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Bioactive Natural Products from Sapindaceae
Deterrent and Toxic Metabolites Against Insects
Martina Díaz and Carmen Rossini
Laboratorio de Ecología Química, Facultad de Química, Universidad de la República,
Uruguay
1. Introduction
The Sapindaceae (soapberry family) is a family of flowering plants with about 2000 species
occurring from temperate to tropical regions throughout the world. Members of this family
have been widely studied for their pharmacological activities; being Paullinia and Dodonaea
good examples of genera containing species with these properties. Besides, the family
includes many species with economically valuable tropical fruits, and wood (Rodriguez
1958), as well as many genera with reported anti-insect activity.
Antioxidant, anti-inflammatory and anti-diabetic properties are the pharmacological
activities most commonly described for this family (Sofidiya et al. 2008; Simpson et al. 2010;
Veeramani et al. 2010; Muthukumran et al. 2011). These activities are in some cases
accounted for isolated phenolic compounds such as prenylated flavonoids (Niu et al. 2010),
but in many cases, it is still unknown which are the active principles. Indeed, there are many
studies of complex mixtures (crude aqueous or ethanolic extracts) from different species in
which several other pharmacological activities have been described without characterization
of the active compounds [e.g. antimigrane (Arulmozhi et al. 2005), anti-ulcerogenic
(Dharmani et al. 2005), antimalarial (Waako et al. 2005), anti-microbial (Getie et al. 2003)].
Phytochemical studies on Sapindaceae species are abundant and various kinds of natural
products have been isolated and elucidated. Examples of these are flavonoids from Dodonaea
spp. (Getie et al. 2002; Wollenweber & Roitman 2007) and Koelreuteria spp. (Mahmoud et al.
2001), linear triterpenes from Cupaniopsis spp. (Bousserouel et al. 2005) and caffeine,
xanthenes and cathequines from Paullinia spp. (Benlekehal et al. 2001; Sousa et al. 2009). All
these compounds are naturally occurring in almost every plant family, however, the
Sapindaceae do produce an unusual group of secondary metabolites: the cyanolipids (Avato
et al. 2005). Eventhough these compounds exhibit a potential health hazard for humans and
animals, for the plants, cyanolipids may have a protective physiological role. However, not
many investigations have been developed involving the study of the ecological interactions
among the plants producing them and other sympatric organisms. On the other hand, the
toxicity of these cyanocompounds might be a potential source of pesticides. Indeed, not only
cyanocompounds, but also a wide range of species of Sapindaceae have been tested on their
anti-insect activity. Several extracts, fractions or pure compounds of different phenological
stages, have been tested against diverse species of lepidopterans, dipterans and coleopterans
of major importance in agriculture as well as in veterinary and medical applications.
Examples of this include the larvicidal activity of Magonia pubescens against Aedes aegypti
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(Diptera: Culicidae) (Arruda et al. 2003a,b); the toxicity of Sapindus spp. against Sitophilus
oryzae (Coleoptera: Curculionidae) (Zidan et al. 1993; Rahman et al. 2007); and the toxicity of
Dodonaea spp. against Spodoptera spp. (Lepidoptera: Noctuidae) (Abdel et al. 1995; El-Din &
El-Gengaihi 2000; Deepa & Remadevi 2007; Malarvannan et al. 2008). The activity against
different pest models of extracts from various South American species within the
Sapindaceae was recently described. These species included Allophylus edulis, Dodonaea
viscosa and Serjania meridionalis, from which isolated metabolites with anti-insect capacities
have not yet been described (Castillo et al. 2009). This chapter will examine the available
information on extracts and secondary metabolites from Sapindaceae focused on their
defensive role for the plant against herbivory; and consequently this appraisal will also
present a compilation of potential anti-insect agents from Sapindaceae.

2. Sapindaceae: its anti-insect potential
Anti-insect activity has been described in at least 15 of the 202 genera (Anonymous 2011)
belonging to this family. Among these findings, the cases in which the bioactive compounds
were isolated represent the least. It has been in general tested the activity of aqueous or
ethanolic extracts from different organs and from plants of different phenological stages
against a variety of insect targets using different bioassay designs. As a consequence,
different modes of action have been described. Extracts have revealed to be potentially
deterrent agents, growth inhibitors and even toxic agents against different genera of insects.
