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The flora of New Caledonia encompasses more than 3000 plant species and almost 80% are endemic. New Caledonia is
considered as a Ðhot spotÏ for biodiversity. With the current global loss of biodiversity and the fact that several drugs and pesticides
become obsolete, there is an urgent need to increase sampling and research on new natural products. In this context, we review
the chemical knowledge available on New Caledonian native flora from economical perspectives. We expect that a better
knowledge of the economic potential of plant chemistry will encourage the plantation of native plants for the development of a
sustainable economy which will participate in the conservation of biodiversity. In the second part of this review, we focus on the
results exposed in 60 scientific articles and describe the identification of 225 original compounds from basal angiosperms and
eudicot rosids. We discuss the economic potential of plants and molecules from medicinal and industrial perspectives. This
review also highlights several plants and groups, such as Amborella sp., Piperaceae, or Phyllanthaceae, that are unexplored
in New Caledonia despite their high chemical interest. Those plants are considered to have priority in future chemical
investigations.

Introduction. – The importance of biodiversity for the
discovery of new natural products with economical value
was recognized in 1990 during a meeting of the Interna-
tional Society of Chemical Ecology. In the Gçteborg
Resolution [1], natural product diversity was recognized
as a Ðtreasury of immense value to human kindÏ. This
resolution also pointed out the current alarming rate of
species extinction that is rapidly depleting this treasury,
with potentially disastrous consequences. This encouraged
the research for valuable natural products for the valor-
ization and protection of biodiversity [1]. From time
immemorial, plants have provided a wide variety of foods,
drugs, cosmetics, fibers, and building materials, and have
been fundamental for the development of human societies
[2]. More recently, studies of plant chemistry have led to
the discovery of many bioactive products, such as for
pharmacological, agronomical, or cosmetic applications.
The discovery of aspirin from Filipendula ulmaria or of
artemisinin from Artemisia annua are among the most
popular examples that illustrate the importance of such
research [3] [4]. Despite the development of combinatorial
chemistry and rational drug design, many authors argue
that natural products are likely to continue to provide the
best lead-molecules in the future [5] [6]. In this context,
species-rich areas, such as tropical and subtropical forests,
are of particular interest.

New Caledonia, an archipelago located in the South-
West Pacific, is considered as one of the 34 major Ðhot spotsÏ
for marine and terrestrial biodiversity [7]. A review
published in 2004 by Laurent and Pietra highlighted the
pharmacological potential of the Neo-Caledonian marine
organisms [8], but no review of terrestrial phytochemical
investigations is available yet. Considering higher plants, it
is evaluated that New Caledonia contains 3270 native
species, of which 78% are endemic to this territory [9]. This
botanical diversity also represents a huge reserve of
original natural compounds and provides a real interest
for green chemistry, pharmacology, cosmetics, and agrono-
my. The term Ðhot spotÏ also points out that the biodiversity
is highly threatened by human activities and therefore, this
habitat must be protected [10]. For this purpose, the
discovery of interesting chemicals from plants will encour-
age the reforestation and thus, the protection of biodiver-
sity. Investigations of the New Caledonian chemodiversity
already provided original compounds and/or interesting
drugs. As an example, methoxyellipticine, an alkaloid
found in a New Caledonian Apocynaceae, was used to
develop a drug (CeliptiumÔ) used to treat breast and liver
cancers [11].

Despite phytochemical interest, plant chemistry re-
mains largely unexplored in New Caledonia. During the
second part of the 20th century, research mainly focused on



the discovery of original compounds (e.g., [12 – 14]). Later,
biological evaluations started to be systematically associ-
ated to phytochemical analysis (e.g., [15 – 17]). This was the
beginning of research for economical evaluation, in a
purpose of biodiversity conservation. Following the review
of isolated alkaloids from New Caledonian flora by S¦venet
and Pusset [18], we present here a broader review of the
phytochemistry of New Caledonian plants and discuss their
economic potential. This review summarizes publications
available on SciFinder from 1972, when the first formal
phytochemical studies of endemic plants were published,
up to early 2015.

The knowledge available in scientific literature about
the chemistry of New Caledonian native plants is reported
exhaustively. The data are organized by families of plants,
according to the phylogeny proposed by the Angiosperm
Phylogeny Group III (APG III; see Fig. 1) [19]. This allows
a comprehensive chemotaxonomical organization of this
review. Florical was used as taxonomical reference for the
New Caledonian flora [9]. This review points out the
economic interest of terrestrial biodiversity of New Cale-
donia and highlights new groups which have been poorly
studied and may contain novel compounds. This compila-
tion highlights that the original flora from New Caledonia
also contains a wide range of original compounds. Origi-
nality of New Caledonian compounds was updated using
the Dictionary of Natural Products [20]. We considered
compounds as originals when encountered only in a
restricted number of endemic species stemming from a
unique genus.1) We also point out that a lot of work
remains to be done for the development of economical
applications based on this biodiversity. This review is
divided into three parts. The first part covers the knowl-
edge of the chemistry of New Caledonian conifers [21],
whereas the two following parts focus on the metabolites
isolated from angiosperms. The second part, which is
presented here, compiles the results obtained by investiga-
tion of basal angiosperms, monocots, basal eudicots, and
eudicot rosids.

In New Caledonia, angiosperms are particularly diverse
since this group encompasses 3099 species, more than 90%
of all vascular plants, and is characterized by its remarkable
originality, showing 77.8% endemism [9]. More in detail,
several groups which are abundantly represented in the
tropics are totally absent in New Caledonia, such as
Balsaminaceae and Begoniaceae, and other groups, such
as Annonaceae, Asteraceae, or Bignoniaceae, are clearly
under-represented [9]. In parallel, we can find several
relictual taxa, Amborella trichopoda being the perfect
example, and a high level of speciation in several gondwa-
nian groups, such as Lauraceae (47 endemic species) or
Cunoniaceae (90 endemic species, corresponding to 30% of
the world diversity of this group) [9]. Myrtaceae and
Rubiaceae are the most important families, encompassing
257 and 211 species, respectively. As will be shown, many of

the published phytochemical studies on New Caledonian
angiosperms led to the isolation of original natural com-
pounds. Also, several of them were shown to be highly
bioactive, showing high potential for pharmaceutical ap-
plications. On the contrary, other economic perspectives
for New Caledonian plants, such as cosmetic or agronomic
applications, are poorly documented. As summarized in
Fig. 1, we can also notify that we did not find any
publication related to endemic species from 60% of the
angiosperm families.

Protoangiosperms, Monocots, and Basal Eudicots. –
Annonaceae. This family is represented by twelve species
(including eleven endemic species) that are divided into six
genera. Annonaceae is a huge tropical botanical family that
encompasses more than 2000 species including several
comestible fruits (e.g., Annona squamosa and Annona
muricata) or plants used for perfumery (e.g., Cananga
odorata and Mkilua fragrans). Annonaceae are known to
contain polyphenols (including unusual C-benzylflavo-
noids), terpenes, acetogenins, and alkaloids (mainly from
the isoquinoline group) as shown in many publications
dedicated to these plants (e.g., [22] and [23]). They are also
frequently described in folk medicines [24] and numerous
species show strong bioactivities, such as insecticidal or
antitumoral activities [25] [26].

The chemistry of five species has been investigated in
New Caledonia: Xylopia pancheri, Xylopia vieillardii,
Meiogyne tiebaghiensis (syn.: Desmos tiebaghiensis), Hu-
bera nitidissima (syn.: Polyalthia nitidissima), and Gonio-
thalamus dumontetii. Thirteen isoquinoline alkaloids, in-
cluding an unusual morphinanedienone (pallidine; shown
in Fig. 2) were identified from M. tiebaghiensis [18] . X.
pancheri and H. nitidissima contain a great variety of
aporphine and isoquinoline alkaloids from benzylisoquino-
line and protoberberine groups, including four lindoldh-
amine derivatives (namely N,NÏ-dimethyllindoldhamine*,
isodaurisoline*, 7-O-methyllindoldhamine*, and 7’-O-
methyllindoldhamine*) that are presented in Fig. 2 [18]
[27] [28]. Only few biological tests were associated to those
studies despite that several classical drugs, such as mor-
phine, possess an isoquinoline skeleton. Indeed, only X.
pancheri demonstrated light peripherical vasodilatory
activity [18].

