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“Tudo aprendemos juntos; juntos aprendemos a elevar-nos sobre 

nós, e a sorrir, sem nuvens, para baixo, com límpidos olhos, desde 

remotas paragens, quando a nossos pés se desvanecem como 

névoa vaporasa, a imposição, o fim e o erro.” 

Friendrich Nietzsche – Assim falou Zaratustra 

 

 

“Poco a poco he descubierto el secreto de mi arte. Se trata de la 

meditación sobre la naturaleza, en la expresión de un sueño que 

siempre está inspirado en la realidad.” 

Henri Matisse  

 

 

“Se não houver frutos, valeu a beleza das flores; se não houver 

flores, valeu a sombra das folhas; se não houver folhas, valeu a 

intenção da semente.” 

Henfil  
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Abstract 

  

The colleters of Apocynaceae are glands related to different types of protection 

of vegetative and floral meristems through the production of mucilage or a 

mixture of many different compounds. Although several anatomical papers have 

shown histological and histochemical aspects of colleters of the family, almost 

nothing is known about the secretory process of the cells of this gland. In this 

paper we studied two types of colleters that occur in the family: what produces 

exclusively mucilaginous secretion and what produces mucilage and lipophilic 

compounds, being analyzed in two species for each type of colleter. The 

secretory epidermis of the colleters of Allamanda schottii and Blepharodon 

bicuspidatum presents a large amount of dictiosomes and endoplasmic 

reticulum, a dispersed vacuoma composed of small vacuoles with fibrilar 

osmiophilic material, leucoplasts with large amount of starch and few thylakoids, 

as well as large mitochondria. The mode of secretion release is granulocrine 

and the exudate crosses the cuticle without breaking it by projections of pectin 

reaching the surface. The secretory cells of the colleters of Mandevilla 

splendens and Peplonia axillaris have completely different ultrastructure and 

secretion from those of Allamanda schottii and B. bicuspidatum. Plastids and 

mitochondria are observed, as well as a profusion of dictiosomes and their 

vesicles in association with the rough endoplasmic reticulum near the cell 

membrane. The secretion is mainly observed in the cisterns and vesicles of the 
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trans face of the dictiosomes, indicating the production of a great amount of 

mucilage. The mechanism of secretion release is also granulocrine, but the 

secretion is temporarily accumulated in a large periplasmic space before 

crossing the cell wall and the cuticle. Two distinct patterns of secretion 

production and release were found in the colleters of Apocynaceae that are 

related to the composition of the secretion and not to the group to which the 

species analyzed belong. Although the colleters in the family are histologically 

similar, the present paper demonstrates a metabolic and subcellular variability 

until then unknown to the group. 

Key-words: Apocynaceae, foliar colleters, cytochesmistry, secretory process, 

release mode. 
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Resumo 

 

 Os coléteres de Apocynaceae são glândulas relacionadas a diferentes 

tipos de proteção de meristemas vegetativos e florais através da produção de 

mucilagem ou uma mistura de muitos compostos distintos. Apesar de vários 

trabalhos anatômicos terem demonstrado aspectos histológicos e 

histoquímicos de coléteres da família, não se sabe quase nada sobre o 

processo secretor das células desta glândula. Neste trabalho estudamos dois 

tipos de coléteres que ocorrem na família: o que produz secreção 

exclusivamente mucilaginosa e o que produz mucilagem e compostos 

lipofílicos, sendo analisada em duas espécies para cada tipo de coléter. A 

epiderme secretora dos coléteres de Allamanda schottii e Blepharodon 

bicuspidatum apresenta grande quantidade de dictiossomos e retículo 

endoplasmático, um vacuoma disperso composto por pequenos vacúolos com 

material osmiofílico fibrilar, leucoplastos com grande quantidade de amido e 

poucos tilacóides, além de mitocôndrias grandes. O modo de liberação da 

secreção é granulócrino e o exsudato atravessa a cutícula sem rompê-la por 

meio de projeções de pectina que alcançam a superfície. As células secretoras 

dos coléteres de Mandevilla splendens e Peplonia axillaris possuem 

ultraestrutura e secreção e completamente distintos dos de Allamanda schotti e 

B. bicuspidatum. Observam-se plastídeos e mitocôndrias, além de uma 

profusão de dictiossomos e de suas vesículas em associação ao retículo 
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endoplasmático rugoso próximo à membrana plasmática. A secreção é 