The following appraisal comprises the main Sapindaceae genera from which extracts or
isolated compounds with anti-insect activity have been described.
2.1 Sapindus
A vast number of species showing great potential as anti-insect agents belong to this genus.
Sapindus saponaria, a tree widely distributed in Central and South America, is also frequently
used as ornamental (Lorenzi 2004). Brazilian people commonly prepare homemade soap
from this tree; and use its seeds to make handcrafts. Its wood is broadly used in
construction. Its fruits and roots are popularly used as painkillers, astringents, expectorants
and diuretics (Ferreira Barreto et al. 2006). Besides, its medicinal potential as healing and
anti thrombotic agents has been studied. Research on that area has revealed that flavonoids
in the leaf extracts are responsible for those activities (Meyer Albiero et al. 2002). On the
other hand, much research has been devoted to the anti-insect capacity of extracts from
different organs of this plant. Boiça Junior et al (2005), on their search for activity against
larvae of the cabbage pest Plutella xylostella (Lepidoptera: Plutellidae) investigated eighteen
plant species from a variety of families, finding that aqueous leaf extract of S. saponaria was
one of the most active products. The extract produced 100 % of mortality in tests where the
larvae were offered cabbage foliage disks coated with the extracts to be evaluated as a sole
food (Boiça Junior et al. 2005). In another study, the aqueous fruit extract of this tree showed
deterrent properties against another cabbage pest, Ascia monuste orseis (Lepidoptera:
Pieridae). In this case the activity was comparable to that showed by aqueous extracts of the
neem tree, Azadirachta indica, the newest botanical pesticide in the market (Isman et al. 1996;
Medeiros et al. 2007). The aqueous seeds´ extracts were evaluated against another
lepidopteran, Spodoptera frugiperda (Lepidoptera: Noctuidae), showing strong effect on
larvae development and midgut trypsin activity (dos Santos et al. 2008). Not only against
lepidopterans has this tree revealed anti-insect potential, but also against other insect orders.
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For instance, a saponin extract from fruits from this species showed toxicity against adults of
the greenhouse whitefly Trialeurodes vaporariorum (Hemiptera: Aleyrodidae) (Porras &
Lopez-Avila 2009); and complete ethanolic extracts from fruits have shown larvicidal and
morphological alterations effects on the mosquito Aedes aegypti (Diptera: Culicidae) (Ferreira
Barreto et al. 2006). Some other saponins presenting other kinds of biological activity,
isolated from the fruits of this species, are shown in Figure 1 (Lemos et al. 1992; Ribeiro et al.
1995).
Sapindus emarginatus, another tree from this genus, widely distributed in India, has also
demonstrated larvicidal activity of its fruit extract against three important vector
mosquitoes: A. aegypti, Anopheles stephensi and Culex quimquefasciatus (Diptera: Culicidae)
(Koodalingam et al. 2009). Later, this group has also investigated the impact of the extracts
on the activity of mosquito phosphatases and esterases to gain an insight into the extent of
disturbance in metabolic homeostasis inflicted upon exposure to the extract (Koodalingam
et al. 2011). Previous reports on this species have shown that the pericarps contain triterpene
saponins (Figure 1), which are commonly used as antifertility, antipruritic and antiinflammatory agents in traditional Indian and Thai medicine (Jain 1976; Kanchanapoom et
al. 2001). Perhaps, anti insect activity may be due to saponins in this plant similarly to the
case of Sapindus saponaria (Porras et al. 2009).
Activity of members of this genus against other insect orders, further than dipterans and
lepidopterans, has also been evaluated, including coleoptera and lice. That is the case of the
extract from Sapindus trifoliatus fruit cortex which showed activity against the red flour
beetle Tribolium castaneum (Herbst) (Coleoptera: Tenebrionidae) (Mukherjee & Joseph 2000).
