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Oil glandsin the Neotropical genus Dahlstedtia Malme
(Leguminosae, Papilionoideae, Millettieae)
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ABSTRACT —(QOil glandsin the Neotropica genus Dahlstedtia Ma me— L eguminosae, Papilionoideae, Millettieae). Dahlstedtia
pentaphylla (Taub.) Burkart and D. pinnata (Benth.) Mame belong to the Millettieae tribe and are tropical leguminous trees
that produce astrong and unpleasant odour. In the present work, weinvestigated the distribution, devel opment and histochemistry
of foliar and floral secretory cavities that could potentially be related to this odour. The ultrastructure of foliar secretory cavities
were also studied and compared with histochemical data. These data were compared with observations recorded for other
species of Millettieae in order to gain a phylogenetic and taxonomic perspective. Foliar secretory cavities were only recorded
for D. pentaphylla. Floral secretory cavities were present in the calyx, wings and keels in both species; in D. pinnata they
also were found in bracteoles and vexillum. Such structures were found to originate through a schizogenous process. Epithelial
cellsrevealed alarge amount of flattened smooth endoplasmic reticula, well-devel oped dictyosomes and vacuol es containing
myelin-like structures. Cavity lumen secretion stains strongly for lipids. Features of the secretory cavities studied through
ultrastructural and histochemical procedures identify these structures as il glands. Thus, if the odour produced by such plants
has any connection with the accumulation of rotenone, as other species belonging to the “timbd” complex, the lipophilic
contents of the secretory cavities of Dahlstedtia species take no part in such odour production. The presence, distribution
patterns and frequencies of secretory structures in Dahlstedtia are taxonomically significant and may be utilized as a
diagnostic character which justifies the separation of this genus into two species.
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RESUM O —(Glandulasde éleo no género neotropical Dahlstedtia Mame—L eguminosae, Papilionoideae, Millettieae). Dahlstedtia
pentaphylla (Taub.) Burkart e D. pinnata (Benth.) Mame pertencem atribo Millettieae e apresentam representantes arboreos que
produzem um odor forte e desagradavel . Neste trabal ho, foram investigados a distribuic¢&o, o desenvolvimento e ahistoquimica
de cavidades secretoras foliares e florais, que poderiam estar relacionadas a este odor. A ultra-estrutura das cavidades secretoras
foliares também foi estudada e comparada aos resultados histoquimicos. Estes dados foram comparados a outros obtidos para
espécies de Millettieae e discutidos sob perspectivas filogenética e taxondmi ca. Cavidades secretorasfoliares foram observadas
somente em D. pentaphylla. Cavidades secretoras florais foram observadas no cdlice, nas das e quilhas de ambas as espécies, em
D. pinnata também foram encontradas nas bractéolas e no estandarte. As cavidades originaram-se por processo esguizogeno. As
células do epitélio secretor apresentaram uma grande quantidade de reticulo endoplasmético liso tubuloso, dictiossomos bem
desenvolvidos e muitos vactiol os contendo figuras de mielina. A secregéo presente no |Umen da cavidade é constituida por 6leo,
conforme indicam os caracteres histoquimicos e ultra-estruturais. Desta forma, o contelido das cavidades de Dahlstedtia néo é
responsavel pelo odor forte e desagradavel exalado pelas plantas, ja que este estd associado ao acimul o de rotenona, comum em
espéciespertencentesao complexo “timbd” . A ocorréncia, 0 padréo de distribui cio e afreqgliénciadas cavidades secretoras apresentam
valor taxondmico e podem ser utilizados como caracteres diagndsticos, justificando a separagéo das duas espécies no género.

Palavras-chave - anatomia, cavidade secretora, desenvolvimento, histoquimica, ultra-estrutura

I ntroduction

The genus Dahlstedtia Malme (Leguminosae,
Papilionoideae) belongs to the predominantly tropical
Millettieae tribe (Geesink 1981) and comprises two
species: D. pinnata (Benth.) Mame (type species) and
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D. pentaphylla (Taub.) Burkart (Burkart 1957), or is
considered to be a monotypic genus (Hutchinson 1964,
Geesink 1981, Vanni & Rodriguez 1999).