principalmente observada nas cisternas e vesículas da face trans dos 

dictiossomos, indicando a produção de grande quantidade de mucilagem. O 

mecanismo de liberação da secreção também é granulócrino, mas a secreção 

é temporariamente acumulada em um amplo espaço periplasmático, antes de 

atravessar a parede celular e a cutícula. Dois padrões distintos de produção e 

liberação da secreção foram encontrados nos coléteres de Apocynaceae que 

estão relacionados à composição da secreção e não ao grupo ao qual as 

espécies analisadas pertencem. Embora os coléteres na família sejam 

histologicamente semelhantes, o presente trabalho demonstra uma 

variabilidade metabólica e subcelular até então desconhecida para o grupo. 

Palavras-chave: Apocynaceae, coléteres foliares, citoquímica, processo 

secretor, modo de liberação. 
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General Introduction 

  

Among the various secretory structures present in vegetative and/or 

reproductive organs of eudicots, the colleters stand out as glands whose 

secretion permeates and protects the meristems and organs in development 

(Fahn 1979, Thomas 1991, Ribeiro et al. 2017). Structurally, the colleters can 

be multicellular trichomes, vascularized or non-vascularized emergences (Fahn, 

1979, 1990, Thomas 1991, Lacchia et al. 2016). The concept of colleter is 

functional and there is no relation to its structure. Due to this concept and 

structural similarity between colleters and other secretory structures, some 

authors have already described them as extrafloral nectaries and resin glands 

(Arekal & Ramakrishna 1980, Inamdar et al. 1985, Mohan & Inamdar 1986, 

Subramanian et al. 1989, Thomas 1991). Although these descriptions are 

mistaken in relation to the typification of the gland, they were based on 

structural and/or histochemical data, a fact that indicates the diversity of 

compounds that can be produced by this glandular type and that, only with a 

analysis of its position, period of secretory activity, composition and function of 

the secretion, it is possible to identify the structure correctly as a colleter 

(Ribeiro et al. 2017). 

 According to Thomas (1991), the colleters are present in the adaxial face 

of different organs of around 60 families and in four of the five families of the 

order Gentianales, such as Apocynaceae, Gentianaceae, Loganiaceae and 
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Rubiaceae. In general, in Gentianales, the foliar colleters usually occur on the 

nodes or stipules (Solereder 1908, Thomas 1991). Rubiaceae stands out for 

presenting the most derivative morphological types of colleters, which can be 

classified as conical emergences with or without stalk and eventually trichomes 

(Thomas & Dave 1991). 

Apocynaceae 

 Apocynaceae is one of the largest and most representative families of 

angiosperms, containing five subfamilies: Rauvolfioideae Kostel., Apocynoideae 

Burnett, Periplocoideae R.Br. ex Endl., Secamonoideae Endl. e 

Asclepiadoideae R. Br. Ex Burnett (Endress & Bruyns 2000, Endress 2004, 

Simões et al. 2010); 25 tribes and 49 subtribes, counting on about 366 genera 

and approximately 5100 species (Endress 2004, Endress et al. 2014). 