In this case, weight gain was significantly reduced when larvae were fed on diets including
the extract at different doses; and females topically treated -upon emergence- with the
extract laid fewer viable eggs. (Mukherjee & Joseph 2001). Another ethanolic fruit extracts,
in this case from Sapindus mukorossi, also showed anti coleopteran activity against another
pest of stored grains, Sitophilus oryzae (Coleoptera: Curculionidae) and also against Pediculus
humanus (Phthiraptera: Pediculidae) (Rahman et al. 2007). Finally, from the methanolic
extract of fruits of this species triterpenic saponins (Figure 1) have also been isolated and
these natural products demonstrated their potential as growth regulators and antifeedants
against Spodoptera littura (Lepidoptera: Noctuidae), both as glycosides and as free genines
(Saha et al. 2009). In this particular study, it was verified that upon hydrolysis of the
saponins, the growth regulatory activity was improved, whereas very little difference was
found in regard to the antifeedant activity.
All in all, the genus Sapindus contains a variety of species which have been studied on their
activity for some insects from different orders. In spite of the fact that not many reports do
exist on the action of isolated compounds, the previous ethnobotanical uses of Sapindus spp.
and the isolation of some active saponins from this genus, may suggest that this group of
secondary metabolites might be related to the anti-insect activity. Saponins -glycosides of
sapogenins containing a monosaccharide or a polysaccharide unit- reduce the surface
tension becoming biological detergents. They are widely distributed secondary plant
metabolites, found among almost 100 plant families (Bruneton 1995). Being effective
defences for some insects (Plasman et al. 2001; Prieto et al. 2007), saponins have been
implied in mechanisms of plant resistance against potential herbivores (Nielsen et al. 2010).
The genus Sapindus, rich in this kind of compounds, may therefore be promissory raw
material to develop plant pest control products. Further information can be found at recent
works reviewing saponins from Sapindus spp. and their activity (Pelegrini et al. 2008;
Sharma et al. 2011).
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Fig. 1. Saponins isolated from Sapindus and Nephelium spp.
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2.2 Dodonaea
From this genus, there are two species to which almost all research has been devoted:
Dodonaea angustifolia and Dodonaea viscosa. These two species are considered by some
taxonomists to be synonymous, while others recognize D. angustifolia as a sub-species of D.
viscosa (cited in Omosa et al. 2010). D. angustifolia is widely distributed in Australia, Africa,
Asia and South America; and it has been employed until present days in traditional
medicine all over the world. It is traditionally used as analgesic, laxative, antipyretic, and to
treat rheumatism, eczema, and skin ailments (Malarvannan et al. 2009; Omosa et al. 2010).
Dodonaea viscosa is a shrub, rarely a small tree, widely distributed in tropical and subtropical
areas of both hemispheres. It is used in folk medicine as a febrifuge, a diaphoretic drug, and
also for the treatment of rheumatism, gout, inflammations, swelling and pain (Niu et al.
2010).
Anti-insect activity has been described for extracts from both plant species mostly against
lepidopterans (Malarvannan & Subashini 2007; Malarvannan et al. 2008; 2009; Sharaby et al.
2009). For instance, extracts of leaves of D. angustifolia (obtained with hexane, petroleum
ether, chloroform, acetone and water) were tested in field bioassays, showing to be effective
biocontrol agents for the larvae of Earias vitella (Lepidoptera: Noctuidae) (Malarvannan et al.
2007). Besides, those extracts also showed ovicidal activity against Helicoverpa armigera
(Lepidoptera: Noctuidae) (Malarvanan 2003). However, while in the case of extracts from
different organs (fruits, leaves and twigs) of D. viscosa coming from Uruguay, none of these
products proved to be active against the polyphagous Spodoptera littoralis (Lepidoptera:
Noctuidae) (Castillo et al. 2009), insects from other orders were deterred by D. viscosa
extracts. Interestingly, while extracts from leaves and twigs exhibited good activity against
aphids (Rhopalosiphum padi and Myzus persicae) and a coleopteran (Epilachna paenulata), they
were innocuous to beneficial insects (Apis mellifera) (Castillo et al. 2009). This selectivity
makes D. viscosa a good candidate from which to develop botanical pesticides. Another
independent study also showed a strong contact activity of the seed extracts against the
coleopteran, S. oryzae (Zhao et al. 2006).