Individuals of both species occur in low numbers
in the Brazilian Atlantic Rainforest. Teixeira et al.
(unpublished data) presumed that the high fruit and seed
abortion rates of these taxa could be related to their
scarcity. It is aso worthwhile to note that these species
are found in highly advanced degradated ecosystems,
such as of the Brazilian Atlantic Rainforest.

Both species are commonly known in Brazil as
timbé-guarana, most probably because of their
resemblance in odour to that of other legume Deguelia
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utilis(A. C. Sm.) A. M. G Azevedo, whichisconsidered
to be the true timbd, and has been used in the Amazon
region as atoxic substance for fish (Tozzi 1998). Many
individuals of Dahlstedtia were discovered to be
purposefully cut down inside otherwise standing forest.
Peoplewho livein the seashore communities nearby the
Atlantic Rainforest consider such smell strong and
unpleasant, so the cutting down isaconsegquence of that.

Although there have been many field observations
of thisstrong odour in Dahlstedtia, phytochemical studies
of these speciesarerarein theliterature. Only Garcez et
al. (1988) report the presence of flavonoidsin the roots
of both species.

In this work, we investigated the distribution,
development and histochemigtry of foliar and flora secretory
cavitiesinplantsof D. pentaphyilaand D. pinnata thet could
potentially be related to this odour. The ultrastructure of
foliar secretory cavitieswere al so studied and compared
with histochemica data. These datawere compared with
observationsrecorded for other speciesof Millettieaein
order to gain aphylogenetic and taxonomic perspective.

Material and methods

Study species — Dahlstedtia pentaphylla and D. pinnata are
native to Brazil and have been recorded from Atlantic
Rainforest. They comprise shrubs or trees, with conspicuous
papillionate flowers. These species can be distinguished from
each other by the corolla coloration, pink in D. pinnata and
reddish in D. pentaphylla, and the presence of conspicuous
lenticels on the floral branches of D. pentaphylla and their
absence in D. pinnata (Teixeira & Gabrielli 2000).

Plant material —Vegetative shoot apices, floral apices, legflets,
petiolules, petioles, pulvinus, buds and flowers of both
species were collected from cultivated plants in Campinas
(22°54' S, 47°03' W), S&o Paulo State, Brazil. Material of
D. pinnata was collected from natural populations at Parque
Estadual da Serrado Mar, Picinguaba (23°42' S, 44°50" W)
and Ubatuba (23°26" S, 45°04' W), Sao Paulo State, Brazil
and of D. pentaphylla at Serra da Graciosa, Antonina
(25°25'43" S, 48°42'43" W), Parana State, Brazil. The
vouchers are deposited in the Herbarium of Universidade
Estadual de Campinas (UEC), under the numbers 28637,
28746, 300 and 17936.

The following herbarium material was studied: M. L.
Sekiama et al., 6610 (UEC), D. A. Great et al. 17 (UEC),
N. Figueiredo et al. n (UEC 14713), P. H. Daviset al.,
n (UEC 2934); G. Arbocz, s/n (UEC 32707).

Light microscopy — The material from herbarium specimens
was treated with 2% KOH solution for 2h, washed several
times in distilled water (Smith & Smith 1942) and stocked
in 70% ethanol.

Fresh material, both cultivated and wild, was fixed in
FAA 50 (formalin: acetic acid: ethanol 50%), submitted to
the standard techniques of infiltration with paraffin, sectioned
(4-6 pm) at rotary microtome, stained with Safranin and
Alcian Blueand the didesmounted in synthetic resin (Gerlach
1969).

To detect phenolic compounds, material was fixed in
formalin mixed with iron sulphide and then embedded in
paraffin, sectioned (8-10 pum), and mounted in synthetic resin
(Jensen 1962). To detect lipids, material wasfixed in buffered
formalin (Lillie 1954), embedded in paraffin, sectioned
(8-10 pm), stained with Sudan Black B (Jensen 1962), Sudan
[11 (Johansen 1940), and mounted in synthetic resin. To detect
proteins, carbohydrates, and alkaloids material was fixed
in FAA 50 (formalin: acetic acid: ethanol 50%), embedded
in paraffin, sectioned (8-10 um), stained with Aniline Blue
Black (Fisher 1968), PAS Reagent (O'Brien & McCully
1981), and Dragendorff Reagent (Svendsen & Verpoorte
1983), respectively, and then mounted in synthetic resin.
Histological sectionsfrom fresh material were also examined
and compared with fixed material.