 In Brazil, this family is currently represented by about 90 genera and 

approximately 850 species (Souza & Lorenzi 2005) distributed in several 

vegetation formations, being trees, shrubs, lianas or herbs, having in common 

the presence of latex in their organs. The leaves are simple, opposite, 

eventually alternate (Thomas & Dave 1991, Marcondes-Ferreira 1999, Judd et 

al. 2002, Simpson 2006) and have stipules modified in colleters in several 

species (Capelli et al. 2017). The family stands out for presenting the most 

elaborate flowers among the eudicots (Kunze 1991, Endress 2016) and the 

largest number of gland types in the same structure among the angiosperms 

(Demarco 2017a). 
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 Many floral secretory structures of Apocynaceae are involved in the 

production of different compounds of secondary metabolism that play a role in 

defense or are related to pollination, such as: colleters, glandular trichomes, 

laticifers, secretory idioblasts, nectaries (primary and secondary), osmophores, 

style head, tapetum, staminal wing gland, extracarpelar compitum, stylar canal 

and obturator (Fallen 1986, Vogel 1990, Kunze 1991, 1995, 1997, 1999, 

Thomas 1991, Appezzato-da-Glória & Estelita 1997, 2000, Galetto 1997, Torres 

& Galetto 1998, Sennblad et al. 1998, Lin & Bernardello 1999, Rio et al. 2002, 

2005, Vieira & Shepherd 2002, Rio & Kinoshita 2005, Demarco et al. 2006, 

Simões et al.2006, 2007, Gomes et al. 2008, Castro & Demarco 2008, Demarco 

2017a, b). 

Colleters 

 Morphologically, the colleters of this family can be stalked or sessile, 

whose secretory portion is elongated and conical (Demarco 2005, 2017a, 

Barreiro & Machado 2007, Canaveze & Machado 2015). They vary 

morphologically and may be of standard type, bipartite, sessile and bipartite 

sessile (Martins 2012). Standard colleters were recorded for Asclepias 

curassavica, Chloropetalum denticulatum, Fischeria stellata, Peplonia axillaris, 

Oxypetalum banksii (Demarco 2008), Temnadenia violacea (Martins et al. 

2010), Secondatia densiflora (Martins et al. 2013) and for Tabernaemontana 

catharinensis (Canaveze & Machado 2015) which also presented bifurcated, 

trifurcated and sessile types as in Blepharodon bicuspidatum (Demarco 2005). 
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Despite this morphological diversity, standard colleters are predominant among 

members of Apocynaceae (Thomas 1991, Rio et al. 2002). 

Distribution 

 The occurrence of colleters was recorded in 67 of the 366 genera of 

Apocynaceae and are mentioned in the taxonomic descriptions of members of 

the five subfamilies (Woodson & Moore 1938, Rao & Ganguli 1963, Ramayya & 

Bahadur 1968, Fjell 1983, Dave et al. 1987, Thomas et al. 1989, Thomas & 

Dave 1989a,b, 1991, Thomas 1991, Appezzato-da-Glória & Estelita 2000, 

Endress & Bruyns 2000, Canaveze & Machado 2015, Endress et al. 2014, 

Demarco 2017a). Despite several records on the occurrence of colleters in 

Apocynaceae, these structures may be absent in some genera (Endress & 

Bruyns 2000, Demarco 2005). Both the aspect and the distribution of colleters 

have a great taxonomic relevance in Apocynaceae and were mentioned in the 

taxonomic descriptions of the five subfamilies (Sennblad et al. 1998, Endress & 

Bruyns 2000). 

Anatomy 

 The secretory portion is formed by a uniseriate epidermis composed by 

columnar cells arranged in palisade covered by a fine cuticle and a non-

secreting parenchymatic axis, whose cells are elongated longitudinally (Thomas 

& Dave 1989b). However, some species have structural variations and may 

present a phenolic hypoderm, which gives a dark color to the foliar colleters as 

in Matelea, or a bisseriate secretory epidermis in some regions as observed in 
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Allamanda and Roupelia (Ramayya & Bahadur 1968, Thomas et al. 1989b, 

Demarco 2008). In addition, secretory idioblasts and laticifers can be found in 

the central axis of colleters in several genera (Barros 1986/1988, Subramanian 

et al. 1989, Appezzato-da-Glória & Estelita 2000, Demarco 2008). 