D. angustifolia is known to contain essential oils, flavonoids, terpenoids, phenols, coumarins,
sterols and unidentified alcohols (Malarvannan et al. 2008). Meanwhile several flavonoids,
diterpenoid acids and saponins have been isolated from D. viscosa (Niu et al. 2010).
However, the chemical basis for the pesticide and antifeedant activities remains unclear as
tests on individual compounds have not been performed. Nevertheless, a series of clerodane
diterpenoids (Figure 2) and prenylated flavonoids (Figure 3) were isolated from the aerial
parts of D. viscosa from China, having them not shown larvicidal activity against two
mosquito species tested (Niu et al. 2010), however the authors stated that previous studies
showed activity of these clerodanes against two lepidopterans (Plutella xylostella and Pieris
rapae) and against the coleopteran Sitophilus oryzae.
At the same time, an investigation on this family of compounds from D. angustifolia from
Kenya showed that the extracts from the leaf surface of this plant is composed mainly by
clerodanes (Figure 2) and also by methylated flavones and flavonols (Figure 3) (Omosa et
al.). Clerodanes isolated from D. viscosa and D. angustifolia belong to the neo-clerodane
group. As it is well known, these secondary metabolites have a structure based on the
carbon skeleton and absolute stereochemistry of clerodin (Klein Gebbinck et al. 2002)
isolated first from Clerodendron infortunatum (Lamiaceae) (Banerjee 1936). This large group of
plant secondary metabolites have been described mainly from Lamiaceae and Asteraceae,
and they have exhibited a wide range of anti-insect properties as it has been reviewed
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Fig. 2. Clerodanes from Dodonaea spp. Structures shown were isolated from D. viscosa (Niu
et al. 2010) with the exception of the indicated ones.
previously (Klein Gebbinck et al. 2002; Sosa & Tonn 2008). Worth to be noticed, an earlier
work by Jefferies et al. (1973) reported the occurrence of various diterpenes in another
species, Dodonaea boroniaefolia, of the opposite configuration in the main skeleton (Figure 3),
that is ent-clerodanes.
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Fig. 3. Flavonoids from Dodonaea spp. (Niu et al. 2010; Omosa et al. 2010; Teffo et al. 2010).
2.3 Magonia and Paullinia species
Paullinia spp. is one of the few purine alkaloid-containing genera used to prepare stimulant
drinks worldwide (Weckerle et al. 2003). Paullinia clavigera grows in primary forests and
shores of the South American Amazonic aquatic ecosystems, and it has been studied mostly
in Perú for the control of different insect pests (cited in Pérez et al. 2010). The toxicity of
aqueous extracts of lianas from this species against larvae of Anopheles benarrochi (Diptera:
Culicidae) (Pérez & Iannacone 2004) and afterwards the mortality and repellence of such
extracts against larvae of Rhynchophorus palmarum (Coleoptera: Curculionidae) (Pérez &
Iannacone 2006) were tested. Besides, the activity of aqueous extracts against Eupalamides
cyparissias (Lepidoptera: Castniidae), and the activity of hydroalcoholic extracts against
Tuthillia cognata (Hemiptera: Psyllidae) (Pérez et al. 2008) were also reported, showing the
potential of this vegetal species as a biocontrol agent against different insect orders.
However, it is still unclear which compounds are responsible for the anti-insect effects of P.
clavigera. Flavonoids, phenols, triterpenes and saponins were detected in a phytochemical
study in extracts from the stem cortex of P. clavigera. (Pérez et al. 2010); and other species
from the same genus (P. cururu) contain saponins, tannins and polyphenols (Wilbert &
Haiek 1991).