H. nitidissima also contains several flavonoids, such as
mangiferin (see Fig. 3) and quercetin derivatives. Leaves of
this plant contain a high concentration of mangiferin and
are considered as an important natural source for this
natural colorant and powerful antioxidant [29]. G. dumon-
tetii was also investigated for protein kinase inhibition
activity (DYRK1A and CDK1/cyclin B) for anticancer
perspectives or neurodegenerative treatment. It contains
aristolactams (namely velutinam, aristolactams AII and
AIIIa) and one lignan called (¢)-medioresinol (see Fig. 3).
Aristolactam AIIIa (see Fig. 2) is a strong inhibitor of
DYRK1A and CDK1/cyclin B showing IC50 values of
0.08 and 0.2 mm on these enzymes [30] [31]. Despite
strong evidence for the possible economical potential

1) Original compounds are tagged by an asterisk in the text and
figures.



Fig. 1. Phylogenetic tree of New Caledonian basal angiosperms and eudicot rosids realized with TreeGraph and data from APGIII (see the
Supporting Information2) for the entire phylogenetic tree of New Caledonian plant families). Chemical families encoutered in endemic species
are mentioned on the right. EO, essential oil. 0 Corresponds to complete absence of chemical knowledge for any endemic species of a family

(nothing is mentioned for families containing no endemic species).



of this family, especially for drug discovery and cosmetics,
the knowledge concerning the chemistry of New Caledo-
nian Annonaceae is scarce and should be further
studied.2)

Atherospermaceae. Nemuaron is a monospecific genus
and Nemuaron vieillardii is the only member of the family
Atherospermaceae in New Caledonia. This tree is found in
humid forests of the main island. Elsewhere in the world,
this family is known to produce phenolic compounds, such

as chalcones or flavanones, and to biosynthesize alkaloids,
mainly belonging to the isoquinoline group. Bisbenzyliso-
quinolines are even considered as chemical markers of this
family [20]. Barks and leaves of N. vieillardii were
investigated for their alkaloidal content. Consistent with
the chemotaxonomic knowledge presented above, this
study revealed the presence of numerous isoquinoline
alkaloids, such as laurotetanine, norisocorydine, atheroline,
and nemuarine*, an original bisbenzylisoquinoline [18].
The structures of these alkaloids are presented in Fig. 4.
N. vieillardii also produces anise smelling aromatic com-

Fig. 2. Structures of original and bioactive compounds isolated from Annonaceae

2) Supporting material is available upon request from the authors.

Fig. 3. Remarkable polyphenols isolated from Annonaceae

Fig. 4. Examples of alkaloids isolated from Atherospermathaceae



pounds. Thus, the plant is a potential source of essential oils
and could be of interest for the perfume industry. However,
according to our knowledge, no analysis of the essential oil
content of this plant has been reported yet.

Hernandiaceae. This family is represented in New
Caledonia by two genera and three species, including the
endemic plant Hernandia cordigera. Species from this
family, including Gyrocarpus americanus which is native to
New Caledonia, are described to contain lignans and
alkaloids [32] [33]. H. cordigera also produces several
characteristic lignans, such as 5’-methoxyyatein*, 5’-me-
thoxypodorhizol, and cubebininolide, that are presented in
Fig. 5, and aporphine alkaloids (e.g., cassythicine, nandi-
gerine, nantenine, hernagine, and ogiverine which are
presented in Fig. 6) [18].

Hernandia nymphaeifolia (ex Hernandia peltata) also
contains alkaloids including aporphine derivatives, togeth-
er with furanoid lignans which showed potent antiplatelet
aggregation activities and could potentially be used as
natural anticoagulants in the future [34]. Further biological
evaluation should be encouraged by the fact that aporphine
alkaloids and lignans, such as the antiprotozoal agent
lysicamine [35] or the anticancer agent aviculin [36], can
be highly active natural compounds. Otherwise, the heart
wood of H. cordigera has been exploited in the past for
carpentry and is also traditionally used in New Caledonia
for attracting and trapping chrysomelids (Monolepta semi-

violacea), an important pest for crop fields [37]. A
preliminary investigation of volatiles from this plant did
not allow us to explain this biological activity.

Lauraceae. The family Lauraceae is represented in New
Caledonia by six genera (including the endemic genus
Adenodaphne) and 48 species, all being endemic except
Cassytha filiformis. Lauraceae is an important tropical and
subtropical family in terms of diversity, comprising 30 to 50
genera and ca. 2000 species, but also from an economical
point of view, since it contains important species exploited
for timber (e.g., Ocotea bullata), food (e.g., Persea amer-
icana), or fragrances (e.g., Aniba rosaeodora). Phytochem-
icals in Lauraceae are diverse and include alkaloids (e.g.,
benzylisoquinoline and aporphine derivatives), essential
oils, polyphenols, and terpenoids [20] [38].

New Caledonian Lauraceae were first investigated for
their alkaloidal content (see original structures in Fig. 7).
In 1985, Tillequin, Koch et al. described the presence of two
new morphinane alkaloids with a saturated C-ring (oreo-
beiline* and 6-epioreobeiline*) together with known alka-
loids (wilsonirine, thaliporphine, isoboldine, and pallidine)
in Beilschmiedia oreophila [39]. Among the 19 endemic
Cryptocarya species that are referenced in New Caledonia,
five species were investigated for their chemical content.

Bioguided fractionation of a leaf extract of Cryptocarya
chartacea led to the isolation of pinocembrin and six new
mono- and dialkylated flavanones named chartaceones

Fig. 6. Examples of alkaloids isolated from Hernandiaceae

Fig. 5. Lignans isolated from H. cordigera



A* – F* (see Fig. 8). Chartaceones C* – F* show strong
inhibitory activities on the dengue virus RNA polymerase,
with IC50 values ranging from 1.8 to 4.2 mm, and thus could
lead to the discovery of a new antiviral drug [40].

Cryptocarya longifolia, Cryptocarya odorata, and Cryp-
tocarya oubatchensis contain many isoquinoline alkaloids,
such as antofine, laurotetanine, and laurolitsine, and
original structures, such as longifolidine* and longifolo-
nine* (see Fig. 7), which were isolated from C. longifolia
[18]. Thus, C. oubatchensis contains two original seco-
dibenzopyrrocoline alkaloids called cryptowolinol* and
cryptaustoline* (see Fig. 7). Cryptocarya phyllostemon also
was characterized by the presence of cryptowoline*,
phyllostemine*, phyllosteminine*, phyllosterone, phylloc-
ryptine*, and phyllocryptonine* (see Fig. 7) [18]. Velu-
cryptine* (see Fig. 7) was isolated from Cryptocarya

velutinosa [18]. The cytotoxic activities of some of these
compounds were evaluated against KB cells and revealed a
significant anticancer potential of antofine derivatives,
which displayed IC50 values ranging from 1 to 6.3 nm
[18] [41]. Otherwise, essential oil obtained from the wood
of Cryptocarya odorata was also studied and was charac-
terized by the presence of uncommon a-pyrone derivatives,
such as 6-heptyl-5,6-dihydro-2H-pyran-2-one [18].

Two of the 14 endemic Litsea species were also
investigated. Aporphinoid alkaloids, tetrahydroisoquino-
line, and an orphinane dienone alkaloid were isolated from
the leaves of Litsea lecardii. Corydine, glaucine, and N-
methylcoclaurine were isolated from the leaves of Litsea
triflora and were later found in other plant families as well
[18]. Other endemic Lauraceae have not been investigated
yet. Moreover, an extended evaluation of bioactivities of

Fig. 7. Original alkaloids isolated from Lauraceae

Fig. 8. Original flavonoids isolated from C. chartacea



these plants may lead to the discovery of new natural drugs
in view of the alkaloidal content of these plants. Also, some
species are highly aromatic and should be studied for
cosmetic perspectives.

Menispermaceae. Menispermaceae are represented in
New Caledonia by seven species (five endemic) and are
divided into four genera. Among the endemic species, only
Pachygone loyaltiensis (ex Pachygone vieillardii) has been
investigated. This plant is described as purgative in
Melanesian traditional pharmacopoeia. It is characterized
by dimeric alkaloids, such as daphnoline and daphnandrine
(see Fig. 9), together with other alkaloids that have not
been identified yet [18]. Otherwise, an original alkaloid
called hypserpine* (see Fig. 9) was isolated from the bark
of Hypserpa neocaledonica. Finally, the chemistry of
Stephania japonica has been investigated, mostly for
alkaloids of different groups (e.g., aknadicine and proto-
stephanine which are shown in Fig. 9) and for several
bioactivities, such as antimicrobial and multidrug resistance
reversing activities [42].

Monimiaceae. This family is represented in New
Caledonia by ten endemic species: Kibaropsis caledonica,
the only member of this genus, and nine Hedycarya species.
Other members of this family are known to contain
essential oil and various original and/or bioactive chem-
icals, such as alkaloids and butanolides [43]. In New
Caledonia, only Hedycarya baudouinii was investigated by
phytochemists. It contains a wide range of alkaloids,
including isoquinoline, pavine, and aporphine derivatives
including the original compound hedycarine* which is
shown in Fig. 10 [18]. Other Monimiaceae should be
investigated, at least for their alkaloidal content and to
search for new bioactive compounds.