 Most species of Apocynaceae have non-vascularized colleters (Demarco 

2017a) but vascularized colleters were recorded in Dregea, Mandevilla and 

Prestonia (Arekal & Ramakrishna 1980, Appezzato-da-Glória & Estelita 2000, 

Rio et al. 2002). In Mandevilla, foliar colleters may or may not be vascularized, 

depending on the proximity to the vascular system of the leaf (Appezzato-da-

Glória & Estelita 2000), and vascular tissues were observed in Temnadenia 

violacea (Martins et al. 2010). According to Thomas and Dave (1991), the 

presence of vasculature is an important evolutionary step for colleters. 

Secretion 

 The secretion of the colleters is viscous and can be constituted by 

mucilage, resin (Thomas 1991) or a mixture of mucilage and lipophilic 

substances (Fahn 1979, 1990, Castro & Demarco 2008, Demarco 2017a, 

Ribeiro et al. 2017). Histochemical studies have shown that the colleters of 

Apocynaceae secrete mainly mucilage, which involves the apex and organs in 

the early stages of development, protecting them against desiccation, besides 

lipids that prevent the proliferation of fungi and can immobilize small 

phytophagous (Ribeiro et al. 2017).  
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 The presence of lipophilic compounds was verified in species of 

Allamanda, Alstonia, Asclepias, Blepharodon, Colotropis, Chloropetalum 

(=Matelea), Mandevilla, Fischeria, Oxypetalum, Plumeria and 

Tabernaemontana (Mohan & Inamdar 1986, Kuriachen & Dave 1989, Thomas 

& Dave 1989a,b, Appezzato-da-Glória & Estelita 2000, Canaveze & Machado 

2015, Ribeiro et al. 2017). The production of lipophilic compounds varies 

depending on the species analyzed. In Asclepias, Blepharodon, Chloropetalum, 

Fischeria, Oxypetalum and Plumeria, they are continuously produced from the 

initial to the final stage of development (Mohan & Inamdar 1986, Demarco 

2005, Castro & Demarco 2008, Ribeiro et al. 2017). However, in Allamanda, 

secretion of the lipophilic fraction is higher in young colleters and ceases mature 

ones (Thomas & dave 1989a), and in Mandevilla, they are released in a second 

secretory phase, after colleters cease the production of mucilage (Appezzato-

da-Glória & Estelita 2000). This second secretory phase was also recorded in 

Forsteronia, in which the cells begin to accumulate phenolic compounds (Rio 

2006).  

Origin 

 Foliar colleters are already initiated in the first node and in the adaxial 

region of the foliar primordium (Demarco 2005). In some cases, the colleters 

are modified stipules. Ontogenetic analyses of laminar and petiolar colleters 

demonstrate that they are simply enations of restricted leaf portions but 

interpetiolar colleters derive from two groups of meristematic cells that develop 
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from the base of the petiole (stipules) at the beginning of the leaf primordium 

development (Capelli et al. 2017). In all twelve genera of Apocynaceae studied 

by these authors, the stipules grow like two meristematic masses one towards  

the other and merge into a stipular arch from which the interpetiolar colleters 

originate. 

 This study aims to analyze and describe ultrastructurally the colleters of 

Apocynaceae verifying the similarities and differences in relation to the 

production and release of the different compounds that constitute their 

secretion. 
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INTRODUCTION 

The secretion of the colleters is viscous and may consist of mucilage, 

resin (Thomas 1991) or a mixture of mucilage and lipophilic substances (Fahn 

1979a, 1990, Castro & Demarco 2008). Histochemical studies have 

demonstrated that the colleters of Apocynaceae are found in the shoot apex 

and floral calyces and secrete mainly mucilage and lipids, which involves the 

meristems and developing organs, protecting them against desiccation, fungi 

and/or small phytophagous insects (Ribeiro et al. 2017). The complete 

production of the colleter secretion occurs in the epidermal cells. These 

secretory cells have a dense cytoplasm with a heterogeneous aspect and many 

vacuoles of various sizes with lipophilic content (Demarco 2008). 