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Magonia pubescens, widely distributed in the Brazilian Cerrado, is commonly used in the
construction industry. It has been mostly studied for its larvicidal activity against A. aegypti
(Arruda et al. 2003; da Silva et al. 2003; Rodrigues et al. 2006). In this case, one of the most
active fractions from the ethanolic extract of stem barks was shown to be rich in tannins, and
specially in a proanthocyanidin (catequic tannin which structure is shown in Figure 4) (Silva
et al. 2004). Tannins are largely distributed in nature, usually being the active principles of
plants used in traditional medicine. Condensed tannins have a great ability to interact with
metallic ions and macromolecules and to form soluble complexes with electron-donor
groups such as the ones found in alkaloids and proteins. That may be one of the reasons
explaining their toxicity against different organisms, including insects, fungi and bacteria.
Morphological alterations caused by this active fraction on the epithelium of the midgut of
larvae of A. aegypti resembled the ones recorded for tannic acid (Rey et al. 1999). In a side
note, it is worth to notice that this vegetal species has also demonstrated potential on its
ethanolic extract of stem barks, as acaricide against the larvae of the common cattle tick,
Rhipicephalus (Boophilus) sanguineus (Acari: Ixodidae) (Fernandes et al. 2008).
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Fig. 4. Catequic tannin with larvicidal activity against A. aegypti isolated from Magonia
pubescens (Silva et al. 2004).
2.4 Miscellaneous
Talisia esculenta, locally known as pitomba occurs in northern and northeastern Brazil. Its
fruits are edible to humans and birds which disperse the seeds. However, popular
information also mentions that chickens die after ingesting the fruit (cited in Macedo et al.
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2002). Koelreuteria paniculata is popularly grown as an ornamental tree in temperate regions
all across the world (Kamala-Kannan et al. 2009). From these two species of Sapindaceae,
lectins have been isolated from their seeds (Macedo et al. 2002; Macedo et al. 2003). Lectins
from T. esculenta inhibited larval growth of two bruchids (Callobroschus maculatus and
Zabrotes subfasciatus) (Macedo et al. 2002). And in the case of K. paniculata, lectins not only
showed insecticide activity against C. maculatus but also against Anagasta kuehniella
(Lepidoptera: Pyralidae) (Macedo et al. 2003). Plant lectins are a large group of proteins
deﬁned as ‘‘plant proteins that possess at least one non-catalytic domain that binds
reversibly to a speciﬁc mono‐ or oligosaccharide’’ (Peumans & Van Damme 1995). Plant
lectines have been implied in many ecological roles, being their action as defences against
insects one of the latest described (Murdock & Shade 2002; Van Damme et al. 2008). Their
mechanisms of action as anti-insect agents are yet poorly understood, with many emerging
hypotheses proposed (Van Damme et al. 2008). According to Macedo et al. (2003), the action
of K. paniculata lectins on C. maculatus and A. kuehniella larvae may involve (1) binding to
glycoconjugates on the surface of epithelial cells along the digestive tract, (2) binding to glycosylated
digestive enzymes, thereby inhibiting their activity, and (3) binding to the chitin component of the
peritrophic membrane (or equivalent structures) in the insect midgut. Finally, regarding T.
esculenta, its aqueous seeds extracts were studied on its effect on S. frugiperda larvae which
development was negatively affected, but the activity of the midgut trypsin was not
inhibited (dos Santos et al. 2008).
The red maple, Acer rubrum, is another Sapindaceae from which bioactive compounds have
been isolated. This prominent maple occurs in hardwood forests, being avoided by several
potential sympatric consumers [for instance, larvae of Malacossoma disstria (Lepidoptera:
Lasiocampidae), and the North American beavers, Castor canadensis] (Abou-Zaid et al. 2001).
The main constituents of an aqueous leaf extract have been phytochemically characterized
as ellagic acid, gallate derivatives (structures 1-7 in Figure 5) and glycosides of flavonoids
(quercetin and structures 13-20 in Figure 3). When these compounds were tested by
themselves against M. disstria larvae, it was found that all gallate derivatives exhibited
deterrent activity, but not the flavonoids. Among gallate derivatives, compounds 2 and 4-7
in Figure 5 were the five most active compounds. Perhaps in this case, the feeding
deterrence effect of the extracts may be traced to the galloyl moiety in its secondary
metabolites.
