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Abstract The genus Deguelia comprises the American species previously included in Derris Lour. Millettia Wight
& Arn. and Lonchocarpus subg. Phacelanthus Pittier. Considering the need of systematic definition to the genera
Derris, Deguelia and Lonchocarpus, and also the economic importance presented by several species within these
genera, which produces rotenone or deguelin (natural insecticides widely used in the past decades), this review is of
great chemotaxonomic importance to corroborate studies of botanical systematics carried out with these genera, and
guide the search for new therapeutic agents, since this bibliographic survey, approaches the biological and
ethnopharmacological studies described for species of this genera.
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Introduction

The family Fabaceae has cosmopolitan distribution, including about 650 genera and approximately 18,000 species,
representing one of the largest families of Angiosperms and one of the leading economically. In Brazil, there are
about 200 genera and 1500 species. It was traditionally recognized as a single family with three subfamilies
(Papilionoideae or Faboideae, Caesalpinioideae and Mimosoideae), except for Cronquist and other authors who
preferred to recognize three distinct families (Fabaceae, Caesalpinaceae and Mimosaceae) [1-2]. Being the first
classification the most accepted currently.

Papilionoideae is the largest of the three Fabaceae subfamilies, with approximately 500 genera and more than
10,000 species divided into 31 tribes. It has a wide distribution in the tropics, subtropical, extending to the temperate
regions, but its greater diversity is in the American and African tropics. It consists of representatives of various types
of habits, including herbs, lianas and trees. The roots, leaves, fruits and seeds of many species of this subfamily have
several medicinal properties, of which we can mention Dioclea, which is an important source of non-protein amino
acids, such as L-Dopa, used in the treatment of Parkinson's disease. The juice of species of the genus Vatairea is
used to cure impinges, the seeds of Dipteyx punctata are used in the treatment of pneumonia, among others [3].
Hegnaueand Grayer-Barkmeijer emphasize that the flavonoids and the polysaccharides starch, galactomannans and
amyloid commonly found in Fabaceae seeds are essential factors in the taxonomic characterization of this family.
In addition to the tribes of Phaseoleae, Vicieae, Cicereae and Swartzieae, in other tribes of the subfamily
Papilionoideae, the occurrence of starch is irregular or absent, and in the storage of starch grains, Caesalpinioideae is
an exception. While in the subfamily Mimosoideae, the situation is similar although the storage of starch grains in
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seeds occurs a little more frequently. The presence of large amounts of amyloid is restricted to Detarieae and
Amherstieae tribes of the Caesalpinioideae subfamily, and is therefore considered a key tool in distinguishing these
tribes.

It has been suggested by many authors that flavonoid profiles may help to clarify the problematic distinction of the
genera Derris and Lonchocarpus, Gottlieb and colleagues have presented an important chemosystematic study
(Systematic Significance of Flavonoids in Derris and Lonchocarpus [5]) on flavonoids based on the standard of
oxidation/methylation of these compounds. The authors further suggested that the dispersion of the original material
from Asia to America and from the forest to habitats like Brazilian Cerrado was accompanied by the evolution of the
necessary oxidative enzymes.

A particularity of the Fabaceae family is its high content of flavonoids and related compounds. About 28% of total
flavonoids and 95% of all known isoflavonoid aglycones structures in the plant kingdom are produced by this
family. Since 50% of the flavonoids and 66% of the described isoflavonoid structures present the 5-hydroxyl group.
Another striking feature is the presence of the isoprenyl group and its varieties, such as the dimethylpyran group [4].
It should be mentioned that almost all classes of prenylated flavonoids are found in some genera of this family, such
as Derris, Flemingia, Glycyrrhiza, Lonchocarpus and Tephrosia [6].

Other classes of secondary metabolites have been identified in species of Fabaceae, such as anthraquinones,
piperidine, pyridine, pyridine[7], and pyrrolidine derivatives[8], coumarins[9], cyanogenic glycosides, terpenes
(including essential oils, diterpenes, phytosterol, triterpenes and saponins), hydrolysable and condensed tannins [10],
among others.

Within the family Fabaceae is the genus Deguelia, that is important from the therapeutic point of view, by the
presence of its flavonoid compounds with recognized biological properties for the animal organism, and its
contribution as a key tool in the chemosystematic of similar genera.