 The secretion of the colleters is accumulated in a periplasmic space 

before being released to outside through the wall and the cuticle, without 

breaking it (Rio et al. 2002, Demarco 2005, 2008, Marasca 2008, Canaveze & 

Machado 2015). However, the release of secretion through rupture of the cuticle 

has already been reported to the family (Fjell 1983, Kuriachen & Dave 1989, 

Fahn 1990, Schwarz & Furlan 2002) and there are reports of separation of cells 

due to dissolution of the middle lamella related to secretion release (Mohan & 

Inamdar 1986, Thomas & Dave 1989a, Appezzato-da-Glória & Estelita 2000). In 

Tabernaemontana catharinensis, evidence of eccrine and granulocrine 

secretion types was observed (Canaveze & Machado 2015), reinforcing the 
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need for further studies with the group to verify the various aspects of the 

secretory process in other species. 

 Considering that some species have colleters whose secretion is 

heterogeneous, composed of mucilage and lipophilic substances, and others 

have exclusively mucilaginous secretion (Ribeiro et al. 2017), an analysis of the 

secretory mechanism of the different colleters is relevant to understand the 

evolution of the gland in this group. Due to the lack of ultrastructural studies in 

the family demonstrating the production mode of the secretion and its release to 

the outside, we aim to describe the secretory cells of colleters in four species of 

Apocynaceae with different secretion composition. We have also performed the 

first comparative analysis of the subcellular secretory mechanisms in relation to 

the secretion metabolites in colleters. 

 

Material and methods 

The individuals were collected in São Paulo/SP and in the Parque 

Estadual da Serra do Mar in Ubatuba/SP. Voucher was provided for each 

species through the collection of reproductive branches and the deposit of 

exsiccates in the Herbarium SPF (USP). 

 The species chosen for the present study were selected based on the 

type of secretion produced, according to a previous histochemical study 

(Ribeiro et al. 2017) and personal observation, namely: 
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 Allamanda schottii Pohl (Rauvolfioideae) – production of a 

heterogeneous secretion. 

 Blepharodon bicuspidatum E.Fourn. (Asclepiadoideae) – production of a 

heterogeneous secretion. 

 Mandevilla splendens (Hook.f.) Woodson (Apocynoideae) – production of 

a mucilaginous secretion. 

 Peplonia axillaris (Vell.) Fontella & E.A.Schwarz. (Asclepiadoideae) – 

production of a mucilaginous secretion. 

Scanning electron microscopy 

For the micromorphological study, shoot apices were fixed in FAA 

(formalin, acetic acid and ethyl alcohol) for 24 h (Johansen 1940), isolated, 

dehydrated in ethanol series, dried by the critical point method, mounted on 

aluminum stub and covered with gold, with subsequent observation in a Jeol 

JSM 5800 LV scanning electron microscope. 

Light microscopy 

For the anatomical analysis, shoot apices and the subsequent nodes 

were isolated, fixed in BNF (buffered neutral formalin) in 0.1M sodium 

phosphate buffer, pH 7.0 (Lillie 1965) for 48h, dehydrated in a butyl series 

(tertiary butyl alcohol; Johansen 1940), embedded in Paraplast (Leica 

Microsystems Inc., Heidelberg, Germany) and sectioned transversely and 

longitudinally in a Leica RM2145 rotary microtome. The thickness of the 

sections ranged from 10 to 12 µm. The sections were stained with astra blue 
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and safranin (Gerlach 1984) and the slides mounted in synthetic resin. The 

observations and the photographic records were performed under a Leica 

DMLB light microscope (Leica Microsystems Inc., Heidelberg, Germany). 

Transmission electron microscopy 

For the ultrastructural study, shoot apices were isolated and fixed in 2.5 

% glutaraldehyde in 0.1M sodium phosphate buffer, pH 7.2, postfixed in 1% 

osmium tetroxide, dehydrated in a graded ketone series and included in Spurr 

resin. The sectioning was performed in a Leica Ultracut UCT (Leica 

Microsystems Inc., Heidelberg, Germany) and the ultrathin sections were 

stained with uranyl acetate (Watson 1958) and lead citrate (Reynolds 1963) 

with subsequent observation in a Zeiss EM900 transmission electron 

microscope. 