Monocots. Among all studies on monocots (more than
500 species and 48% endemism) we could not find any
publication dealing with the chemistry of an endemic
species from New Caledonia. Indeed, the chemistry of
Appendicula reflexa, a native Orchidaceae, has been

investigated recently due to its anticancer potential [44].
A bioguided fractionation of this plant extract was
performed to find new compounds with anticancer or
antineurodegenerative potential. This study led to the
isolation of six phenanthrene derivatives, including two
novel derivatives, namely 2,3,5,6-tetramethoxyphenan-
threne-1,7-diol and blestrin E (see Fig. 11). The most
active compounds, 2,3,5,6-tetramethoxyphenanthrene-1,7-
diol and 3,4,6-trimethoxyphenanthrene-2,7-diol (see
Fig. 11), exhibited IC50 values of 0.07 and 0.2 mm on
CDK1/cyclin B, respectively [44]. Orchidaceae comprises
more than 200 species and half of them are endemic to New
Caledonia. All of these plants are strictly protected and
their chemical investigation should be associated with
horticultural multiplication to be considered.

Proteaceae. Proteaceae is an important tropical and
subtropical family. It contains ca. 2000 species that are
mostly concentrated in the southern hemisphere. In New
Caledonia, it is represented by 43 endemic species,
classified into nine genera. Only few species have been
investigated for their chemical content or economical
potential. Eleven original tropane alkaloids were isolated
from leaves of Eucarpha strobilina (ex Knightia strobilina):
acetylknightinol*, strobiline*, dihydrostrobiline*, knighto-
line*, knightinol*, 3a-(cinnamoyloxy)tropan-6-ol*, 6b-
(benzoyloxy)-3a-hydroxytropane (also found in Erythrox-
ylum spp.), strobamine*, chalcostrobamine*, strobola-
mine*, knightalbinol*, and knightolamine* [13] [45]. Two
examples of these structures are given in Fig. 12.

Fig. 9. Typical alkaloids encountered in Menispermaceae

Fig. 10. Original alkaloid isolated from H. baudouini



Other related original tropane alkaloids were also
isolated from leaves of Eucarpha deplanchei (ex Knightia
deplanchei): 2-benzyltropane-3,6-diol*, O-acetyl-2-benzyl-
tropanol*, 3-O-benzoyl-2-benzyltropanol*, 6-(benzoyl-
oxy)-2-(hydroxybenzyl)tropan-3-ol*, and 6-(benzoyloxy)-
3-(cinnamoyloxy)-2-(hydroxybenzyl)tropane* [18]. Origi-
nal cyclophanes from the turriane group were isolated from
Kermadecia elliptica: kermadecins A* – H* [46]. Kerma-
decins I* and J* and isokermadecins D* and F* were
isolated from the bark of Kermadecia rotundifolia [47].
Kermadecins A* and B* (see Fig. 13) showed significant
anticancer activities against L1210 and KB cells [46], while
kermadecins D* and F* and isokermadecin D* (see
Fig. 13) possess significant inhibitory effects on acetylcho-
linesterase [47].

Other members of this family, such as from the endemic
genera Beaupreopsis, Garnieria, Sleumerodendron, and
Virotia, are still untouched. Recently, fatty acids from
seeds of Grevillea exul var. rubiginosa and Alphitonia
neocaledonica (Rhamnaceae) have been investigated.
They are characterized by a high percentage of unsaturated
fatty acids and are even considered by the authors as a
promising source of w-5-monoenes that are uncommon in
the plant kingdom [48]. As shown in this article, the
investigation of the nutritive potential of seeds is also an
original axis for the research of economical valorization of
the New Caledonian flora. It could be extended to other
families. Finally, Grevillea spp., Beauprea spp., Virotia spp.,
and Stenocarpus milnei are under investigation by Stratoz
SAS and local research centers for their content of
manganese binders with industrial application in catalysis
for green chemistry. These investigations are closely
associated with revegetalization programs of damaged sites
after mining.

Winteraceae. Zygogynum is the only genus of this
family that is present in New Caledonia. It comprises 31
endemic species. S¦venet and Pusset revealed the uncom-
mon alkaloidal content of Zygogynum pauciflorum [18].
They isolated the original alkaloids called bubbialine* and

Fig. 12. Typical original tropane alkaloids encountered in endemic
Proteaceae

Fig. 11. Original and bioactive phenanthrene derivatives encountered in a native Orchidaceae species

Fig. 13. Examples of bioactive original cyclophanes isolated from Kermadecia spp.



bubbialidine* (see Fig. 14) which are structurally related to
nor-securinine, a compound that was previously isolated
from Euphorbiaceae.

Other phytochemical studies led to the isolation of four
original and bioactive tetralones, namely zygolone A*, 4’-
O-methylzygolone A*, 3’-deoxyzygolone A*, and isozygo-
lone A* (see Fig. 15), from Zygogynum stipitatum, Zygo-
gynum pancheri, Zygogynum acsmithii, and Zygogynum
baillonii [49]. These compounds expressed potent binding
activities on peroxisome proliferator-activated receptor-g
and thus could be potentially used for treatment of
diabetes. Tetralones also showed cytotoxic activities against
KB cancer cells with IC50 values ranging from 1.4 to 6.5 mm
[49].

In a second study, Allouche et al. isolated three addi-
tional original butanolides, (3S,4R,5S)-3-[(7Z)-hexadec-7-
en-1-yl]dihydro-4-hydroxy-5-methylfuran-2(3H)-one (1),
methyl (2S,9Z)-2-[(1R)-1-hydroxy-2-oxopropyl]octadec-

9-enoate (2), 3-[(7Z)-hexadec-7-en-1-yl]-4-hydroxy-5-me-
thoxy-5-methylfuran-2(5H)-one (3), which are shown in
Fig. 16, together with twelve drimane sesquiterpenes (six
new structures including the two examples shown in
Fig. 17) from Z. pancheri and Z. acsmithii [50]. Two
original drimanes, namely isodrimanial* and 1b-{[(E)-4-
methoxycinnamoyl]oxy}bemadienolide* (Fig. 17) were al-
so isolated from the bark of Z. baillonii [51].

Drimanes endowed with a dialdehyde functionality,
such as isodrimanial* that is shown in Fig. 17, showed
potent cytotoxic activities against KB, HL60, and HCT116
cancer cells (IC50 values ca. 1 mm) [51].

Eudicot Rosids. Fabiids. Calophyllaceae. This family
consists of four species in New Caledonia, half of them
being endemic, and comprises two genera. Pantropical
Calophyllum inophyllum (tamanou) has been widely
studied, especially for the oil obtained from its seeds which
proved to be vulnerary and cicatrizing. Calophyllolide,
inophyllum, and other complex polyphenols are considered
as responsible for such effects [52]. Moreover, inophyllums
showed inhibition of HIV-1 reverse transcriptase in cellulo,
with IC50 values ranging from 1.4 to 1.6 mm [53].

Otherwise, Calophyllum caledonicum contains charac-
teristic calolongic acid and caledonic acid* together with
twelve original xanthones, such as caledonixanthones A* –
M* (see Fig. 18) [54 – 56]. The latter compounds displayed

Fig. 14. Original alkaloids isolated from Winteraceae

Fig. 15. Original zygolone derivatives identified in Winteraceae

Fig. 16. Original butanolide derivatives identified in Winteraceae



antifungal and antimalarial activities [56] [57]. It could be
also interesting to investigate the coumarin content of
endemic Calophyllaceae, since they have been previously
identified in this family and are frequently described to
exhibit pharmacological and cosmetic potential [58] [59].

Celastraceae. This family is represented by 24 species,
including 21 endemics, and comprises seven genera (in-
cluding three endemics). Despite the originality of New
Caledonian Celastraceae, only two endemic species have
been investigated for their alkaloidal content yet. Peripter-
ygia marginata contains original cinnamoylspermidine
derivatives (namely periphylline*, dihydroperiphylline*,
isoperiphylline*, and neoperiphylline*) and Dicarpellum
pronyensis contains a-aminoalcohols together with uncom-
mon linear sympathomimetic alkaloids called dicarprines
A* – C* [18]. Examples of these structures are presented in
Fig. 19.

Also, Celastrus paniculatus, a traditional ayurvedic
medicinal plant used because of its various neuroactive
properties (e.g., memory enhancing, analgesic, and sedative
properties) has been studied, especially with regard to its

oil content [60]. Most of the New Caledonian members of
this family remain totally unexplored. In view of the results
obtains previously, Celastraceae represent an attractive
group for the discovery of new bioactive compounds.

