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Abstract: Plant structures that secrete lipids and phenolic compounds are often associated with the protection
and development of organs against desiccation, in addition to the protection they provide against animals, as
the capitate trichomes of Adenocalymma magnificum. Understanding the glandular activities that occur in these
trichomes has required the study of their ontogeny, structure, ultrastructure and histochemical aspects; the
interpretation of their ecological functions or evolutionary history is complicated by the scarcity of reports on
calicinal trichomes that are not nectar-secreting. Samples of floral calyx in anthesis and flower buds at different
stages of development were fixed and processed according to the methods for light and electron microscopy.
The trichomes are randomly distributed throughout the entire inner surface of the calyx and are also visible on
the flower buds. These capitate glandular trichomes were composed of a peduncle, having up to nine cells, and
a multicellular secretory head with their cells in columnar format and arranged in disc form. The collar cell,
which is under the secretory head, divides anticlinally and arranges itself side by side with the mother cell.
As they develop, they bend with some of them becoming adpressed to the calyx. Histochemical tests indicate
that the secretory head cells produce lipid substances, acidic lipids and phenolic compounds. In the secretory
head, the vacuome is dispersed and the cytoplasm possesses a great number of smooth endoplasmic reticulum
and leucoplasts, organelles involved in the production of osmiophilic substances. In some regions of the secre-
tory cells, cuticle detachment was observed; however, the accumulation of secretions was not observed. This
study describes, for the first time, the origin, development, and secretion process of the calicinal trichomes of
Adenocalymma magnificum, showing that production of lipophilic substances is important for this plant, pos-
sibly the trichomes may be involved in the plant’s chemical defense against insects, offering protection against
herbivores. Rev. Biol. Trop. 63 (2): 537-544. Epub 2015 June O1.
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The secretory structures are defined as
specialized isolated cells or multicellular struc-
tures of different forms, which secrete spe-
cific substances (Fahn, 1979, 2000) and are
important in the species delimitation in Big-
noniaceae (Seibert, 1948). Ontogenetic studies
exist that clarify the development process in
addition to offering information to explain the
synthesis and secretion of the compounds pro-
duced by these structures (Ascensdo, & Pais,
1987; Moura, Isaias, & Soares, 2005; Silva, &
Machado, 1999).

The anatomy of the secretory trichomes
present in the calyx of Bignoniaceae spe-
cies has been studied by several researchers
(Rivera, 2000a, 2000b; Subramanian, & Inam-
dar, 1985; Subramanian, & Inamdar, 1989).
However, the focuses of these studies were
the calycinal nectaries; little has been writ-
ten about the functional aspects, structural
organization and secretion present in the other
secretory structures.

These secretory structures contained in
the calyx have been related to the attraction
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or reward for pollinators, to the chemical or
mechanical protection against herbivores, or
to the flower for protection against desiccation
and several other abiotic factors (Bottega, &
Corsi, 2000; Castro, Vega, & Mulgura, 2001;
Simdes, Castro, & Kinoshita, 2006).

Adenocalymma magnificum Mart. ex DC.
is a liana with large flowers and an attractive
corolla that has extrafloral nectaries as well
as peltate and capitate trichomes (Solereder,
1908). Regarding the latter, there is a shortage
of information, especially with respect to the
anatomical and ultrastructural aspects, making
the interpretation of the ecological function
difficult. With this in mind, the present study
investigated the development and functional
aspects of the glandular trichomes of the inner
calyx surface of 4. magnificum.

MATERIAL AND METHODS

A. magnificum Mart. ex DC. fresh samples
of three flower calyx in anthesis and flow-
er buds specimens at different development
stages, were randomly chosen and collected
between May and July of 2011 and 2012 (with
average rainfall of 224.5mm and 145.35mm,
respectively per year). The plants were located
and obtained from along the roadsides of
Marudé city (PA-318), under this coordinates
00°42°42” S -47° 41’ 45” WQGr, in the state of
Para, Brazil. Voucher specimens were prepared
and deposited in the herbarium Jo3o Murca
Pires (MG 203513).