Plant profile

Taxonomic classification

Kingdom: Plantae;

Sub Kingdom: Viridaeplantae;

Phylum: Magnoliophyta;

Division: Tracheophyta;

Subdivision: Sparmatophytina;

Class: Equisetopsida;

Superorder: Rosanae;

Order: Fabales;

Family: Fabaceae (Leguminosae);

Subfamily: Faboideae (Papilonoideae)

Tribe: Millettieae

Genus: Deguelia

Flavonoids: Biological properties and contribution to the chemistry of Fabaceae family

Flavonoids are one of the most representative classes of secondary plant metabolism. They are divided into two
main groups: the flavonoids and isoflavonoids. Flavonoids, mixed biosynthesis products, consist of a basic
molecular skeleton with 15 carbon atoms (CsC3Cs). The isoflavones are structurally distinct from the other flavonoid
classes because they contain a C;s skeleton based on 1,2-diphenylpropane, while the other classes have 1,3-
diphenylpropane [11].

The isoflavonoid skeleton is established by an aryl migration enzyme known as isoflavone synthase. According to
the mechanism of the reaction, the aryl migration appears to require a 4'- or 2'-hydroxyl group. Thus, almost all
isoflavonoids are oxygenated at the C-4 'or C-2' positions of ring B of the corresponding isoflavanones and
isoflavones [11].
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The various enzymatic processes that occurs in the isoflavonoid skeleton as hydroxylation reactions, alkylation and
formation of heterocyclic rings lead to the formation of numerous classes of isoflavonoids. As an example,
pterocarpans, cumestans, rotenoids and isoflavans may be mentioned [12].

The abundance of isoflavonoid aglycones in species of Fabaceae can be attributed to:

a) The introduction of hydroxyl groups at the 6-, 8- and 2 'positions of the basic skeleton, which is usually found in
the 5,7,4'-trihydroxy or 5,7,3,4'-tetrahydroxy form.

b) Loss of hydroxyl groups in the 5-position or the B-ring.

c) Methylation of hydroxyl groups or formation of methylenedioxides groups.

d) The presence of C-prenyl or C-geranyl groups, in addition to cyclization reactions for the formation of
dimethylpyran and furan rings [4].

It is possible to affirmthat the structural diversity of flavonoids arises from a series of enzymatic reactions, such as
oxidation, reduction, rearrangements, conjugation with sugar molecules. In this way, several categories of natural
flavonoids arise.

The flavonoid biosynthesis reaction begins with the condensation of a unit of activated cinnamic acid (CoA) with
three molecules of the malonic acid ester, which gives rise to chalcones that exist in chemical equilibrium with
flavanones [5]. Chalcones are open chain flavonoids, in which two aromatic rings are linked by a three-carbon
system of an a, B-unsaturated ketone, a 1,3-diphenyl-prop-2-en-1-one derivative [13].

Thus, from a chalcone, there are successive reactions catalyzed by specific enzymes giving rise to the various
categories of flavonoids. The formation of flavonols, aurones, B-OH-chalcones, flavones and isoflavones occurs
from oxidation reactions. The presence of a hydroxyl at the p- position of the B ring is essential for the
rearrangement to the isoflavones and for the cyclization forming the aurones. Reduction reactions lead to the
formation of pterocarpan and isoflavans [5].

Flavonoids play important properties in the plant organism, however, few generalizations about their function are
possible. One of these implies that the different flavonoid structures work in the same way in a biological response,
and that function of a specific flavonoid is a matter of chemical reactivity within a specific cell, and each type of
tissue or cell possesses an appropriate system to accumulate and / or copy specific flavonoids [14].

Flavonoids are pigments known to be universally present in green leaves, which generally absorb in the region of
280-315 nm, and therefore can act in the absorption of the ultraviolet radiation, protecting the photosynthetic tissues
from the damages caused by this type of radiation. Some classes of flavonoids, such as anthocyanins and flavones,
act to stabilize the blue colors of angiosperm flowers, attract bees during the pollination process, and play an
important role in the protection against antimicrobial and herbivory infection [15]. In addition to recognized
antibacterial activity, they may act in inhibition of important viral enzymes, such as reverse transcriptase and
protease. It is important to emphasize that its toxicity to animal cells is considered low [16].

Antimicrobial and fungicidal effects of flavonoids described are mainly due to the presence of phenolic hydroxyls,
which have affinity for proteins and, therefore, act as inhibitors of microbial enzymes. On the other hand, prenyl
groups favor its lipophilicity and, consequently, increase its capacity to permeate cell membranes favoring greater
antimicrobial activity [11]. Similar conclusions were observed by Avila and colleagues when they evaluated the
inhibitory effect of chalcones on pathogenic microorganisms for humans. The influence of the substitution pattern
involving hydroxyl, methoxyl, acetoxyl, methylenedioxy and isoprenoid groups were investigated [13]. However, a
structure-activity relationship cannot yet be established, since the substitution pattern may change according to the
nature of the flavonoid.