Clusiaceae (ex Guttiferae) . This family is represented
in New Caledonia by 20 species and is divided into two
genera (Garcinia and the endemic genus Montrouziera).
Some Clusiaceae are majestic trees, such as Montrouziera
cauliflora, and can be used for joinery work. From a
chemical point of view, four of the 14 endemic Garcinia
species were shown to contain xanthones that are related to
various biological activities, such as antimalarial and
antileishmanial activities [56] [60 – 64]. Examples of orig-
inal and bioactive xanthones are given in Fig. 20.

Five new depsidones (garcinisidones B* – F*) were
isolated from Garcinia neglecta and Garcinia puat (var.
puat). These compounds expressed antiviral activities
against the Epstein – Barr virus and potential for cancer
chemoprevention [61]. Garcinia vieillardii also contained
numerous xanthones, such as pancixanthones A and B,
isocudraniaxanthones A and B, original vieillardiixan-

Fig. 17. Original bioactive drimane sesquiterpenes isolated from Winteraceae

Fig. 18. Examples of acids and original xanthones encountered in Calophyllaceae

Fig. 19. Original and unusual alkaloids encountered in Celastraceae



thones A* – C* (see Fig. 20), and 5,6-di-O-methyl-2-dep-
renylrheediaxanthone*, together with two benzophenones,
namely clusiachromene and 3-geranyl-2,4,6-trihydroxyben-
zophenone [57] [62] [63].

Garcinia virgata, which has been studied out of
cosmetic interest, contains various xanthones, including
the novel virgataxanthones A* and B* and the cytotoxic
anti-KB guttiferones I and J* (see Fig. 20). It also produces
original formylated tocotrienols* (see Fig. 21), together

with b- and d-tocotrienol, and benzophenones, such as
cotoin [64] [65]. Another study focused on tocotrienol
derivatives from Garcinia amplexicaulis and confirmed the
great interest in this genus from cosmetic perspectives due
to antiangiogenic activity [66]. Finally, a new xanthone
called montrouxanthone* and a dihydroisocoumarin, mon-
troumarin* (see Fig. 20), along with the two known
compounds 1,3,5-trihydroxy-4-(3,7-dimethylocta-2,6-dien-
1-yl)-9H-xanthen-9-one and kaerophyllin, were isolated
from Montrouziera sphaeroidea [67]. Other Montrouziera
species have not been investigated yet.

Cunoniaceae. Despite the wide diversity and originality
of the Cunoniaceae in New Caledonia, only little is known
about the chemistry of these plants. This family is
represented by 90 species, all being endemic, and comprises
four genera (including two endemic genera: Codia and
Pancheria). Fogliani and co-workers studied various bio-
logical activities of 50 Cunoniaceae crude extracts, such as
antimicrobial, anti-inflammatory, or antidiabetical activi-
ties, searching for inhibitors of xanthine oxidase and
scavengers of superoxide anions. They demonstrated the
presence of ellagitannins (ellagic acid 4-O-b-d-xylopyrano-
side, mallorepanin, and mallotinic acid along with corilagin,
chebulagic acid, ellagic acid, and gallic acid) with anti-

Fig. 20. Examples of original xanthones isolated from Garcinia spp.

Fig. 21. Original and bioactive tocotrienol derivatives isolated from
Clusiaceae



microbial activity in Cunonia macrophylla [68 – 70]. Fur-
ther investigations are necessary to find out whether the
local unusual botanical diversity of this group (30% of
Cunoniaceae species being endemic to New Caledonia) is
related to an original chemical composition.

Euphorbiaceae. This family is highly represented in
New Caledonia: 19 genera that consist of 72 species (58
endemics). Other Euphorbiaceae are also of high econom-
ic importance throughout the world. Indeed, their chemical
investigation led to the discovery of many active com-
pounds and several of them, such as prostratin and
jatrophane, are now commercialized as drugs [71]. To
assess their important pharmacological potential, we
should mention that Euphorbiaceae species are often cited
by traditional healers in New Caledonia as in other
countries [24].

However, only few species were chemically investigat-
ed: the genus Croton is frequently described in the
literature as a rich source of biologically active compounds,
such as compounds showing antiulcer, antitumor, and co-
carcinogenic activities. In New Caledonia, this genus is
represented by two species, and one of them has been
investigated. Several original diterpenes, including the new
trachylobanes crotinsularin and crotinsulactone, and the
new clerodane-type terpenoids furocrotinsulolides A and
B, and a new phenolic disaccharide (3,4-dimethoxyphenyl
rutinoside) were isolated from the non-endemic species
Croton insularis [72]. The structures are shown in Fig. 22.

Also, Macaranga vedeliana has been studied by ethno-
pharmacologists. This plant is used by traditional Kanak
healers to relieve pain and cure tonsillitis. Chemical
investigations of the leaves of M. vedeliana led to the
discovery of macarangin, a geranyl-substituted flavonol,
and vedelianine, a hexahydroxanthene derivative, that
have been found later in other Macaranga spp. [73] [74].
Other pantropical species have been studied, for example
Excoecaria agallocha, which contains numerous original
terpenoids, such as seco-labdane diterpenes of the excoe-
carin series and phorbol esters (e.g., [75] and [76]).
Otherwise, the bioguided fractionation of bark extracts
from Trigonostemon cherrieri led to the isolation of
antiviral O-bearing daphnane diterpenoid orthoesters with
an uncommon chlorinated moiety: trigocherrins A* – F*
and trigocherriolides A* – D* [77] [78]. Examples of these
compounds are presented in Fig. 22. These results confirm
the interest in terpenoids from Euphorbiaceae, especially
for the search of antiviral compounds [71]. Other species,
such as Homalanthus spp., that are described in the
traditional Kanak pharmacopoeia proved to be active in
preliminary biological screening and should be subjected to
further investigations.

Chemical investigations of Euphorbiaceae can also be
oriented toward other goals. Codiaeum peltatum and
Fontainea pancheri are known to be strongly refused by
herbivorous animals. A chemical investigation of F. pan-
cheri led to the identification of a new guanidine-type

Fig. 22. Examples of significant bioactive and original terpenoids encountered in Euphorbiaceae



alkaloid: fontaineine [79]. This indication may lead to the
discovery of other interesting toxic compounds in C.
peltatum. The family Euphorbiaceae also contains aromatic
plants which could be investigated for potential use in
perfumery (e.g., flowers of Baloghia spp.). Cocconerion
balansae, famous in New Caledonia for its bloody sap, may
contain flavonoids or coumarins but no scientific publica-
tion is available concerning this plant. We are convinced
that this group should be further investigated due to
cosmetic and pharmacological potential.

Linaceae. This family is represented in New Caledonia
by six Hugonia species, all but one being endemic. Absou-
line*, an original alkaloid presented in Fig. 23, and four
other pyrrolizidin alkaloids were isolated from Hugonia
oreogena and Hugonia penicillanthemum [18]. Pyrrolizidin
alkaloids might be synthetized by plants to protect
themselves against herbivores and were frequently report-
ed to be responsible for plant toxicity [80].

Rhizophoraceae. Rhizophoraceae is represented in
New Caledonia by twelve species (five endemic) and is
divided into four genera. These plants comprise the
mangroves and thus, are restricted to an extreme environ-
ment. The particular edaphic conditions related to Rhizo-
phoraceae could also affect their chemical composition.
Among the five endemic species that are listed in New
Caledonia, three of them belong to the genus Crossostylis :
Crossostylis biflora, Crossostylis multiflora, and Crossosty-
lis sebertii. Each of them contains alkaloids, such as hygrine
and tropanol derivatives, including the uncommon disulf-
urated brugine (see Fig. 24), an alkaloid that has been
found only in Rhizophoraceae [18]. To the best of our
knowledge, no other species have been investigated
regarding their chemical content.

Salicaceae (ex Flacourtiaceae) . Salicaceae are repre-
sented in New Caledonia by 56 species, all but one being
endemic, and are divided into four genera. Homalium
encompasses 18 species and one of them, Homalium
guillainii (ex Homalium pronyense), has been studied.
Four alkaloids with a macrocyclic spermidine structure

were isolated from the leaves of this plant (see structures in
Fig. 25): homaline, hopromine*, hopromalinol*, and ho-
prominol* [18].

Other members of this family may contain original and/
or bioactive compounds. We think that this group should
receive more attention from phytochemists, especially the
endemic Lasiochlamys genus that contains eleven species.
Casearia silvana, Lasiochlamys peltata, and Xylosma vin-
centii were studied for their Ni content [81]; these species
synthetize special binders of Ni, such as a citrate-complex
form [82]. These organometallic complexes are of high
interest since they are used to improve the yield and
stereoselectivity of chemical synthesis [83].