For the anatomical analysis using light
microscopy, all the samples were fixed in FAA
and neutral-buffered formalin for 24 and 48
hours respectively, dehydrated in an ethanol
series and embedded in Paraplast (Leica Micro-
systems Inc., Heidelberg, Germany). Cross
and longitudinal sections (8-13um) were made
using a rotary microtome and subsequently
stained in Safranin and Astra Blue (Gerlach,
1984). The following histochemical tests were
carried out: PAS reaction for total polysaccha-
rides (McManus, 1948), Sudan black B for total
lipids (Pearse, 1980), ferric chloride for pheno-
lic compounds (Johansen, 1940), and Nile blue

A, for neutral and acidic lipids (Cain, 1947).
Standard control procedures were carried out
simultaneously for all histochemical tests.

The material designated for transmis-
sion electron microscopy (TEM) analysis was
fixed in 2.5% glutaraldehyde for 24 hours,
postfixed in 1% osmium tetroxide in 0.1M
phosphate buffer, pH 7.2, dehydrated in an
acetone-solution series and embedded in Spurr
resin (Roland, 1978). Ultrathin sections were
made and counterstained with uranyl ace-
tate (Hayat, 1972) and lead citrate (Reynolds,
1963) for further analysis on a Zeiss EM 900
electron microscope.

The samples for scanning electron micros-
copy (SEM) analysis were fixed in 2.5% glu-
taraldehyde for 24 hours, post fixed in 1%
osmium tetroxide in 0.1M phosphate buffer, pH
7.2, dehydrated in ethanol series up to 100%
and critical point drying (Robards, 1978). The
dried material was placed on aluminum stubs,
sputter-coated with a thin gold layer and exam-
ined in a LEO 1450 VP electron microscope.

RESULTS

Distribution and ontogeny: The A. mag-
nificum trichomes are capitate glandular (Fig.
1A), characterized by a long peduncle com-
posed of two to nine cells, including two apical
cells (collar cells), and a multicellular secretory
head, composed of up to 10 columnar-shaped
cells, arranged in a disk. These trichomes are
randomly distributed, occupying a large inner
surface area of the calyx along its entire length
(Fig. 1B) and is also visible on the flower buds.

The capitate trichome originates from the
protodermis on the adaxial face of the calyx.
The trichome precursor cell is larger than the
adjacent ones, whose projection is slightly lat-
eral with a spherical nucleus (Fig. 1C). Initially,
this cell increases in volume and later under-
goes a periclinal division (Fig. 1D), becoming
a bicellular structure, formed by a peduncle cell
and a conical apical cell, where it undergoes
successive periclinal divisions (Fig. 1E). It
is composed of a uniseriate row of nine cells
(Fig. 1F), which corresponds to eight cells of
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Fig. 1. Structure and development of Adenocalymma magnificum capitate glandular trichome. A. Final structure of the
capitate glandular trichome in SEM. B. Distribution of the trichomes in the calyx inner surface. C - 1. Capitate glandular
trichome development. C. Precursor cell with lateral projection. D. First periclinal division. E. Successive periclinal
divisions. F. Uniseriate row. G. Collar cell evidencing the anticlinal division. H. Peduncle apical cells side by side (collar
cells). I. Capitate glandular trichome adpressed.
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the peduncle and the initial cell of the secretory
head. This apical cell passes through several
anticlinal divisions, which extends forming a
columnar multiseriate secretory head, con-
taining up to 10 columnar cells arranged in a
disk. After this stage, the collar cell, which is
under the secretory head, divides anticlinally
(Fig. 1G) and arranges itself side by side with
the mother cell (Fig. 1H). As they develop,
they will bend, with some of them becoming
adpressed to the calyx (Fig. 1B-I).

Secretion and ultrastructure: Histo-
chemical tests indicated that the secretory
head cells produce lipid substances (Fig. 2A)
and acidic lipids on the secretory head (Fig.
2B); phenolic compounds (Fig. 2C) were
also detected.

The peduncle cells (Fig. 3A and Fig. 3B)
have thick anticlinal walls, with the two api-
cal cells (collar cells) thicker when compared
to the others. The cytoplasm of these cells is
sparse and has electron dense droplets, consti-
tuted of lipophilic phenolic compounds.

In the secretory cells of the trichome
head, the vacuome is dispersed (Fig. 3C) and
the cytoplasm possesses a prominent smooth

endoplasmic reticulum, several leucoplasts and
mitochondria (Fig. 3D).