Transmission el ectron microscopy (TEM) —For ultrastructural
studies, small pieces of leafletswere fixed with Karnovsky's
solution (0.075 M in phosphate buffer, pH 7.2-7.4, for 24 h)
(Karnovsky 1965), postfixed with osmium tetroxide (1% in
the same buffer for 1 h), dehydrated in an acetone series and
embedded in Araldite. Ultrathin sections were stained with
2% uranyl acetate for 15 min (Watson 1958) and with lead
citrate for 15 min (Reynolds 1963) and then examined using
a Philips EM 208 electron microscope.

Results

Light microscopy — Foliar secretory cavities were only
observed in Dahlstedtia pentaphylla. In theleaflet, they
arevisible astranducent dots, adjacent to veins (figure 1).
They were present in the palisade (figure 2) and bundle
parenchymathroughout theleaflet lamina, in the cortical
parenchyma of the petiolule (figure 3) and petiole, and
in the peripheral parenchymaof the pulvinus (figure 4).
Flora secretory cavitiesare present inthe calyx (figure5),
wings (figure 6) and keels of flowers in both species
(figures 7, 8); in D. pinnata they also are found in the
bracteoles and the vexillum (figure 7). They were
characterized by alumen surrounded by asingle layered
epithelium (figures 2-6). When viewed in paradermic
section, most of the cavitieswereisodiametrical (figurel).

The cavities (foliar and floral) originated from a
singlecell of the ground meristem; thismeristematic cell
isdistinguishablefrom other cellsby itsdense cytoplasm
and prominent nucleus (figure9). Initially, thissingle cell
undergoes apericlinal division (figure 10), followed by
two anticlina divisions(figure 11), resultinginfour cells
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Figures 1-6. Light micrographs of the leaf (1-4) of Dahlstedtia pentaphylla and flower (5-6) of D. pinnata showing the
structure of secretory cavities. 1. Abaxial surface view of cleared |eaflets showing translucid dots. 2. Secretory cavitiesin the
leaflet mesophyll. 3. Secretory cavities (arrow heads) in the cortical parenchyma of apetiolule. 4. Detail of a secretory cavity
inapulvinus. 5. Trabeculate secretory cavity in asepd. 6. Detail of trabeculate secretory cavitiesin awing. Bar = 30 um (1, 2),

42 um (3), 15 pm (4, 6), 43 pm (5).

(figure 12). These divisions arefollowed by subsequent
random divisions (figures 13, 14), cell enlargement
(figures 14, 15) and separation of the cells from one
another (figure 15), developing the isodiameric lumen
by schizogeny (figure 16). The sequence of floral

secretory cavity initiationisdirected inward and follows
the order of the floral whorls, commencing in the
bracteoles, followed by the sepals and then finaly the
petals. Neighboring tissues are still differentiating when
secretory cavity formation ceases.
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Figures 7-8. Transverse sections of floral buds showing the
distribution of secretory cavities in the calyx and petal tips
of Dahlstedtia. 7. D. pinnata. 8. D. pentaphylla. (w = wing,
ca=calix, v =vexyllum, o = ovary, k = keel). Bar = 0.5 mm.

Epithelia cells of foliar and floral cavities show
densely stained cytoplasm and larger nuclei than
surrounding cells(figures5, 6). The cavity lumen contains
an amorphous, yellowish-chestnut colored oil droplet.
This droplet strongly stains with Sudan Black B and
with Sudan I11 and is, therefore, a lipophilic secretion.
Stain uptake with other testswas negative. Resultsfrom
fixed and fresh specimens were not different. Cavities
did not present secretion when tests were employed in
cultivated plants.