Blighia sapida, commonly known as Ackee, is an evergreen tree, native from West African
wild forests. In the late 18th century, the plant was introduced in Jamaica, where
nowadays its fruit has been adopted as the national fruit (cited in Gaillard et al. 2011). Its
bark is used as fish poison and also in folk medicine in the treatment of malaria, ulcers,
back aches and headaches (Kayode 2006). The plant contains triterpenic and steroidal
saponins, alkaloids, polyphenols and aminoacidic secondary metabolites (Mazzola et al.
2011). By ingestion, the unripe fruits can cause vomiting and circulatory collapse in
humans due to the presence of hypoglycin-A (seeds and flesh) and hypoglycin-B (seeds)
(Figure 6) (Hassall et al. 1954; Hassall & Reyle 1955; Gaillard et al. 2011). Acetone and
ethanolic extracts of the fruits showed repellent properties against stored-product pests,
namely, C. maculatus, Cryptolestes ferrugineus (Coleoptera: Cucujidae), and Sitophilus
zeamais (Coleoptera: Curculionidae) (Khan & Gumbs 2003). Furthermore, ethanol, acetone,
hexane, methanol, chloroform, and water extracts from the seeds were evaluated on their
repellence against T. castaneum, demonstrating the aqueous extract to be the most active
(Khan et al. 2002).
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Serjania lethalis is another species that has been studied in its anti-insect activity. The ethanolic
stem bark extract showed larvicidal activity against A. aegypti (Rodrigues et al. 2006). In this
study the active compounds were not identified. However, the presence in this species of
tannins, flavonoids and of saponins (serjanosides) has been reported (Teixeira et al. 1984; de
Sousa Araújo et al. 2008). S. meridionalis, a species phytochemically not described, exhibited
deterrent activity against E. paenulata and M. persicae (Hemiptera: Aphididae) when its
ethanolic leaf extracts were assayed. Disappointingly, this extract was also toxic against
beneficial insects (honey bees) (Castillo et al. 2009).
From the genus Nephelium, the species N. lappaceum is commonly known for its edible fruit
“rambutan”. It is native from Southeast Asia where the fruits are an important commercial
crop (Palanisamy et al. 2008). These fruits have shown potential on its ethanol seed extract,
against S. oryzae, revealing to reduce esterase and glutathione-S-transferase activities from
such insect (Bullangpoti et al. 2004). N. maingayi, native from Malasya and Indonesia, has
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also edible fruits and it has not been studied in its anti-insect activity. However, six
saponins, namely, nepheliosides 1-6 (Figure 1) were isolated from a chloroform extract of its
bark exhibiting cytotoxic activity when evaluated against a panel of human cancer cell lines
(Ito et al. 2004).

3. Cyanocompounds
As stated, Sapindaceae are rich –in their seeds- in toxic cyanolipids (Figure 8), e.g. fatty acid
esters of α- and - hydroxynitriles (Mikolajczak 1977; Seigler 1991). Although, some works
report the occurrence of cyanolipids also in members of the Hippocastanaceae (Mikolajczak
1977; Bjarnholt & Møller 2008) and the Boraginaceae (Mikolajczak et al. 1969; Seigler et al.
1970), it appears that later investigations have confirmed that these metabolites are
characteristic only of the Sapindaceae (Seigler 1976; Avato et al. 2005). The cyanolipids are
usually extracted in the seed oils where the amounts vary broadly within the species (Dinesh
& Hasan; Selmar et al. 1990; Hasan et al. 1994; Ucciani et al. 1994; Hasan & Roomi 1996; Sarita
et al. 2002; Avato et al. 2005; Avato et al. 2006), ranging from only 3% in Paullinia cupana var.
sorbilis (Guarana) (Avato et al. 2003), to 58% in Schleichera trijuga (Mikolajczak & Smith 1971).
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Fig. 8. Cyanolipids and glucosinolates from Sapindaceae.