Flavonoids are a class of secondary metabolites with significant antioxidant properties, especially structures
containing the o-dihydroxy group on the B ring (catechol) and the 2,3-double bond in conjunction with the carbonyl
group. This balance between hydrophilicity and lipophilicity is of great importance for the antioxidant property of
flavonoids [17].

The isoflavonoids phytoalexins found most frequently in species from subfamily Papilionoideae (Fabaceae) are
pterocarpan and isoflavones, with the pterocarpan medicarpin being the most frequent [18].
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More than half of the known isoflavonoid structures in Fabaceae are replaced by the 3,3-dimethylalila group
(prenyl) or by lateral fixation of other groups derived from the prenyl substituent [11].
The structural diversity of the prenylated substituents generates groups with five membered, six membered rings and
a variety of open chain structures.
Flavonoids: Chemotaxonomy, chemical composition and plant evolution
The existence of secondary metabolites in plants is an example of evolutionary response in each ecosystem,
emphasizing the function of protection of these metabolites against other organisms and environmental factors.
Thus, it is clear the relationship between chemical evolution of metabolites and ecology, culminating with the
possibility that some of these compounds are good taxonomic markers. These biomarkers have complex biosynthetic
pathways in common, and even a simple molecule implies the manifestation of many enzymes and cofactors, which
are implicit manifestations of the species [19].
The detection and structural elucidation of the special metabolites in plants allows to perform a classification whose
system is called chemotaxonomy, which consists in the classification of a taxon through its metabolites. So far, a
good correlation has been observed between chemotaxonomy and botanical classification that is performed based on
plant morphology [20].
It is evident that there is a positive correlation in the level of oxidation and the skeletal specialization of the
secondary metabolites in angiosperms. For, the lower an organic molecule is, the less susceptible it is to an
enzymatic transformation. However, to rationalize this positive correlation of the increase of the level of oxidation
of the metabolites with the evolutionary advance of the vegetal species that produce them is still problematic [21].
According to Simmonds, the evolutionary order of the species within a class is evaluated by the complexity of the
compounds from secondary metabolism [22]. Thus, it is assumed that a more derived species produces more
elaborate metabolites, and therefore, its biosynthesis would have a greater number of stages. However, proving the
biosynthetic route of a secondary metabolite is very difficult.
The methodology proposed by Gottlieb and colleagues dispenses any detailed knowledge of its biosynthesis [19]. It
is necessary to know if the metabolite comes from the shikimic acid or acetate route, since an indication of evolution
is the substitution of one route for the other. Gottlieb warns that the mere presence of a metabolite does not classify
it as a taxonomic marker. What characterizes a marker is the presence of a variety of compounds coming from the
same precursor and resulting from oxidation and methylation reactions.
According to Gottlieb and Borin, substitution of metabolites derived from the shikimic acid (CH) pathway by
metabolites derived from the acetate (AC) route is an evolutionary trend [23].
Thus, the greater the value of AC% the more derivative the species is. This is, according to Gottlieb, the
abandonment of the shikimic acid route (CH) and the predominance of the acetate (AC) route indicates a greater
evolutionary character.
Flavonoids, according to Gottlieb, when used as chemical markers, can be evaluated through their degrees of
oxidation and methylation. The arithmetic mean values of the oxidation index (O) and the methylation index (Me) of
the compounds of each species are the evolutionary parameters based on oxidation (Ae,) and methylation (AEy,) of
the species [19].
These results suggest that the micromolecular evolution depends on the oxygen content in the atmosphere. However,
it does not act directly on the micromolecular evolution, but causes the evolution of the means of enzymatic
protection, such as selective etherification, Schiff base formation or reduction for the orientation of the biosynthetic
pathways of the metabolites. Oxygen also acts by establishing the conditions for the transformation of the molecular
skeleton. These phenomena are essential in the diversification of secondary metabolites and, therefore, essential
requirements for the adaptive flexibility of an organism in the environment [24].
The calculation of the value of the flavonoid oxidation index is made from the occurrences mentioned below and
observed in the metabolite under analysis in relation to the precursor:

e  Addition of an oxygenated group +1

e  Absence of oxygenated group -1

e  Methylenedioxy group +1

.
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e  Prenyl group 0
e  Additional double bond +1
The oxidation reactions involved usually occur by increasing the number of oxygen in the molecule or the release of
hydrogen atoms, such as the transformation of a pterocarpan into pterocarpen.
The first step in this methodology is to relate metabolites of the type required in analysis that occur in the genus and
to compare with a precursor common to the metabolites found. Therefore, it is necessary to carry out a thorough
bibliographical survey of the metabolites already isolated in the genus, starting from the fact that nearby species
produce similar secondary metabolites, coming from the same biosynthetic pathway.
In view of the recognized flavonoid content of species of the Fabaceae family, several studies correlate the
molecular structure of these metabolites with the taxonomic characterization of some genera such as Deguelia and
Lonchocarpus. Especially when considering Gottlieb's proposal. Thus, the chemical study of chemically unexplored
plant species contributes significantly to chemosystematics, allowing a more elaborate taxonomic classification of
these species.
The genus Deguelia (Faboideae): Chemistry and Chemotaxonomy
The genus Deguelia was described in 1775 by AUBLET and in 1860 was considered synonymous of Derris by
Bentham. Its story is closely related to the genera Derris Lour. and Lonchocarpus Kunt [25].
Although the Derris and Lonchocarpus species showed a clear vegetative and floral similarity, it was observed that
they presented some divergences in the taxonomic identification of their species, especially those known as Derris
americana. Then, in 1942, Ducke transferred the "American Derris" to Lonchocarpus subg. Phacelanthus (=
Lonchocarpus sect. Fasciculati). However, in 1943, MacBride, reunited them in unique genre, Derris. Such
scientific divergences continued to persist, and thus these two genres continued to be recognized as distinct by
several authors [25].
In 1989, Tozzi presented a review of the taxonomic studies of the Lonchocarpus and Deguelia species that occur in
Brazil based on inflorescences. The author groups the species that were described for the genera Lonchocarpus,
Derris and Deguelia exclusively in the genera Lonchocarpus and Deguelia. In this study, in addition to detecting the
occurrence of 17 Brazilian species of Deguelia, three species had not yet been classified and were named: D.
hatschbachii A. M. G Azevedo, D. glaucifolia A. M. G. Azevedo and D. duckeana A. M. G Azevedo [26].
Given the need for a systematic definition for the genera Derris, Deguelia and Lonchocarpus and the economic
importance presented by several species within these genera, which produce rotenone or deguelin, natural
insecticides widely used in the past decades, metabolic production studies of their Species becomes of great
chemotaxonomic importance to corroborate the studies of botanical systematics performed with these genera and to
elucidate chemosystematic problems.
Table 1: Species of genus Deguelia and their respective synonyms (Source: [25])

Deguelia sect. Multiovulis

Species Synonym

Degueliaspruceana Derrisspruceana

Lonchocarpusspruceanus

Degueliadensiflora Derrisglabrescens
Lonchocarpusboliviensis
Lonchocarpusdensiflorus
Lonchocarpusglabrescens

Degueliahatschbachii -

Deguelialongeracemosa Lonchocarpusneuroscaphavar. Longeracemosa
Degueliacostata Lonchocarpuscostatus

Deguelia sect. Deguelia

Species Synonym

Degueliarufescens var. urucu Derris urucu

Lonchocarpus nicou var. urucu
Lonchocarpus urucu
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Degueliarufescensvar.rufescens Derrisrufescens
Lonchocarpusnitidulus var. seshomburgkii
Lonchocarpusrufescens

Deguelianitidula Derrisfloribunda
Lonchocarpusfloribundus
Lonchocarpusnitidulus

Degueliarariflora Derrisrariflora
Lonchocarpusrariflorus
Deguelianegrensis Deguelia longifélia

Derris longifélia
Derrisnegrensis
Lonchocarpuskillipii
Lonchocarpuslongifolius
Degueliaamazonica Derrisamazonica
Lonchocarpusnegrensis

Degueliautilis Lonchocarpusutilis
Lonchocarpus nicou var.languidus
Lonchocarpus nicou var.utilis

Derrisutilis
Degueliadasycalyx Lonchocarpusdasycalyx
Degueliaangulata Derrisangulata