 For the analysis of the secretory activity, cytochemical tests were 

performed using ruthenium red for detection of acidic carbohydrates (Luft 1971), 

imidazole-buffered osmium tetroxide for lipids (Angermüller & Fahimi 1982) and 

PATAg (periodic acid, thiosemicarbazide and silver proteinate; Thiéry 1967) for 

polysaccharides, facilitating the observation of the interaction between the 

organelles of the endomembrane system. 
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Results 

In all the analyzed species, the foliar colleters have similar morphology 

and anatomy, standing out the absence of vasculature, and vary only in relation 

to the presence or absence of stalk. 

Distribution 

 Colleters are located in the shoot apices and are easily observable to the 

naked eye in the nodal regions, occupying petiolar and interpetiolar positions. 

The interpetiolar ones occur on the sides of the petioles in Allamanda (Fig. 1a, 

b), and they are distributed continuously between the petioles in Blepharodon, 

Mandevilla and Peplonia (Fig. 1c-f). The petiolar colleters are located at the 

base of the petioles, near the leaf axile in Allamanda (Fig. 1a-b) and Mandevilla, 

or in the distal portion of the petiole near the leaf blade in Blepharodon (Fig. 1d) 

and Peplonia. 

Morphology 

 Foliar colleters are conical, entire, rarely bifid and deciduous. They have 

a broad base in Allamanda (Fig. 1a, b) and in Peplonia (Fig. 1f) and are 

rectilinear in Blepharodon and Mandevilla (Fig 1c-e). Morphologically the 

colleters can be of two types, stalked and sessile. Allamanda (Fig. 2a), 

Blepharodon (Fig. 2c) and Mandevilla (Fig. 1e) have stalked colleters, and 

Peplonia has sessile ones (Fig. 2e). 
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Anatomy 

 Anatomically, the stalked colleters present a non-secretory basal portion 

while the sessile ones are completely coated by a secretory epidermis. In all 

species, the secretory portion of the colleters present a non-secretory 

parenchymatic axis devoid of vascularization formed by cells elongated 

longitudinally in relation to the colleter and covered by a secretory epidermis 

uniseriate, composed by rectangular cells in palisade (Fig. 2d-f). Epidermal cells 

have fine walls and cuticle, dense cytoplasm (Fig. 2b, f, g) and vacuoles of 

various sizes (Fig. 2g, h). Cells in the early stage of the secretory process have 

vacuoles occupying the basal portion of the cells (Fig. 2g). And those in the final 

phase of the secretion present one large central vacuole occupying most of cell 

lumen, as well nucleus with a conspicuous nucleolus (Fig. 2h). The colleters 

secrete a viscous white exudate, which permeates whole the shoot apex (Fig. 

1b, 2a, b). No fungal proliferation was observed in Allamanda and Blepharodon 

but a large amount of fungi was recorded in Peplonia (Fig. 1f, 2i). All the 

colleters of the same species produce the same type of secretion during the 

entire secretory activity. 

Ultrastructure 

Colleters with mucilaginous secretion (Mandevilla splendens and Peplonia 

axillaris) 
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Cell wall 

 The secretory cells have fine walls and cuticle (Fig. 3a), being observed 

a great amount of pectin projections of the outer periclinal wall through the 

cuticle (Fig. 3b). The anticlinal walls present a large amount of plasmodesmata, 

facilitating the exchange of material between the secretory cells (Fig. 3c). 

Cytoplasm 

 Epidermal cells have a dense cytoplasm rich in ribosomes with an 

extensive network of rough endoplasmic reticulum (RER) (Fig. 3d), a profusion 

of hyperactive dictiosomes (Fig. 3d-e), large mitochondria, vacuoles and many 

scattered vesicles (Fig. 3a, d-j). Plastids were rarely found (Fig. 3f). Large 

amount of mucilage within the vacuole and vesicles was recorded (Fig. 3e, g-j). 