Violaceae. This family is represented in New Caledonia
by nine species, all being endemic, and is divided into two
genera. Only one species was studied: Hybanthus austro-
caledonicus. A new hopane-type triterpenoid, 3-epiwood-
wardinic acid* (see Fig. 26) together with other previously
isolated compounds, such as 24-methylidene cycloarte-
none, 24-methylidene cycloartenol, b-sitostanone, 21b-
hydroxycaloncobalactone, and daucosterol, were isolated
from the leaf extract of this plant [84].

Moreover, H. austrocaledonicus is known as hyper
Ni-accumulating species and shown to contain several
metabolites synthetized especially for heavy metal chela-
tion [85].

Malvids. Meliaceae. This family is represented in New
Caledonia by 13 species, including eight endemics, and is
divided into four genera. Two Dysoxylum spp. have been
studied and both contain bioactive terpenoids. Dysoxylum
macranthum contains eleven original tirucallane-type tri-
terpenes, dymacrins A* – K* (see examples in Fig. 27),
together with two previously described tetracyclic triter-
penes and two known pregnane steroids [86]. Dymacrins
B*, C*, H*, and J* showed moderate cytotoxic activities
against KB cells (IC50 values between 1 and 8.3 mg ml¢1).
Five new apotirucallane derivatives, dysorones A* – E*,

Fig. 24. Original sulfurated tropane alkaloid found in Rhizophoraceae

Fig. 23. Original alkaloid found in Hugonia spp.

Fig. 25. Alkaloids isolated from Salicaceae

Fig. 26. Original hopane triterpene isolated from H. austrocaledonicus



were isolated from the leaves of Dysoxylum roseum
together with b-sitosterol. Dysorone E* (see Fig. 27), the
major compound, exhibited anti KB activity (IC50

3.5 mg ml¢1) [87]. Other Dysoxylum species may contain
further original bioactive triterpenes.

Myrtaceae. This family is the most represented in New
Caledonia. It contains 22 genera, including six endemics,
and 257 species, only three being non-endemic: Melaleuca
quinquenervia, Sannantha virgata, and Syzygium mala-
ccense. Myrtaceae are often described in the literature for
containing essential oils, terpenes, and flavonoids [88].
Despite the importance of this group, only a few species
have been investigated yet. For example, we were unable to
find any publication concerning the endemic Syzygium spp.
although Syzygium is the third most important genus in
New Caledonia (71 species).

Volatiles from several endemic species have been
analyzed. Thus, the essential oils obtained from the leaves
of all seven endemic Melaleuca species were analyzed.
They were shown to contain high amounts of mono- and
sesquiterpene hydrocarbons [89]. Essential oils from
endemic species were significantly different from the one
obtained from M. quinquenervia (niaouli) which is known
to contain various sesquiterpene alcohols and to exhibit
antimicrobial activity [90] [91]. Essential oils obtained
from three Eugenia species have also recently been
analyzed for chemotaxonomical reasons [92]. Thus, Euge-
nia gacognei, Eugenia horizontalis, and Eugenia noumeen-
sis were shown to contain acetophenone derivatives
together with mono- and sesquiterpenes [92]. Finally, leaf
essential oil from Arillastrum gummiferum, the only
member of the endemic genus Arillastrum, has been
investigated: it contains limonene (80%), other monoter-
penes, such as a- and b-pinene, and caryophyllene was the
major sesquiterpene [93]. We should notice that this tree is
characteristic for some of the biotopes we can observe on
serpentine soils, forming Ðmonospecific forestsÏ in some
cases. It has been extensively exploited in the past for
carpentry, seeing its population highly reduced, and is now
threatened by mining activities (see www.oeil.nc). This tree
should be integrated into reforestation plans and a better
knowledge of its chemistry could give supplementary
reasons for that.

The chemistry of three Tristaniopsis species (Trista-
niopsis callobuxus, Tristaniopsis yateensis, and Tristaniopsis
glauca) is also described in the literature. They contain
ellagic acid and another original tannin called 3,4,5-
trimethoxyphenyl (6-O-galloyl)-b-d-glucopyranoside [94].
These plants demonstrated in vitro antiplasmodial activ-
ities. Ellagic acid and glycoside A3A were identified as
antimalarial active compounds (IC50 0.5 and 3.2 mm, resp.)
and exhibited very low cytotoxic activities on human skin
fibroblast cells and HepG2 [94] [95]. Recently, bioguided
fractionation of leaf extract from Carpolepis laurifolia for
antiviral activity against DENV has led to the isolation of
betulinic acid and five apigenin derivatives, including an
unusual C-methylapigenin [96].

Other species may contain valuable chemicals, such as
polyphenols with antioxidant or dying properties. Also,
fruit chemistry seems to be interesting in this family since
several species (e.g., from Eugenia and Syzygium genera)
produce aromatic and tasty fruits.

Rutaceae. This family is represented in New Caledonia
by 86 species, including 77 endemics, and is divided into 22
genera. Rutaceae is widely known for its alkaloid-contain-
ing genera. More than 60 alkaloids were isolated from
Boronella, Melicope, Sarcomelicope, Myrtopsis, Geijera,
Comptonella, Dutaillyea, Zanthoxylum, or Flindersia spe-
cies [18] [97]. Some of these compounds, such as acrony-
cine derivatives, showed potent antitumor activities. Some
examples representing the diversity of the original struc-
tures found in New Caledonian species are presented in
Fig. 28.

Alkaloids from Rutaceae are furoquinoline, acrony-
dine, acronycine, acridone, or indole derivatives and there-
fore should be associated with many bioactivities. How-
ever, only few biological evaluations of these plants have
been published. Otherwise, coumarins were isolated from
several New Caledonian species: ramosin, myrsellin*, and
myrsellinol* (see Fig. 29) were isolated from leaves of
Myrtopsis sellingii and Myrtopsis corymbosa [18] [98].
Other previously described coumarins are also represented
in Myrtopsis spp., such as bergapten, phellopterin, seselin,
and osthol, this class of compounds is showing cosmetic
potential, such as for sun-protection [99]. These plants also
contain unusual alkaloids such as myrtopsine and 8-

Fig. 27. Examples of original bioactive triterpenes isolated from Meliaceae



methoxyflindersine* (see Fig. 28), triterpenes, and sterols
(lupeol and sitosterol) [18].

Despite the fact that Rutaceae express a high econom-
ical potential, these plants remain widely unexplored. Also,
no investigation of the volatiles from any endemic species
has been done yet, despite the fact that oil bodies beneath
their leaves are characteristic for Rutaceae. Moreover,
endemic Rutaceae are mostly represented on serpentine
soils and should be further investigated to find new
economic justifications for their integration into revegetal-
ization programs after mining prospection and exploita-
tion.

Sapindaceae. This family is represented in New Cale-
donia by 71 species, including 65 endemics, and is divided
into 14 genera. Triterpenoid saponins and acylated prosa-
pogenins were isolated from stem bark of Harpullia
austrocaledonica [17] [100]. Four original acylated farnesyl
diglycosides called crenulatosides A* – D* (see one exam-

ple in Fig. 30) were isolated from leaves of Guioa crenulata
[101].

Otherwise, linear triterpenes called cupaniopsins A* –
E* were isolated from barks of Cupaniopsis azantha,
Cupaniopsis phalacrocarpa, and Cupaniopsis trigonocarpa
and were evaluated for their activities against peroxisome
proliferator-activated receptor-g (PPAR-g) [102]. The
most potent compound, cupaniopsin A* (Ki 15 nm), is
presented in Fig. 30. As Guioa gracilis extracts are used in
cosmetics and pharmaceutical preparations for treatment
of skin aging [103], Guioa crenulata and Guioa villosa were
subjected to bioguided fractionation for tyrosinase inhib-
itory activity. This study led to the isolation of seven
farnesyl diglycosides called crenulatosides A* – G* (see
two examples in Fig. 30), flavonoids, one trimeric proan-
thocyanidin, two triterpenes, and a cerebroside called
soyacerebroside I (see Fig. 30) which appeared to be a
potent tyrosinase inhibitor [104].

