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Introduction
Psychotria L. is a pantropical genus in the tribe 

Psychotrieae (Robbrecht 1988). Psychotria nuda (Cham. 
& Schltdl.) Wawra is a widely distributed shrub that can be 
1 to 5 meters tall and is commonly called sonhos-de-ouro 
(golden dreams) (EMBRAPA 1994). This species is found 
throughout the Atlantic Forest along the eastern coast of 
Brazil. Even though colleters have been cited for some species 
of Psychotria (Whitmoyer & Horner 1970; Da Cunha & Vieira 
1993/97) they have never been described for Psychotria nuda.

Colleters are secretory structures comprised of an elongated 
central axis formed by fundamental parenchyma that is 
surrounded by an epidermal palisade layer (Da Cunha & Vieira 
1993/97) made of secretory cells (Thomas 1991). The function 
of colleters is still under debate but it is believed that they 
protect the shoot apex and the lateral buds by a physical or 
chemical mechanism. This type of structure has been described 
under various names (Ramayya & Bahadur 1968; Van Hove 
& Kagoyre 1974; Dave & Patel 1975; Curtis & Lersten 1980), 
making it complicated to morphologically classify.

According to Thomas (1991), colleters are known to 
occur on different plant parts, such as the stipules and parts of 
the fl ower, in members of 60 angiosperm families, including 
Rubiaceae, Loganiaceae, and Apocynaceae. A revision of the 
Turneraceae showed that the colleters of different species within 
this group are present on different plant parts (González 1998). 
In the Rubiaceae colleters are intimately associated with the 
stipules but can also be present on the adaxial surface or margin 
of the leaves, or with trichomes on the calyx (Thomas 1991).

The number of colleters and how they are arranged can 
vary: they can be numerous or rare, cover more or less of 
the central portion of the stipules and/or the calyx, or they 
can be located at the margin or arranged in one or more rows 
at the base of the stipules. Klein et al. (2004) observed that 
the colleters of Simira pikia are distributed in a line at the 
base of the stipule, while the colleters of S. glaziovii form 
two triangles at the base of the stipule. Miguel et al. (2006) 
observed that the colleters of three species of Bathysa are 
distributed at the base of the stipules.

Various classifications have been used to name the 
different morphological types of colleters. Lersten (1974b) 
classifi ed the colleters as standard and brushlike. Simões et 
al. (2006) lists the colleters in the Apocynaceae as laminar, 
standard, and sessile. Paiva & Machado (2006a) observed 
that the colleters of Hymenea are elongate and clavate, and 
covered by an additional layer of cells. Miguel et al. (2006) 
observed that Bathysa nicholsonii has the standard type of 
colleters. González (1998) used additional terminology to 
classify colleters.

Calcium crystals accumulate in aquatic and terrestrial 
plants and are often deposited in the form of raphide bundles 
of calcium oxalate (Franceschi & Nakata 2005). These 
crystals can protect the bark of a plant from insects (Hudgins 
et al. 2003), act as a defense against invertebrate (Korth et 
al. 2006) and vertebrate herbivory (Ward et al. 1997), and 
can also make the oxalate unavailable to plant cells.

The goal of this work was to describe the anatomy and 
the micromorphology of the colleters of Psychotria nuda.
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RESUMO – (Coléteres Estipulares em Psychotria nuda (Cham. & Schltdl.) Wawra (Rubiaceae): micromorfologia, anatomia e microanálise dos cristais). 
Coléteres são estruturas secretoras, com função protetora, que podem ocorrer em diferentes órgãos e em diversas famílias de Angiospermae. Esse trabalho teve 
como objetivo descrever a anatomia e micromorfologia dos coléteres estipulares presentes em Psychotria nuda (Cham. & Schltdl.) Wawra bem como analisar 
a estrutura e composição dos cristais do eixo central da estrutura em questão. O material foi coletado na Reserva Biológica de Tinguá e processado de acordo 
com técnicas básicas de microscopia óptica e eletrônica de varredura. Os coléteres de P. nuda são do tipo lacrimiforme, constituídos por um eixo central alon-
gado, formado por parênquima fundamental, circundado por um estrato epidérmico em paliçada responsável pela secreção mucilaginosa. Cristais do tipo ráfi de 
foram observados no eixo central dos coléteres. Através de microanálise de raio-X foi possível mostrar a presença predominante de cálcio nessas estruturas. 
Palavras-chave: cristais de oxalato de cálcio, coléteres, estrutura secretora, Rubiaceae