Transmission electron microscopy (TEM) — Epithelial
cells of active foliar secretory cavities are thin-walled
and have a densely stained and abundant cytoplasm
(figures 17-20). The cytoplasm is rich in polysomes,
mitochondriawith well-devel oped cristag, flattened rough
endoplasmic reticulum (figure 19), dictyosomes with

Figures 9-16. Light micrographs of Dahlstedtia pentaphylla
cavity development. 9. Secretory cavity meristematic cell
(arrow head) prior to division. Thiscell has dense cytoplasm
and prominent nucleus. 10. First periclinal division (arrow
head) of the single meristematic cell. 11. Four-celled pre-
cavity (arrow head) produced by two anticlinal divisions.
12. Six-celled pre-cavity produced by randomly directed
divisions. 13. Enlargement of the pre-cavity cells (arrow
head). 14. Cells begin to separate from one another. 15. A
small space among cavity cells (arrow) appears, formed by
schizogenous process. 16. Completely open cavity showing
one-layered epithelium. Note that epithelial cells present
conspicuous and central nuclei. Bar = 6 pm.

conspicuous cisternae and adjacent vesicles (figure 22)
and abundant elements of smooth endoplasmic reticulum
(figures 20, 21).
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Figures 17-20. Electron micrographs of part of a secretory cavity in the leaf of Dahlstedtia pentaphylla. 17. Cytoplasm-rich
epithelia cells(ec) and cavity lumen (Iu) containing numerous lipid droplets. 18. Part of an epithelia cell at higher magnification
with thin cell wall (cw), dense cytoplasm, vacuoles highly variable in shape and size (v), and lumen containing lipid
droplets (Iu). 19. Detail of cytoplasm of epithelia cell; cytoplasm rich in polysomes, mitochondriae (m) with well-devel oped
cristae and extensive rough endoplasmic reticulum (rer). 20. Detail of the cell wall (cw), smooth endoplasmic reticulum
(ser) and lumen containing lipid droplets (1). Bar = 1.0 um (17, 18), 0.2 um (19, 20).

The vacuoles are highly variablein shapeand size  like structures was observed inside larger vacuoles
(figure 18). Flocculate material was observed inside  (figures 23).
smaller vacuoles (figures 18, 22 and 23) whilean amount The secretory cavity lumen containsnumerouslipid

of remnant membranous material forming myelin-  droplets (figures 17, 18 and 20).
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Figures 21-23. Electron micrographs of part of an epithelial
cell of a secretory cavity in Dahlstedtia pentaphylla |eaf.
21. Abundant elements of the smooth endoplasmic reticulum
(ser) and mitochondriae (m). 22. Conspicuous dictyosomes
(d). 23. Smaller vacuoles (sv) containing flocculate material
and larger vacuoles (lv) containing remnant membranous
material that formed myelin-like structures (mf). Bar = 0.2 pm
(21, 22), 0.5 pm (23).

Discussion

The present study confirmed that the presence,
distribution patterns and frequencies of secretory
structures in Dahlstedtia are taxonomically significant,
as reported by Metcafe & Chalk (1983) for secretory

structuresin general. The presence of secretory cavities
intheleaf of D. pentaphylla and their absence from the
leaves of D. pinnata, plustheir differential distribution
intheflowersof two speciesmay beutilized asadiagnostic
character to distinguish these species. Dahlstedtia has
generally been considered to be monotypic (Hutchinson
1964, Geesink 1981, Vanni & Rodriguez 1999), however
Burkart (1957) considered it to comprise of two Species.
Thelatter view was supported by abiosystematic study,
in which experimental pollinations showed that the two
species are intersterile and are geographically isolated
(Teixeira& Ranga2004). Thetwo specieshowever share
a number of features such as similar stem and root
anatomy (Teixeira & Gabrielli 2000), embryogenesis
(Teixeiraet al. 2001) and floral development (Teixeira
et al. unpublished data). A molecular phylogenetic study
which includes these two species may help to clarify
this taxonomic problem.