The leucoplasts are present in large quan-
tities in the secretory cells and possess var-
ied shapes with a reduced inner membrane
system (Fig. 3E). In the stroma, there are
osmiophilic drops that are usually partially or
totally surrounded by the periplastidial endo-
plasmic reticulum (Fig. 3D). Smooth endo-
plasmic reticulum was strictly associated with
such lipophilic substances, producing phenolic
compounds (Fig. 3F).

During this secretory stage, the cells
exhibit vesicles located near the plasma mem-
brane. Therefore, the secretion process is mero-
crine and the extrusion is probably carried
out through these vesicles (Fig. 3E), which
transport these compounds from the inside
of the cell to its periphery, where the vesicle
membrane possibly merges with the plasma
membrane. When this occurs, the periplasmic
content will cross the cell wall (Fig. 3QG),
reaching the cuticle and continuing past the
external side and reveals the granulocrine
release. In some regions of the secretory cells
cuticle detachment was observed; however,
the accumulation of secretions in the resultant
subcuticular space was not observed.

Fig. 2. Histochemical tests on glandular trichomes of calyx of Adenocalymma magnificum in secretory stage. A. Lipid
substances identified by Sudan Black B. B. Acidic lipids on secretory cells. C. Phenolic compounds on the secretory head,
evidenced by ferric chloride.
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Fig. 3. Ultrastructure of the capitate glandular trichomes of Adenocalymma magnificum in secretory stage. A - B. Peduncle
cell. A. Overview, note the thick wall. B. Thick wall and electron dense droplets. C - G. Secretory head cells. C. Overview
of the cells which constitute the trichome head. D. Detail, demonstrating the most common organelles in the trichome:
smooth endoplasmic reticulum, leucoplasts and mitochondria; note endoplasmic reticulum involving the leucoplast. E.
Vesicles being produced next to dictyosomes and leucoplasts with a few inner membranes. F. Smooth endoplasmic reticulum
producing phenolic compounds (arrow). G. Phenolic compounds crossing the cell wall to be released; partial distension of
the cuticle. Abbreviations: cu, cuticle; cw, cell wall; di, dictyosomes; er, smooth endoplasmic reticulum; hc, head cells; le,
leucoplast; mi, mitochondria; pc, phenolic compound; va, vacuole; vs, vesicles.
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DISCUSSION

In this study, the glandular trichomes of
A. magnificum were analyzed using micromor-
phological data in an ontogenetic sequence to
better understand the glandular activities occur-
ring in this trichome. The glandular trichome
consists of a long peduncle composed of two
to nine cells and a multicellular secretory head,
columnar shaped, arranged in a disk.

A considerable diversity of capitate glan-
dular trichomes, varying in peduncle size and
secretory head cell shape and number, has been
detected in taxa related to the Order Lami-
ales, belonging to Bignoniaceae (Ascensdo,
Marques, & Pais, 1995; Combrinck, Du Plooy,
McCrindle, & Botha, 2007; Juri$i¢ Grubesic,
Vladimir-Knezevi¢, Kremer, Kalodera, &
Vukovi¢, 2007). The glandular trichome mor-
phological diversity, according to Ascensao,
Mota, and Castro (1999), is associated with
distinct secretion processes and distinct exu-
date chemical composition. On the capitate
glandular trichome of A. magnificum, the his-
tochemical analysis indicated the presence of
lipophilic substances in the secretion contained
in the trichome head.

In the ultrastructural analysis, the impreg-
nation of the anticlinal surfaces of the peduncle
cell by lipid compounds was observed. They
appear to prevent apoplastic transport and
block the secretion reflux, making the extru-
sion easier; the same was described for other
secretory structures (Fahn, 2000; Paiva, 2009;
Paiva, & Martins, 2011).

The presence of smooth endoplasmic retic-
ulum, plastids with strongly electron-dense
stroma, developed dictyosomes and large quan-
tity of lipid drops along the cytoplasm are evi-
dence of a predominant lipid secretion (Fahn,
1979; Machado, Gregoério, & Guimaraes, 2006;
Sacchetti et al.,, 1999). This ultrastructural
observation is corroborated by the positive his-
tochemical test for Sudan black B.