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Cyanolipids present in Sapindaceae belong to four types (Figure 8) which do not occur in all
species. Although there is some controversy in the literature, it seems that each species has
only one or two types of cyanolipids, but not all of them. The fatty acid moieties in
cyanolipids vary within the species. In most of the studies, cyanolipids are esterified mostly
by only one or two fatty acids. Eicosanoic acid (20:0) and eicosenoic acid (20:1 n-9) are
present in high proportion in many species (Aichholz et al. 1997). In the genus Paullinia, the
rare fatty acids paullinic acid (Z-13-eicosenoic acid) and cis-vaccenic acid (Z-11-octadecenoic
acid) are ubiquitous constituents (Seigler 1974; Spitzer 1995; Spitzer 1996; Lago et al. 2000;
Avato et al. 2003). Other fatty acids found go from dodecanoic (12:0) to docosanoic acids
(22:0) (Mikolajczak et al. 1970a; 1970b; 1971; Aichholz et al. 1997; Avato et al. 2003).
Besides lipid derivatives, other cyanocompounds (the corresponding glycosides and salts)
have also been isolated from aerial parts (Seigler et al. 1974; Bjarnholt et al. 2008) or roots of
different species (Kumar et al. 2011). For example, cardiospermin (Figure 8) has been
isolated from some species -and has been shown to be the responsible of the anxiolytic
effects of ethanolic root extract from Cardiospermum halicacabum (Kumar et al. 2011); and in
the particular case of Cardiospermum grandiflorum the corresponding sulphate-containing
cyanogenic glucoside of cardiospermin was described (Hubel & Nahrstedt 1979).
Only cyanolipids of the type I and IV are cyanogenetic (Avato et al. 2005). Therefore
cyanolipids do not work for all species as defensive compounds producing HCN. When
HCN can be formed, its production works similarly to the one from glycosinolates, with a
previous step of hydrolysis of the ester moieties catalyzed by estearases (Figure 9) (Wink et
al. 1997). Cyanolipids can effectively work as plant defences, as it has been shown that their
enzymatic breakdown produces the -hydroxynitriles, from which HCN is released in a
similar way than the one from glycosinolates (Wink et al. 1997). Moreover, it has been
shown that in vivo HCN is produced upon wounding by herbivores (Selmar et al. 1990).
Besides, as any plant defence, these defensive metabolites have been overcome in their
original function by herbivores. In that sense it is well known that some Heteroptera
(Leptocorus and Jadera spp.) not only are specialists on Sapindaceae, but are also able to
sequester cyanolipids as such from their food plants, and biotransform them to the
glycosylated derivatives (Braekman et al. 1982; Aldrich et al. 1990). Moreover, such
acquisition of cyanocompounds from their host renders these gregarious, aposematic insects
unpalatable to a variety of predators (Aldrich et al. 1990).

O
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+
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NC

R
O
HO

O
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2-hydroxy-3-methylbut3-enenitrile

R

Fig. 9. Hydrolysis of cyanolipids to produce HCN (Wink et al. 1997).
Cyanolipids have been investigated in their potential as control agents for insects. In that
sense, insect repellent and insecticidal properties of some of these products have been
described. For instance, when adults of the red flour beetles, Tribolium castaneum, were
exposed to seed oils from two species of Cardiospermum (C. canescens and C. belicacabum), the
beetles preferred the arena zones where no oil was applied (Khan et al. 1983). However this
repellency effect seems not to be a general pattern as in a pitfall trap bioassay, oils reach in
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cyanolipids stimulated aggregation in the cases of the saw toothed grain beetle, Oryzaephilus
surinamensis, and of the rice weevil, Sitophilus oryzae (Mikolajczak et al. 1984). In this later
work, when tested separately the four classes of cyanolipids (Figure 8) lost their repellent
activity, suggesting synergism among them for this action. When the effect of cyanolipids
was tested in a contact bioassay, only the ones belonging to classes I and IV showed a
paralyzing effect against the saw toothed grain beetle, Oryzaephilus surinamensis.