The position and type of secretory cavitieshave been
used as diagnostic character of other tribes and genera
within Leguminosae. Specificaly, Turner (1986) based
onthetypeand position of secretory cavitiesin theleaflet
concluded that the Amorpheae and Psoraleeae
(Papilionoideae) form two distinct groups. In Caesal pinia
S. str. secretory cavitiesarerestricted to the Poincianella
group, and may be a significant taxonomic character at
the subgeneric level (Lersten & Curtis 1994).

Although secretory cavities are found in floral
structures of both Dahlstedtia species, they are absent
from the leaves of D. pinnata. This and the following
observations lead us to suggest that at least in the more
derived or specialized groups within Millettieae (core-
Millettieae, Lavin et al. 1998, Hu et al. 2000), these
taxa are predisposed to lose such secretory cavities. For
example: (1) Garcez et al. (1988) reported a similar
pattern at the chemical level, observing that flavonones
and flavonols were produced in roots of D. pentaphylla
but not in those of D. pinnata. Thelatter speciesinstead
produces flavones by a biosynthesis totally oriented
toward dehydrogenation that is considered a derivate
character-state. (2) Lonchocarpus, agenusvery closely
related to Dahlstedtia (Lavin et al. 1998), shows a
similar presence/absence of secretory cavities such that
only seven of 23 species studied had secretory cavities
(Teixeira et al. 2000).

Based upon ultrastructural evidence, as presence
of lipid droplets in lumen, numerous, well-developed
smooth endoplasmic reticula in the cytoplasm of
epithelial cells, and presence of myelin-like structures,
plushistochemical evidence— positive staining for lipids
with Sudan Black B and Sudan I1l in both fixed and
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fresh material, the content of the secretory cavitieswas
considered to be lipophilic. Several authors mention
endoplasmic reticulum as being one of the predominant
cytoplasmic organelles of secretory cellsassociated with
oil secretion (Fahn 1979, 1988, Monteiro et al. 1999),
as well as myelin-like structures (Fahn & Shimony
1998). According to Alberts et al. (1997) and Junqueira
& Carneiro (2000), both smooth and rough endoplasmic
reticulum, plus dictyosomes are the main cellular
synthesis sites. These organelles are involved in the
secretion processand in addition the smooth endoplasmic
reticulum is specifically involved in lipid synthesis. In
this study smooth endoplasmic reticulum was found to
be predominant in epithelial cellsof thefoliar secretory
cavities of Dahlstedtia. Such a feature testifies the
quantitiesof lipid dropletsfound in thelumen of secretory
cavities. Such secretory cavities for predominantly
lipophilic substances have aready been reported in other
species of Leguminosae (Solereder 1908, Metcafe &
Chalk 1950).

Species belonging to the timbd complex contain
rotenoids (group of flavones — phenolic compounds),
i.e., substances responsible for a strong and unpleasant
odour and which are toxic to fish. Such substances have
not yet been reported in secretory structures and their
transport and accumulation seem to take place in the
vascular system. If the odour produced by such plants
has any connection with the accumulation of rotenone,
the lipophilic contents of the secretory cavities of
Dahlstedtia speciestherefore take no part in such odour
production (see the histochemical tests which were
negative to phenolic compounds). It should be noticed
that the leaves of both species produce strong odor and
only those of D. pentaphylla presented secretory cavities.

No differences in the major composition of gland
contents were found between the vegetative and
reproductive organs of Dahlstedtia pentaphylla, nor
between thefloral organsof the two Dahl stedtia species.
Identification and isolation of substances found in the
content of secretory cavities of these specieswould bring
a better understanding to the role of such metabolites
inside the plant.

Cultivated plants of Dahlstedtia species lacked
secretion in their cavities. One could hypothetize that
plants under natural conditions would be subjected to
higher stressful conditionsas competition for light, water
and mineral nutrients, as well as herbivore attacks than
plants cultivated in botanical gardens or parks, and that
would potentially lead to a higher production of
metabolites (Fahn 1979). These metabolites can play a
core role in plant defense mechanisms against

phytophagous species (Fahn 1979, Harborne 1998).
Controlled experiments on morphol ogy and physiology,
however, would be necessary to confirm such ahypothess.
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