ABSTRACT – (Stipular colleters in Psychotria nuda (Cham. & Schltdl.) Wawra (Rubiaceae): micromorphology, anatomy and crystal microanalysis). 
Colleters are secretory structures, with a protective function, that occur in different organs and in many Angiospermae families. The aim of this work 
was to describe the anatomy and micromorphology of colleters present in Psychotria nuda (Cham. & Schltdl.) Wawra as well as analyze the structure 
and composition of crystals from the central axis of the structure under study. The material was collected at the Tinguá Biological Reserve and processed 
according to usual techniques for light and scanning electron microscopy. The colleters are of the lachrymiform type, with an elongated central axis, formed 
by fundamental parenchyma, sheathed by a palisade layer, responsible for the secretion. Raphid crystals were observed in the central axis of the colleters. 
By X-ray microanalysis it was possible to show calcium predominance in these structures.
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Material and methods

Plant material
The apices of the stems of adult individuals of Psychotria 

nuda were collected, at the Reserva Biológica de Tinguá, 
including the stipules and the shoot apex of each plant. The 
stipules were removed from the apex using forceps and a scalpel.

Light microscopy 
Fragments of the base of each stipule, including the 

colleters, were fi xed for two hours in a solution of water 
containing 2.5% glutaraldehyde and 4.0% formaldehyde 
diluted in a 0.05 M sodium cacodylate buffer, at ca. 7.2 
pH, at room temperature. The fragments were washed for 
45 minutes using the same buffer. They were post-fi xed for 
one-hour, in the dark, in a solution of water containing 1.0% 
osmium tetroxide diluted in a 0.05 M sodium cacodylate 
buffer, at ca. 7.2 pH, at room temperature. After washing 
the fragments three times for 45 minutes each, using the 
same buffer, the fragments were submitted three times for 
dehydration in an ascending cetone series (50%, 70%, 90%, 
100% [3X]); using a one-hour incubation period for each 
step. The fragments were then infi ltrated with epoxy resin 
(Epon Polibed). The polymerization of the resin was made 
at 60 ºC. Sections approximately 1 μm thick were made 
using an ultramicrotome with a glass blade (REICHERT 
ULTRACUT-S®). Toluidine blue (1.0%) was used to stain 
the sections, and permanent slides were mounted with 
Entellan®. Observations were made using an Axioplan 
ZEISS (Oberkohen, Germany) light microscope, coupled 
with a Hamamatsu C3077 digital camera and the software 
Analysis®- LINK/ISIS/ZEISS (Oxford, UK).

To observe the presence and the continuity of the cuticle, 
the colleters were mounted on slides in the dark and exposed 
to a water solution containing 0.01% Auramine O. After 15 
minutes of exposure the sections were covered with a cover 
slide and taken to the light microscope. Stained sections were 
observed under a fl uorescent microscope (excitation fi lter 
470 to 490 nm, and emission fi lter 515 to 565 nm). Sections 
not exposed to 0.01% Auramine O were used as the control 
(Barros & Miguens 1998).

Scanning electron microscopy (SEM)
For the SEM analysis, the material was treated, as 

described above, up to the step of dehydration. After 
dehydration the samples were subjected to CO2 critical point 
drying using a CPD-030 BAL-TEC (Liechtenstein). The 
stipule fragments and stem apices were mounted on stubs 
using carbon double-sided adhesive tape (3M) and carbon 
adhesive, and coated with 20 nm of gold using a sputter 
coater (SCD-050 BAL-TEC-Liechtenstein). The fragments 
were examined with a Zeiss (DSM 962) scanning electron 
microscope operating at 25 kV.