Eventhough one may be tempted to correlate this effect with the capacity of producing HCN
by the pure compound tested, the conclusion is not again a general one since these
cyanolipids did not have any effect on three other beetles (Mikolajczak et al. 1984). Finally,
the European corn borer, Ostrinia nubilalis, was affected in its metamorphosis when
cyanolipids of the classes II and IV were incorporated in its diet (Mikolajczak et al. 1984). On
the whole, even though non- glycoside cyanogens were described in Sapindaceae as early as
in the 1920` (cited by Mikolajczak et al. 1969), not many studies have been carried out in
regard of either their ecological role as plant defences, or their potential as biopesticides.
Although in the last case one can envisioned that cyanolipids of the classes I and IV will not
be selective –because HCN is generated-, there is a chance that cyanolipids of the classes II
and III may have some interest in this regard.

4. Conclusion
The family Sapindaceae includes many edible species, e.g. ackee, rambutan, longan and lychee
(fruits from Blighia sapida, Litchi chinensis, Nephelium lappaceum, Dimocarpus longan respectively),
which are widely consumed mainly in Asia and Australia (Diczbalis 2008; Vichitrananda &
Somsri 2008; Diczbalis et al. 2010). Nevertheless, some species in this family produce in
different phenological stages (including fruits in some cases) bioactive compounds with
medicinal or toxicological properties. With reference to insect toxicity, up to now most of the
studies carried out have found activity against species in the orders Lepidoptera and Diptera
(mosquitoes). However, these results may be an artefact of the biodetection itself, as much of
the research focuses on chewing armyworms and borers of economically significance, and on
mosquitoes as important vectors of human diseases. In addition, products from Sapindaceae
have revealed differential activity on insect targets from different orders, and even from the
same order (Mikolajczak et al. 1984; Khan et al. 2002; Castillo et al. 2009); and have
demonstrated selectivity when their activity was checked against beneficial insects while some
other products have not (Castillo et al. 2009). These findings emphasise the need for widening
the spectrum of biodetectors used in the tests.
The Sapindaceae are well characterized for the presence in their seeds of toxic cyanolipids,
and the occurrence of this group of secondary metabolites seems to be restricted to this
family. However, it is difficult to foresee that the Sapindaceae will find their way into the
development of botanicals based on their unique cyanogens due to the intrinsic general
toxicity of these compounds.
This family takes its name from the soapberry tree Sapindus saponaria (Emanuel & Benkeblia
2011), mostly known for being rich in saponins. Those chemical constituents provide its
extracts with tensoactive properties, having been widely used not only as a source of soap
but also for the application of its biological effects in medicine as well as in pest control.
Indeed, the tensoactivity has been a property that has found application in pest control as
shown by the fact that soaps are probably among the oldest insecticides in use (Silva et al.
2007).
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Many other bioactive compounds belonging to different chemical groups have also been
isolated from members of this family. For instance, from species studied for their anti insect
activity, it has been reported the occurrence of clerodane diterpenoids and prenylated
flavonoids (Dodonaea spp.); flavonols, phenols and triterpenes (Paullinia spp.); tannins (M.
pubescens); lectins (Talisia esculenta); gallic acid, gallates and derivatives (Acer rubrum). Being
confirmed in some cases that those compounds are the responsible for the activities found.
Among these secondary metabolites, probably the ones with the strongest potential as antiinsect agents are the clerodanes. Eventhough the main sources of these diterpenes are
species from Asteraceae and Lamiaceae, the Sapindaceae are showing to be also a good
resource of them. So far, different studies have shown the antifeedant capability of
clerodanes against many insects, including species from Lepidoptera, Coleoptera, and
Orthoptera (Klein Gebbinck et al. 2002; Sosa et al. 2008).
All in all, the family Sapindaceae, which members are widely distributed in every continent
and have been used since early days for different purposes –taking advantage of their
medicinal and toxicological properties-, seems to be a promissory source of bioactive
compounds to be used as biological control agents. However more extensive studies, not
only on more species not yet prospected, but also concerning more diverse targets are still
needed.
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