Derrissilvestris
Lonchocarpusangulatus
Lonchocarpus sylvestris
Degueliaduckeana
Degueliaoccidentalis Millettiaoccidentalis
Degueliaglaucifolia
The largest scientific production found in the database (Scopus, PubMed, Science direct) are attributed for the
genera Lonchocarpus and Derris, since the genus Deguelia is deeply related to these two genera and several
synonymies of species from Deguelia are associated with Lonchocarpus and Derris. Most of the study in Chemistry
is performed with flavonoids and chemically related compounds, as well as pharmacological studies with isolated
compounds or fractions (figure 1).
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Figure 1: Production of articles about Chemistry, Medicine, Pharmacology and flavonoids from genera Derris,
Deguelia and Lonchocarpus
Chemically the genus Deguelia is a promising source of flavonoids and related compounds.
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Moraes showed that the genus Deguelia is characterized by the presence of isoflavonoids, and in the section
Deguelia sect. Deguelia predominate the rothenoids, whereas in the species of the section Deguelia sect. Multiovulis
predominate the 4-hydroxy-3-phenylcoumarins [25]. The large amount of flavonoids found in the genus
Lonchocarpus contributes significantly to Tozzi’s proposal, according to which the genus Deguelia is more
derivative than the genus Lonchocarpus [26]. The presence of 4-hydroxy-3-phenylcoumarins is conferred only on
the species of Milletteae and Phaseoleae tribes of the subfamily Papilionoideae. This finding is of great
chemotaxonomic importance, since it corroborates with the cladistic proximity between these two tribes [27].
In this context, the phytochemical study of new species of the genus Deguelia becomes of great importance for the
chemotaxonomy of the genus, especially when considering Gottlieb’s proposal, according to which the degree of
evolution of a species can be evaluated by the Its redox potential, which can be expressed through the mean
oxidation/methylation (O/Me) values of its secondary metabolites [19].
The expressive amount of flavonoids in the genus Deguelia can be observed in the survey of the metabolic
production of this genus, which has been shown to be a good source of stilbenes, mainly with isoprenyl groups.
Table 1: Compounds isolated from Deguelia species

Species Compounds References
D. nitidula N N O o [28]
o. OH O o} OH
LI LI
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D. duckeana [37, 38]

HO
HO 6

The genus Deguelia (Faboideae): Ethnopharmacology and pharmacological characteristics

Several classes of chemical compounds, such as flavonoids, stilbene, triterpenes and steroids, have been described in
the various species of the genus Deguelia and their pharmacological potential. It has been reported in the literature
that these species exhibit a wide range of pharmacological properties, including antitumor and antimicrobial
activities that have proven to be efficacious in ethnomedicinal practices.

For many years, species of the genus Deguelia have been used by indigenous communities for the treatment of
diseases and as ichthyotoxic.
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Rotenone, a natural insecticide produced by species of this genus, has been widely used in past decades in
agriculture, as it has more activity than other commercial insecticides (about 30 times greater than lead arsenate) and
does not present toxicity to mammals, including man. Effects against animal parasites, such as sheep mange are also
described [39].

Root powder of some species of this genus has been widely used in Southeast Asia, such as shampoo against lice
and by South American natives as a fish poison [40].

Within the genus Deguelia, species that are used as antimalarial by indigenous populations of the Upper Rio Negro
in Amazonas are included [41].

Deguelia duckeana isolated chalcones showed significant cytotoxic activity against the SK-N-SH neuron tumor cell
line using the LDH assay. Other flavonoids of this species inhibited eukaryotic elongation factor 2 (eEF2) in SK-N-
SH neural cells [38].

The crude extracts of leaves, branches and roots of Deguelia duckeana presented high cytotoxic potential in the
lethality trial with Artemia salina at 5.0 pg / mL concentration and low antioxidant potential against DPPH and Fe;
+ / Phenantroline oxidants. The evaluation of the antibacterial potential of these extracts showed that the hexane
extract of the branches was active against Staphylococcus aureus [42].

The extract of the species Deguelia amazonica presented promising antimalarial activity in in vitro assays.
3',4'-methylenedioxy-7-methoxyflavone flavone isolated from Deguelia duckeana reduced cell metabolism in the
MTT assay without inducing cytotoxicity in the LDH assay. Other flavonoid compounds from this plant induced
phosphorylation of AMP-activated protein kinase (AMPK) and eukaryotic elongation factor 2 (eEF2) [43].
Considering that the species of the genus Deguelia are closely related to the genera Derris and Lonchocarpus, few
studies are found in the literature when searching for the terminology "Deguelia”.

Conclusion

The literature review of the metabolic production and pharmacological properties of medicinal plants that are poorly
studied from the scientific point of view becomes of crucial importance to guide future studies in the search of
bioactive molecules and therapeutic products that may have innovation potential for clinical development. Within
this scenario, we find plants of the genus Deguelia, whose species show a chemodiversity of biologically active
compounds, especially belonging to the class of flavonoids, stilbenes and terpenoids. The survey of the metabolic
production of its species and its flavonoid profile corroborates with its allocation in the genus Deguelia and with the
chemosystematic studies presented until the present date. Ethnopharmacological and biological studies carried out
with their species indicate great therapeutic potential for their phenolic molecules, especially as antineoplastic
agents.
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