The qualitative analysis was performed by detecting 
X-ray energy that was dispersed from stipule fragments 
when using the SEM. In order to analyze the chemical 
elements present in the oxalate crystals, fresh stipules 
were immersed in liquid nitrogen for 20 minutes and 
then fractured. Fragments of the fractured stipules were 
mounted on stubs using carbon adhesive tape (3M) and 
liquid carbon adhesive, and coated with carbon (using 
a XCD-010 BAL-TEC, Liechtenstien). The qualitative 
analysis and the creation of the distribution map of the 
elements detected were performed using the same SEM, 
which was coupled to a silicium/lithium X-ray detector 
(OXFORD Microanalysis Group - Oxford, UK), with 138 
eV (1024 channels) nominal resolution, operating under 
standard conditions (voltage speed 25 KeV (SE); working 
distance of 25 mm; capturing microanalysis time of 300 
seconds with a Be window). Results were analyzed using 
the software LINK-ISIS (OXFORD Microanalysis Group 
- Oxford, UK).

Results and discussion
Psychotria nuda has stipules at the apex of the stem 

that are approximately 1 cm long (Fig. 1). None of the 
apices analyzed had signs of herbivorous damage, and the 
stipules were covered with a secretion that is produced by 
the colleters (Fig. 2). Colleters were observed on the adaxial 
surface of the stipules. These were comprised of a central 
axis of parenchyma surrounded by an epidermal palisade 
layer (Fig. 3 and 4). Trichomes were observed on the stipules 
next to the colleters (Figs. 3 and 4). 

Photosynthesis can occur in the stipules but the main 
function of these organs is to protect the development of 
young leaves (Fahn 1990). The results seen in our work 
corroborate with this conclusion. The morphology and size 
of the stipules apparently do not affect their ability to protect 
(Miguel et al. 2006). In P. nuda the secretion is viscid and 
becomes vitreous when dry, indicating that these organs and 
the secretion physically protect the shoot apex by preventing 
access to it. Miguel et al. (2006) showed that the secretion 
produced by the colleters of B. nicholsonii (Rubiaceae) has 
antifungal properties.

In general, the colleters are lacryform, cilyndric with a 
narrow base (Fig.5), sometimes with a tapering apex, and 
are attached basally to the leaf primordia (Fig. 6 and 7), 
next to trichomes.  Colleters between the leaf primordia and 
the stipule were observed embedded in their own secretion 
(Fig.7). It was noted that the external periclinal walls of the 
epidermal cells are smooth (Fig. 8).

There are various terms used to classify colleter 
morphology. The fi rst classifi cation was created by Lersten 
(1974a); however, the best morphological term proposed 
for this type of structure is lacryform, which is based on 
external morphology and follows the classification by 
González (1998).
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Figures 1–4. SEM of the shoot apex of P. nuda. 1. Stipules; 2. Close-up (square) showing the secretion (S) sealing the pair of stipules (E); 3. Longitudinal section of 
a stipule showing the colleters (C) and the trichomes (T); 4. Transversal section of the colleters and trichomes. Bars: 1 - 500 μm; 2, 3 and 4 - 200 μm.

Figures 5–8. SEM of the shoot apex of P. nuda. 5. Colleter; 6 and 7. Longitudinal section of the stipule showing the colleters (C) covered by the secretion (S), on the leaf 
primordia (PF) next to trichomes (T); stipule (E); 8. Colleter surface. Bars: 5, 6 and 7 - 200 μm; 8 - 20 μm.
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Observation of transversal sections, using light microscopy, 
revealed that the stem apex had colleters between the leaf 
primordia and outside of them (Fig. 9). These structures had 
never been noted on the adaxial surface of the leaf primordia 
in Rubiaceae. The transversal sections of the colleters also 
showed that these structures have a central axis formed by 
fundamental parenchyma that is surrounded by an epidermal 
palisade layer (Fig.10). The unisseriate palisade layer has 
a dense cytoplasm (Fig.11) with a thin cuticle, which was 
revealed by Auramine O (Fig. 12).