Fig. 28. Examples for significative diversity of original alkaloids isolated from Rutaceae

Fig. 29. Original and unusual coumarins encountered in Rutaceae



Simaroubaceae. Simaroubaceae are represented in New
Caledonia by eleven endemic Soulamea species. According
to the literature available on this family [105] [106], the
investigation of endemic Soulamea species led to the
isolation of numerous quassinoids: picrasin B and 6-
hydroxypicrasin B* from Soulamea pancheri [107], isobru-
cein A* and soulameolide (also found in Quassia indica)
and antileukemic soularubinone* from Soulamea tomento-

sa [108 – 110], soulameanone*, 1,12-diacetylsoulameanone,
and D2-picrasin B* from Soulamea muelleri [111]. Finally,
the study on Soulamea fraxinifolia led to the isolation of a
coumarin (scopolerol), two alkaloids (1-(2-hydroxyethyl)-
b-carboline*, and pavettine*), and quassinoids (includ-
ing D2-picrasin B* and isobrucein A*) [112]. Original
compounds isolated from this family are presented in
Fig. 31.

Fig. 30. Examples of original and bioactive sesquiterpene and triterpene derivatives isolated from Sapindaceae

Fig. 31. Original compounds isolated from Simaroubaceae



Strasburgeriaceae. This family is only represented by
the endemic species Strasburgeria robusta. Three known
saponins were isolated from the stem bark of this plant: 1-
O-(24-hydroxytormentoyl) glucopyranoside and nigaichi-
gosides F1 and F 2 [113]. No biological test was associated
with this study, but related saponins previously showed
pharmacological activities and more generally, saponins are
associated with various traditional and industrial applica-
tions, such as for fish poisoning and production of steroid
hormones for the pharmaceutical industry [114]. Also, an
improved knowledge of the chemistry of S. robusta could
allow a better understanding of its isolated and ancestral
position in the phylogenic tree (see Fig. 1).

Thymelaeaceae. This family is represented in New
Caledonia by 19 species, all but one being endemic. New
Caledonian Thymelaeaceae are divided into four genera,
including the two endemic Deltaria and Solmsia. Only one
endemic species was studied in New Caledonia: Lethedon
salicifolia (ex Lethedon tannensis).

Investigation of a leaf extract from this plant led to
isolation of several 5-hydroxy-7-methoxyflavones and
glycoside derivatives, including original lethedosides A* –
C*, lethediosides A* and B*, and lethedocin* (see struc-
tures in Fig. 32). These flavones showed cytotoxic activities
against human nasopharynx carcinoma KB cells
[115] [116]. This family remains vastly unexplored, espe-
cially regarding the endemic genera Deltaria and Solmsia
that are dedicated to serpentine soil and thus are especially
threatened by mining activities and degradations.

Conclusions. – As shown in several recent review
articles, natural products offer new perspectives for indus-
trial innovations, such as for pharmaceutical or cosmetic
applications. This renew of interest in natural compounds is
both related to ecological preoccupations and to the great
extent of tools available for phytochemical studies [117].
As an example, coupling possibilities offered by new
chromatographic instruments, such as 2D-LC associated
with HR-MS or NMR with high throughput screenings and
modern informatics software, allowed the beginning of
efficient complex mixture studies (metabolomics, syner-
gies, etc.). We hope that this new economic interest in
natural compounds will encourage the protection of
particular original biotopes called Ðhot spotsÏ and of the
New Caledonian flora.

This review compiles published data concerning the
chemistry of New Caledonian basal angiosperms (14
families, 176 species including 160 endemics), monocots
(29 families, 572 species including 276 endemics), and
eudicot rosids (56 families, 1287 species including 1093
endemics). We focused on endemic species and present an
update of original compounds that can be considered as
specific to New Caledonian flora. We also highlighted
economic perspectives for these natural compounds and
endemic plants. Thus, this review compiles data provided
by 60 articles dealing specifically with chemical investiga-
tions of endemic basal angiosperms and eudicot rosids and
includes more than 60 previous articles also dedicated to
these plants cited in a previous review by S¦venet and
Pusset.

According to the bibliography we summarized here, we
identified 225 original compounds that are specific to New
Caledonian endemic species. Until now, phytochemical
research mainly focused on alkaloids and terpenoids,
leading to the discovery of 83 and 47 original structures,
respectively3). This is clearly linked to the research of
bioactive compounds for pharmaceutical applications. This
review highlighted the economic potential of several plants,
such as from Annonaceae, Clusiaceae, and Rutaceae
families. In most cases, a lot of work remains to be done
before industrial application. However, for some plants
that contain heavy metal binders, the chemical synthesis of
these compounds is studied, and they should be soon
exploited for industrial utilization. This project is closely
associated with revegetalization of serpentine soils and is a
perfect example of the economic potential of the New
Caledonian plant diversity. It illustrates the necessity to
protect the New Caledonian flora and to pursue its
chemical investigation.

Several families that proved to contain interesting and/
or original compounds are still largely unexplored, for
example Euphorbiaceae, Myrtaceae, and Celastraceae.
Many groups have remained completely untouched despite
the fact that several of them seem to be particularly
attractive for phytochemical investigations. Though A.
trichopoda is considered as the most basal flowering plant

Fig. 32. Original flavone derivatives isolated from L. salicifolia

3) Compounds are considered as originals when encountered only in
a restricted number of endemic species stemming from a unique
genus.



in the world, no chemical investigation of this plant has
been performed yet. However, such an investigation could
lead to interesting results for chemotaxonomy and plant
evolution. Also, none of the endemic monocots has been
investigated yet. Finally, Chloranthaceae (three endemic
species), Piperaceae (15 species including eight endemics),
Elaeocarpaceae (47 species including 44 endemics), Pic-
rodendraceae (18 species including 17 endemics), and
Phyllanthaceae (120 species including 113 endemics) which
have not been investigated either, are, according to our
opinion, prime targets for the search of original and
bioactive compounds.

The authors are thankful to all researchers working for increasing
the knowledge of New Caledonian plants and promoting their
protection, to those we had the chance to work with and to the others
that have inspired us. We express our special thanks to botanists and
ecologists T. Jaffr¦, J. Munzinger, P. Birnbaum, V. Hequet, T. Ibanez,
and L. Barrab¦ who helped us during this work. We are also grateful to
A. Fourney and the reviewers who accepted to read and comment this
manuscript.

REFERENCES

[1] T. Eisner, J. Meinwald, Chemoecology 1990, 1, 38.
[2] ÐEcosystems and Human Well-Being: Current State and TrendsÏ,

Eds. R. M. Hassan, R. Scholes, N. Ash, Island Press, Washington,
2005.

[3] J. Clardy, C. Walsh, Nature 2004, 432, 829.
[4] G. A. Cordell, Phytochemistry 2000, 55, 463.
[5] T. Chapman, Nature 2004, 430, 109.
[6] J.-Y. Ortholand, A. Ganesan, Curr. Opin. Chem. Biol. 2004, 8, 271.
[7] R. A. Mittermeier, P. R. Gil, M. Hoffmann, T. Brooks, C. G.

Mittermeier, J. Lamoreux, G. A. B. da Fonseca, Ð Hotspots: EarthÏs
Biologically Richest and Most Endangered Terrestrial Ecore-
gionsÏ, Ed. Agrupacion Sierra Madre S. C., Cemex, Mexico City,
2004.

[8] D. Laurent, F. Pietra, Chem. Biodiversity 2004, 1, 539.
[9] P. Morat, T. Jaffr¦, F. Tronchet, J. Munzinger, Y. Pillon, J.-M.

Veillon, M. Chalopin, P. Birnbaum, F. Rigault, G. Dagostini, J.
Tinel, P. P. Lowry II, Adansonia 2012, 34, 179.

[10] N. Myers, Environmentalist 1988, 8, 187.
[11] C. Auclair, Arch. Biochem. Biophys. 1987, 259, 1.
[12] A. Ahond, H. Fernandez, M. Julia-Moore, C. Poupat, V. S�nchez,

P. Potier, S. K. Kan, T. S¦venet, J. Nat. Prod. 1981, 44, 193.
[13] M. Lounasmaa, J. Pusset, T. S¦venet, Phytochemistry 1980, 19, 949.
[14] D. D. Khac, J. Bastard, M. Fetizon, Phytochemistry 1979, 18, 1839.
[15] P. Coulerie, C. Eydoux, E. Hnawia, L. Stuhl, A. Maciuk, N.

Lebouvier, B. Canard, B. FigadÀre, J.-C. Guillemot, M. Nour,
Planta Med. 2012, 78, 672.

[16] F. Gu¦ritte-Voegelein, T. S¦venet, J. Pusset, M.-T. Adeline, B.
Gillet, J.-C. Beloeil, D. Gu¦nard, P. Potier, R. Rasolonjanahary, C.
Kordon, J. Nat. Prod. 1992, 55, 923.

[17] L. Voutquenne, P. Guinot, C. Froissard, O. Thoison, M. Litaudon,
C. Lavaud, Phytochemistry 2005, 66, 825.