The secretory cells possess a prominent
smooth endoplasmic reticulum, several leuco-
plasts and mitochondria. These three organelles

are the predominant ones and are involved in
the production of osmiophilic substances. The
significant presence of smooth endoplasmic
reticulum and plastids indicate lipid produc-
tion; however, little is known about mitochon-
dria also being involved in this process. In the
capitate glandular trichomes of the 4. magnifi-
cum calyx, electron-dense drops were observed
inside this structure, which suggests that the
production is partially performed by the mito-
chondria as well. This association is unusual
but was previously confirmed in oil glands
of Citrus (Thomson, Platt-Aloia, & Endress,
1976) and also in terpenoid biosynthesis (Cro-
teau, Kutchan, & Lewis, 2000).

According to Schmid and Ohlrogge
(2002), the mitochondria are probably the most
detailed organelles investigated regarding lipid
metabolism. Their ability to synthesize phos-
phatidylglycerol and cardiolipin is well-known.
Mitochondria were also demonstrated as syn-
thesizing low levels of fatty acids originating
from malonate.

The capitate glandular trichomes of A.
magnificum may be involved in the plant’s
chemical defense against insects (Favorito,
2009). For a final conclusion regarding her-
bivory or other plant-environment interactions,
more studies are required to relate density pat-
terns of capitate glandular trichomes on adaxial
surface of A. magnificum calyx and the secre-
tion amount.

The study of ontogeny, morphology and
ultrastructure of the capitate glandular tri-
chomes of the calyx adaxial surface of A.
magnificum demonstrated that the production
of lipophilic substances is important for this
plant, possibly offering efficient protection
against herbivores.
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RESUMEN

Tricomas calicinales de Adenocalymma magnificum
(Bignoniaceae) que producen sustancias lipofilicas:
aspectos ultraestructurales y funcionales. Las estructuras
que secretan lipidos y compuestos fenolicos estan frecuen-
temente asociadas a la proteccion y desarrollo de 6rganos
que protegen contra la desecacion, ademas de la proteccion
que estas proporcionan contra el ataque de animales. Los
tricomas capitados de Adenocalymma magnificum son
estructuras de este tipo. Para comprender las actividades
glandulares que ocurren en estos tricomas es necesario
estudiar su ontogenia, estructura, ultraestructura y aspec-
tos histoquimicos. La interpretacion de sus funciones
ecoldgicas o historia evolutiva es compleja, y pocos son
los estudios que se enfocan en los tricomas calicinales no
secretores de néctar. Las muestras del caliz floral en ante-
sis y botones florales en diferentes estadios de desarrollo
fueron fijadas y procesadas de acuerdo con los métodos
para microscopia de luz y electronicos. Los tricomas de
A. magnificum estan aleatoriamente distribuidos en toda la
extension de la superficie interna del caliz, también obser-
vados en los botones florales. Estos tricomas son glandula-
res capitados, compuestos de un pedunculo largo que posee
hasta nueve células y una cabeza secretora multicelular,
con células en columnares dispuestas en disco. La célula
del collar, que esta sobre las células de la cabeza secretora,
se divide anticlinalmente organizandose lado a lado con las
células madre. Con el crecimiento de los tricomas, estos
mismos se curvan y algunos quedan adpresos al caliz. Las
pruebas histoquimicas indicaron que las células de la cabe-
za secretora producen sustancias lipidicas, lipidos acidos y
compuestos fenodlicos. En la cabeza secretora la vacuoma
esta dispersa y posee abundante reticulo endoplasmatico
liso y leucoplastos, los cuales son organelos involucrados
en el proceso de produccion de sustancias osmiofilicas. En
algunas regiones de las células secretoras la distension de
la cuticula fue observada, sin embargo, no fue verificada
la acumulacion de secrecion. Este trabajo describe por
primera vez el origen, desarrollo y proceso de secrecion
de tricomas calicinales de 4. magnificum, mostrando que
la produccion de substancias lipofilicas es importante
para esta especie, ofreciendo posiblemente proteccion
contra la herbivoria.

Palabras clave: Adenocalymma, tricomas capitados, lipi-
dos, compuestos fenolicos.
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