises hypotheses for
other natural compounds bearing a comparable o,p-
unsaturated &-lactone core. There existacomplete family
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Fig. 6. Molecular model of cryptoconcatone D (Cr-D) bound to B-tubulin. (a) A docking model of Cr-D binding to the o/B-
tubulin dimer interacting with stathmin-4 and tubulin tyrosine ligase (PDB access code: 5FNV) was built. Cr-D appeared to
bind well to the pironetin active site of a-tubulin. (b) A close-up view of Cr-D (in yellow) bound to the active site. (c) The
compound places its lactone unit in front of Cys316, at a distance amenable to covalent reaction with the thiol group of
Cys316 residue. (d) A view of Cr-D bound covalently to a-tubulin via the Cys316 residue, as presented on the corresponding
structure. The docking analysis was performed as described in recent studies (Bailly and Vergoten, 2021, 2022; Vergoten

and Bailly, 2022).

of such lactone compounds (e.g. cryptobrachytone A-C,
kurzilactones A-B, crypotocaryalactone, cryptofolione,
rugulactone, cryptobrachytone, cryptolaevilactone,
etc) (Boucard et al., 2007; Tsurumi et al., 2018, 2019).
Natural products with a o,B-unsaturated &-lactones
are extremely diversified in plants but their mechanism
of action has not been often investigated. These
compounds should be tested as tubulin binders.
Based on our analysis, preliminary structure-activity
relationships can be deduced. In the cryptoconcatone
series, the antiproliferative activity reported with
cryptoconcatones K and L (12-13) suggests that the
presence of central tetrahydrypyrane motif is a key
element for activity. Further studies are needed to
expand the SAR. To conclude, the phytochemical analysis
of Cryptocarya concinna opens novel perspectives to
better comprehend the mechanism of action of these
bioactive lactone compounds.
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