[18] T. Sevenet, J. Pusset, in ÐThe Alkaloids: Chemistry and Pharma-
cologyÏ, Ed. G. A. Cordell, Academic Press, London, 1996, Vol. 48,
pp. 1 – 73.

[19] APG III, Bot. J. Linn. Soc. 2009, 161, 105.
[20] Taylor and Francis Group, ÐDictionary of Natural ProductsÏ, http://

dnp.chemnetbase.com, 2014.
[21] P. Coulerie, C. Poullain, Chem. Biodiversity 2015, 12, 841.
[22] M. Leboeuf, A. Cav¦, P. K. Bhaumik, B. Mukherjee, R. Mukher-

jee, Phytochemistry 1980, 21, 2783.

[23] A. Bermejo, B. FigadÀre, M.-C. Zafra-Polo, I. Barrachina, E.
Estornell, D. Cortes, Nat. Prod. Rep. 2005, 22, 269.

[24] ÐPhytochemistry of Plants Used in Traditional MedicineÏ, Eds. K.
Hostettmann, A. Marston, M. Maillard, M. Hamburger, Claren-
don Press, Oxford, 1995.

[25] R. S. Rattan, Crop Prot. 2010, 29, 913.
[26] N. Aminimoghadamfarouj, A. Nematollahi, C. Wiart, J. Asian Nat.

Prod. Res. 2011, 13, 465.
[27] A. Jossang, M. Lebœuf, P. Cabalion, A. Cav¦, Planta Med. 1983,

49, 20.
[28] R. Hocquemiller, C. Debitus, F. Roblot, A. Cav¦, H. Jacquemin, J.

Nat. Prod. 1984, 47, 353.
[29] M. Toussirot, W. Nowik, E. Hnawia, N. Lebouvier, A.-E. Hay, A.

de la Sayette, M.-G. Dijoux-Franca, D. Cardon, M. Nour, Dyes
Pigm. 2014, 102, 278.

[30] G. Marti, V. Eparvier, B. Morleo, J. Le Ven, C. Apel, B. Bodo, S.
Amand, V. Dumontet, O. Lozach, L. Meijer, F. Gu¦ritte, M.
Litaudon, Molecules 2013, 18, 3018.

[31] S. Omar, C. L. Chee, F. Ahmad, J. X. Ni, H. Jaber, J. Huang, T.
Nakatsu, Phytochemistry 1992, 31, 4395.

[32] V. Lakshmi, K. Pandey, S. K. Mishra, S. Srivastava, M. Mishra,
S. K. Agarwal, Rec. Nat. Prod. 2009, 3, 1.

[33] M.-C. Chalandre, J. Bruneton, P. Cabalion, H. Guinaudeau, J. Nat.
Prod. 1986, 49, 101.

[34] J.-J. Chen, Y.-L. Chang, C.-M. Teng, I.-S. Chen, Planta Med. 2000,
66, 251.

[35] H. M. Malebo, T. Wenzler, M. Cal, S. M. Swaleh, M. O. Omolo, A.
Hassanali, U. S¦quin, D. H�ussinger, P. Dalsgaard, M. Hamburger,
R. Brun, I. O. Ndiege, BMC Complem. Altern. Med. 2013, 13, 48.

[36] M. Saleem, H. J. Kim, M. S. Ali, Y. S. Lee, Nat. Prod. Rep. 2005, 22,
696.

[37] C. Mille, ÐAnimaux nuisibles et utiles des jardins et vergers de
Nouvelle-Cal¦donieÏ, Soci¦t¦ Entomologique de Nouvelle-Cal¦-
donie, Noum¦a, 2011.

[38] D. L. Custýdio, V. FlorÞncio da Veiga Junior, RSC Adv. 2014, 4,
21864.

[39] F. Tillequin, M. Koch, J. Pusset, G. ChauviÀre, Heterocycles 1985,
23, 1357.

[40] P.-M. Allard, E. T. H. Dau, C. Eydoux, J.-C. Guillemot, V.
Dumontet, C. Poullain, B. Canard, F. Gu¦ritte, M. Litaudon, J.
Nat. Prod. 2011, 74, 2446.

[41] A. Toribio, A. Bonfils, E. Delannay, E. Prost, D. Harakat, E.
Henon, B. Richard, M. Litaudon, J.-M. Nuzillard, J.-H. Renault,
Org. Lett. 2006, 8, 3825.

[42] D. K. Semwal, R. Badoni, R. Semwal, S. K. Kothiyal, G. J. P. Singh,
U. Rawat, J. Ethnopharmacol. 2010, 132, 369.

[43] G. G. Leit¼o, N. K. Simas, S. S. V. Soares, A. P. P. de Brito, B. M. G.
Claros, T. B. M. Brito, F. Delle Monache, J. Ethnopharmacol. 1999,
65, 87.

[44] C. Apel, V. Dumontet, O. Lozach, L. Meijer, F. Gu¦ritte, M.
Litaudon, Phytochem. Lett. 2012, 5, 814.

[45] M. Lounasmaa, J. Pusset, T. S¦venet, Phytochemistry 1980, 19, 953.
[46] C. Jolly, O. Thoison, M.-T. Martin, V. Dumontet, A. Gilbert, B.

Pfeiffer, S. L¦once, T. S¦venet, F. Gu¦ritte, M. Litaudon,
Phytochemistry 2008, 69, 533.

[47] M. A. Beniddir, A.-L. Simonin, M.-T. Martin, V. Dumontet, C.
Poullain, F. Gu¦ritte, M. Litaudon, Phytochem. Lett. 2010, 3, 75.

[48] I. Bombarda, C. Zongo, C. R. McGill, P. Doumenq, B. Fogliani, J.
Am. Oil Chem. Soc. 2010, 87, 981.

[49] N. Allouche, B. Morleo, O. Thoison, V. Dumontet, O. Nosjean,
F. Gu¦ritte, T. S¦venet, M. Litaudon, Phytochemistry 2008, 69,
1750.

[50] N. Allouche, C. Apel, M.-T. Martin, V. Dumontet, F. Gu¦ritte, M.
Litaudon, Phytochemistry 2009, 70, 546.

[51] D. Fomekong Fotsop, F. Roussi, C. Le Callonec, H. Bousserouel,
M. Litaudon, F. Gu¦ritte, Tetrahedron 2008, 64, 2192.

[52] A. C. Dweck, T. Meadows, Int. J. Cosmetic Sci. 2002, 24, 341.



[53] A. D. Patil, A. J. Freyer, D. S. Eggleston, R. C. Haltiwanger, M. F.
Bean, P. B. Taylor, M. J. Caranfa, A. L. Breen, H. R. Bartus, J.
Med. Chem. 1993, 36, 4131.

[54] C. Morel, D. S¦raphin, J.-M. Oger, M. Litaudon, T. S¦venet, P.
Richomme, J. Bruneton, J. Nat. Prod. 2000, 63, 1471.

[55] C. Morel, A.-E. Hay, M. Litaudon, T. S¦venet, D. S¦raphin, J.
Bruneton, P. Richomme, Molecules 2002, 7, 38.

[56] C. Morel, D. S¦raphin, A. Teyrouz, G. Larcher, J.-P. Bouchara, M.
Litaudon, P. Richomme, J. Bruneton, Planta Med. 2002, 68, 41.

[57] A.-E. Hay, J.-J. H¦lesbeux, O. Duval, M. Laba�ed, P. Grellier, P.
Richomme, Life Sci. 2004, 75, 3077.

[58] K. N. Venugopala, V. Rashmi, B. Odhav, Biomed. Res. Int. 2013,
2013, 963248.

[59] C. Spino, M. Dodier, S. Sotheeswaran, Bioorg. Med. Chem. Lett.
1998, 8, 3475.

[60] D. K. Patel, K. S. Amin, D. D. Nanavati, Indian Drugs 1995, 32,
119.

[61] C. Ito, M. Itoigawa, Y. Mishina, H. Tomiyasu, M. Litaudon, J.-P.
Cosson, T. Mukainaka, H. Tokuda, H. Nishino, H. Furukawa, J.
Nat. Prod. 2001, 64, 147.

[62] A.-E. Hay, M.-C. Aumond, S. Mallet, V. Dumontet, M. Litaudon,
D. Rondeau, P. Richomme, J. Nat. Prod. 2004, 67, 707.

[63] A.-E. Hay, J. Merza, A. Landreau, M. Litaudon, F. Pagniez, P.
Le Pape, P. Richomme, Fitoterapia 2008, 79, 42.

[64] J. Merza, M.-C. Aumond, D. Rondeau, V. Dumontet, A.-M.
Le Ray, D. S¦raphin, P. Richomme, Phytochemistry 2004, 65, 2915.