The abundance of vesicles filled with secretion on the trans face of the 

dictiosomes indicates a large production of mucilage (Fig. 3i) which is 

transferred to the RER, which is mainly associated with the dictiosomes in a 

peripheral position, near the plasma membrane in the distal portion of the cell 

(Fig. 3d, j). The secretion produced in the proximal (basal) portion of the cell is 

temporarily stored in the vacuole (Fig. 3a). 

Secretion release 

 The release mechanism is granulocrine. Fusion of vesicles and small 

vacuoles with the plasma membrane is observed in the apical region of the cell, 

releasing the secretion outside the protoplast both near the periclinal cell wall 

and the distal portion of the anticlinal wall (Fig. 4a, b). After the fusion of the 
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vesicles with the plasma membrane, the secretion is transferred to a large 

periplasmic space before crossing the cell wall and the cuticle (Fig. 4a) or 

before moving to the adjacent cell (Fig. 4b-d). During the passage of the 

secretion through the outer periclinal wall, also occurs the formation of a cavity 

within the cell wall, here named intramural space (Fig. 4e, f). Thus, there are 

two sites of temporary extraprotoplastic accumulation of the secretion before its 

release to the surface of the gland: one periplasmic and other intramural. After 

completely crossing the wall, the secretion passes through the projections of 

pectin in the cuticle, being released to outside without breaking it. 

Colleters with heterogeneous secretion (Allamanda schottii and Blepharodon 

bicuspidatum) 

Cell wall 

 The walls of the secretory cells are usually thin, covered by a fine cuticle 

(Fig. 5a) that has many projections of pectin crossing all its extension (Fig. 5b). 

Plasmodesmata were not observed between the epidermal cells. 

Cytoplasm 

 The species present a dense cytoplasm rich in ribosomes. The RER is 

prominent and is preferably located in parietal position (Fig. 5c-d), dictiosomes 

were also seen close to the membrane (Fig. 5e). There are many plastids with 

plastoglobules and starch grains (Fig. 5a, f) and mitochondria (Fig 5a, f). 

Vacuoles and vesicles of various sizes with fibrillar osmiophilic material and 

granular material occupy most of the protoplast (Fig. 5a, c, g-i). Large number 
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of vesicles containing mucilage and oil bodies was evidenced in Blepharodon 

species (Fig. 5h). After production of mucilage from dictiosomes, the vesicles 

are directly transported to the distal portion of the cell to be released (Fig. 5h) or 

may be temporarily stored inside the vacuole (Fig. 5g) when produced in the 

proximal portion of the cell. In the same way, oil bodies found free in the cytosol 

(Fig. 5h) are produced in the plastids and may be directly released or 

temporarily stored in the vacule (Fig. 5g). Allamanda secretes a much larger 

amount of lipids (Fig. 5i) than Blepharodon. 

Release mode 

 The release mechanism is mainly granulocrine. Several vesicles and 

small vacuoles containing secretion derive from dictiosomes, RER and also 

from the central vacuole and move towards the plasma membrane in the distal 

portion of the cell (Fig. 6 a-d). Vesicles originated from dictiosomes are directed 

to the RER where proteins are added, and then vesicles formed by the RER are 

released to fuse with the plasma membrane (Fig. 6e). A large amount of 

heterogeneous secretion, containing mucilage and lipids, is transferred to a 

reduced, restricted periplasmic space near the outer periclinal wall. Then the 

secretion rapidly crosses the cell wall, being temporarily accumulated in a large 

subcuticular space (Fig. 6f). Partly, the oil bodies may freely cross the plasma 

membrane in an eccrine release mode, being posteriorly accumulated in the 

subcuticular space. Despite the large amount of secretion underneath the 
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cuticle, pushing it, no rupture was observed during secretion pathway to 