Morphological characteristics of the colleters, such as the 
constriction of the base, and anatomical characteristics, such 
as the vascularization of the central axis, are shared by other 
species in the Rubiaceae, for example, species of Bathysa 
(Miguel et al. 2006), Pavetta, Neorosea and Tricalysia 
(Lersten 1974a), Simira (Klein et al. 2006), and also taxa 
of other families, such as Mandevilla in the Apocynaceae 
(Appezzato-da-Gloria & Estelita 2000). These characteristics 
do not seem to be diagnostic to the Rubiaceae, but can 
contribute to the classifi cation of the family at the generic 
level (Lersten 1975; Da Cunha 2005).

According to Paiva and Machado (2006b), the colleters 
of Caryocar brasiliense have dense cytoplasm and a 

subcuticular gap that is formed by the dislocation of the 
cuticle from the cell wall. At a certain point the cuticle 
tears and the secretion is released. Miguel et al. (2006) 
and Klein et al. (2004) observed that the continuity of the 
cuticle and the absence of a subcuticular gap, as noted in 
P. nuda, are characteristics that appear to be conserved in 
the Rubiaceae.

Numerous raphide bundles and styloid crystals were 
observed between the shoot apex (Fig.13) and the stipule 
(Fig.14). Only raphide bundles were observed in the 
parenchyma of the central axis (Fig.15). 

The qualitative analysis of the chemical elements that 
constitutes the crystals revealed a predominance of calcium 
(Fig.16). The map of the distribution of calcium shown in 
Speed Map® (Fig.17) coincided with the location of crystals 
(Fig.18).

The presence and the function of the calcium crystals in 
the colleters are debatable (Thomas 1991). However, this is 
the fi rst description of raphide bundles in the central axis of 
a lacryform colleter. Based on the diversity and the spatial 
distribution of the crystals, there are numerous hypotheses 
for their function, including calcium regulation, protection, 
and detoxifi cation (Franceschi & Nakata 2005).

Figures 9–12. Light microscopy of the shoot apex and colleters of P. nuda. 9–11. Samples stained with toluidine blue. 12. Free-hand section stained with Auramine 
O. 9. Transversal section of the apex of the stem showing the presence of colleters between the leaf primordia (arrow), next to the stipule (arrowhead); 10. Trans-
versal section of a colleter showing the central axis (EC) and the secretory epidermal palisade (EP); 11. Close up of the secretory epidermis; 12. Auramine O stain 
showing the presence of a thin cuticle highlighted by fl uorescence: leaf primordia (PF); stipule (E); secretion (S). Bars: 9 - 500 μm; 10 and 12 - 50 μm; 11 - 100 μm.
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Figures 13–15. SEM of the stem apex and colleters of P. nuda. 13. Apical meristem (MAC) and surrounding regions, note the abundance of raphide bundles and 
styloid crystals; 14. Close up of the raphide bundles and styloid crystals on a stipule. 15. Transversal section of a colleter showing the raphide bundles in the central 
axis (arrow). Bars: 13 - 500 μm; 14 - 50 μm; 15 - 100 μm.

Figures 16–18. Microanalysis of an X-ray of the crystals of P. nuda. 16. Qualitative analysis of the constitution of the chemical elements of the crystals; 17. Raphide 
bundles in a stipule (secondary electrons); 18. Speed Map® showing where calcium is present in the former image. Bars: 17 and 18 - 50 μm.
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Hanley et al. (2007) mentioned that the crystals are part 
of the structural defense of the plants. Ruiz et al. (2002) 
showed the distribution of calcium oxalate crystals in the 
leaf mesophyll of Pancratium sickenbergeri, and this work 
revealed that larvae avoid the parts of the leaf that contain 
these crystals.

More studies are needed to fully understand the function 
of the calcium crystals in the colleters of Psychotria nuda.
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