[65] J. Merza, S. Mallet, M. Litaudon, V. Dumontet, D. S¦raphin, P.
Richomme, Planta Med. 2006, 72, 87.

[66] A. Lavaud, P. Richomme, M. Litaudon, R. Andriantsitohaina, D.
Guilet, J. Nat. Prod. 2013, 76, 2246.

[67] C. Ito, Y. Mishina, M. Litaudon, J.-P. Cosson, H. Furukawa,
Phytochemistry 2000, 53, 1043.

[68] B. Fogliani, S. Boura�ma-Madjebi, R. Pineau, P. Cabalion, Pharm.
Biol. 2002, 40, 526.

[69] B. Fogliani, S. Boura�ma-Madjebi, V. Medevielle, R. Pineau, New
Zeal. J. Bot. 2002, 40, 511.

[70] B. Fogliani, P. Raharivelomanana, J.-P. Bianchini, S. Boura�ma-
MadjÀbi, E. Hnawia, Phytochemistry 2005, 66, 241.

[71] A. Vasas, D. R¦dei, D. Csupor, J. Moln�r, J. Hohmann, Eur. J. Org.
Chem. 2012, 5115.

[72] K. Graikou, N. Aligiannis, A.-L. Skaltsounis, I. Chinou, S. Michel,
F. Tillequin, M. Litaudon, J. Nat. Prod. 2004, 67, 685.

[73] O. Thoison, E. Hnawia, F. Gui¦ritte-Voegelein, T. S¦venet,
Phytochemistry 1992, 31, 1439.

[74] E. Hnawia, O. Thoison, F. Gu¦ritte-Voegelein, D. Bourret, T.
S¦venet, Phytochemistry 1990, 29, 2367.

[75] K. L. Erickson, J. A. Beutler, J. H. Cardellina II, J. B. McMahon,
D. J. Newman, M. R. Boyd, J. Nat. Prod. 1995, 58, 769.

[76] T. Konishi, T. Konoshima, Y. Fujiwara, S. Kiyosawa, J. Nat. Prod.
2000, 63, 344.

[77] P.-M. Allard, P. Leyssen, M.-T. Martin, M. Bourjot, V. Dumontet,
C. Eydoux, J.-C. Guillemot, B. Canard, C. Poullain, F. Gu¦ritte, M.
Litaudon, Phytochemistry 2012, 84, 160.

[78] P.-M. Allard, M.-T. Martin, M.-E. Tran Huu Dau, P. Leyssen, F.
Gu¦ritte, M. Litaudon, Org. Lett. 2012, 14, 342.

[79] D. Lontsi, M. T. Martin, M. Litaudon, T. S¦venet, M. Pa�s, J. Nat.
Prod. 1998, 61, 953.

[80] A.-F. M. Rizk, ÐNaturally Occurring Pyrrolizidine AlkaloidsÏ, CRC
Press, Boca Raton, 1990.

[81] W. J. Kersten, R. R. Brooks, R. D. Reeves, A. Jaffr¦, Phytochem-
istry 1980, 19, 1963.

[82] J. Lee, R. D. Reeves, R. R. Brooks, T. Jaffr¦, Phytochemistry 1977,
16, 1503.

[83] A. J. Pearson, Synlett 1990, 10.
[84] M. Monnier, C. Lavaud, M. Litaudon, V. Dumontet, Biochem.

Syst. Ecol. 2012, 42, 10.

[85] D. L. Callahan, U. Roessner, V. Dumontet, A. M. De Livera, A.
Doronila, A. J. M. Baker, S. D. Kolev, Phytochemistry 2012, 81, 80.

[86] K. Mohamad, M.-T. Martin, M. Litaudon, C. Gaspard, T. S¦venet,
M. Pa�s, Phytochemistry 1999, 52, 1461.

[87] S. A. Adesanya, M. Pa�s, T. S¦venet, J. P. Cosson, J. Nat. Prod.
1991, 54, 1588.

[88] J. Bruneton, ÐPharmacognosy, Phytochemistry, Medicinal PlantsÏ,
Lavoisier Technique & Documentation, Paris, 1999.

[89] E. Hnawia, J. J. Brophy, L. A. Craven, N. Lebouvier, P. Cabalion,
M. Nour, J. Essent. Oil Res. 2012, 24, 273.

[90] I. Bombarda, P. Raharivelomanana, P. A. R. Ramanoelina, R.
Faure, J.-P. Bianchini, E. M. Gaydou, Anal. Chim. Acta 2001, 447,
113.

[91] K. A. Hammer, C. F. Carson, T. V. Riley, J. Appl. Microbiol. 1999,
86, 985.

[92] J. J. Brophy, E. Hnawia, D. J. Lawes, N. Lebouvier, M. Nour, J.
Essent. Oil Res. 2014, 26, 71.

[93] D. J. Boland, J. J. Brophy, R. J. Goldsack, Flavour Fragrance J.
1994, 9, 47.

[94] L. Verotta, M. DellÏAgli, A. Giolito, M. Guerrini, P. Cabalion, E.
Bosisio, J. Nat. Prod. 2001, 64, 603.

[95] K. Kaur, M. Jain, T. Kaur, R. Jain, Bioorg. Med. Chem. 2009, 17,
3229.

[96] P. Coulerie, A. Maciuk, C. Eydoux, E. Hnawia, N. Lebouvier, B.
FigadÀre, J.-C. Guillemot, M. Nour, Rec. Nat. Prod. 2014, 8, 286.

[97] M. Papageorgiou, N. Fokialakis, S. Mitaku, A.-L. Skaltsounis, F.
Tillequin, T. S¦venet, J. Nat. Prod. 2000, 63, 385.

[98] P. Coulerie, A. Maciuk, N. Lebouvier, E. Hnawia, J.-C. Guillemot,
B. Canard, B. FigadÀre, M. Nour, Rec. Nat. Prod. 2013, 7, 250.

[99] G. Samuelsson, L. Bohlin, ÐDrugs of Natural OriginÏ, CRC Press,
Uppsala, 2010.

[100] L. Voutquenne, C. Kokougan, C. Lavaud, I. Pouny, M. Litaudon,
Phytochemistry 2002, 59, 825.

[101] A. A. Magid, L. Voutquenne-Nazabadioko, M. Litaudon, C.
Lavaud, Phytochemistry 2005, 66, 2714.

[102] H. Bousserouel, M. Litaudon, B. Morleo, M.-T. Martin, O.
Thoison, O. Nosjean, J. A. Boutin, P. Renard, T. S¦venet,
Tetrahedron 2005, 61, 845.

[103] P. Andre, M. Olivier, I. Renimel, FR Patent 19961220, 1998.
[104] L. Voutquenne-Nazabadioko, A. A. Magid, M. Litaudon, C.

Lavaud, Planta Med. 2008, 74, PB17.
[105] J. Polonsky, Fortschr. Chem. Org. Naturst. 1973, 30, 101.
[106] J. Polonsky, Fortschr. Chem. Org. Naturst. 1985, 47, 221.
[107] B. Viala, J. Polonsky, C. R. Acad. Sci. Paris 1970, 271, 410.
[108] J. Polonsky, Z. Baskevitch-Varon, T. S¦venet, Experientia 1975, 31,

1113.
[109] J. Polonsky, M. Van Tri, T. Prang¦, C. Pascard, T. Sevenet, J. Chem.

Soc., Chem. Commun. 1979, 641.
[110] M. Van Tri, J. Polonsky, C. Merienne, T. Sevenet, J. Nat. Prod.

1981, 44, 279.
[111] J. Polonsky, M. Van Tri, Z. Varon, T. Prang¦, C. Pascard, T.

Sevenet, J. Pusset, Tetrahedron 1980, 36, 2983.
[112] B. Charles, J. Bruneton, A. Cav¦, J. Nat. Prod. 1986, 49, 303.
[113] B. H. Um, T. Pouplin, A. Lobstein, B. Weniger, M. Litaudon, R.

Anton, Fitoterapia 2001, 72, 591.
[114] M. F. Balandrin, in ÐSaponins Used in Traditional and Modern

MedicineÏ, Eds. G. R. Waller, K. Yamasaki, Springer, Boston, 1996.
[115] A. Zahir, A. Jossang, B. Bodo, J. Provost, J.-P. Cosson, T. S¦venet,

J. Nat. Prod. 1996, 59, 701.
[116] A. Zahir, A. Jossang, B. Bodo, J. Provost, J.-P. Cosson, T. S¦venet,

J. Nat. Prod. 1999, 62, 241.
[117] B. David, J.-L. Wolfender, D. A. Dias, Phytochem. Rev. 2015, 14,

299.