outside. 
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Figure 1. Morphology of colleters in Allamanda schottii (a, b), Blepharodon 

bicuspidatum (c, d), Mandevilla splendens (e), Peplonia axillaris (f). Scanning 

electron microscopy. [White arrows = interpetiolar colleters; black arrow = 

colleter stal; arrowheads = petiolar colleters; asterisk = fungi; S = secretion]. 
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Figure 2. Anatomy of colleters in Allamanda shottii (a, b), Blepharodon 

bicuspidatum (c, d, g, h), Peplonia axillaris (e, f, i). Longitudinal sections. (a, c, 

e, h) General view. (b, d, f, g, i) Detail of the secretory epidermis covering a 

parenchymatic core. Note the presence of small vacuoles in the secretory cells 

(arrows) and the absence of vasculature. (i) Fungal hyphae (asterisk) on the 

mucilaginous colleter. [S = secretion]. 
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Figure 3. Ultrastructure of the secretory cells of colleters in Mandevilla 

splendens (a-h, j) and Peplonia axillaris (i). (a) General view. (b) Cuticle with 

pectin projections. (c) Detail of a plasmodesma. (d) Abundant dictiosomes 

(arrowhead) and rough endoplasmic reticulum (RER) in parietal position. (e, g-j) 

Vesicles filled with mucilage (asterisk). (f) Plastid with plastoglobules (P) 

surrounded by many mitochondria (M). (g, h) Detection of polysaccharides 

within vesicles with PATAg test. (i) Detection of mucilage in the vesicles of the 

trans-Golgi network using ruthenium red test. (j) Beginning of a vesicle 

formation from RER near plasma membrane. 
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Figure 4. Secretion release in colleters of Peplonia axillaris (a, b) and 

Mandevilla splendens (c-f). (a-d) Fusion of vesicles with plasma membrane and 

formation of a large periplasmic space. (e, f) Intramural space filled with 

secretion. [asterisk = periplasmic space with secretion; arrow = vesicle; PL = 

pectin-rich layer; S = secretion]. 
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Figura 5. Ultrastructure of the secretory cells of colleters in Blepharodon 

bicuspidatum (a-b, d-f, h) and Allamanda shottii (c, g, i). (a, c) Vacuoles with 

heterogenous content. (b) Pectin projections into the cuticle. (d) Vesicle formed 

by RER fusing with the tonoplast. (e) Dictiosome vesicles being directed to the 

plasma membrane. (f) Plastids with starch grains and mitochondria. (g) Large 

central vacuole filled with secretion. (h) Vesicles with polysaccharides detected 

using PATAg test (asterisk) and oil bodies (OB). (i) Detection of lipids with 

imidazole-osmium tetroxide test in the secretion on the colleter. [Arrow = pectin 

projections within cuticle; arrowhead = dictiosome; M = mitochondrion; P = 

plastid; RER = rough endoplasmic reticulum; V = vacuole]. 
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Figure 6. Secretion release in colleters of Allamanda shottii (a-b, e-f) and 

Blepharodon bicuspidatum (c-d). (a, e) Vesicles newly fused with plasma 

membrane transferring the secretion to the periplasmic space. (b) Small 

vacuole with heterogenous secretion. (c, d) PATAg test evidencing 

polysaccharides in vesicles (asterisk). Note plastid (P) with starch grains and 

plastoglobules, and mitochondria (M). (f) Presence of heterogenous secretion in 

the subcuticular space. [S = secretion; V= vacuole]. 
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Discussion 

Foliar colleters were found in petiolar and interpetiolar regions of the 

shoot apex, producing the same type of secretion during the entire period of the 

secretory activity, and two patterns of secretory process and mode of release 

were described, according to the secretion composition. 

In Apocynaceae, foliar colleters may be present in the margin of the leaf 

blade, petioles, bracts, bracteoles and cotyledons (Thomas 1991; Sennblad et 

al. 1998; Appezzato-da-Glória & Estelita 2000; Canaveze & Machado 2015). 

The colleters studied here can be described as standard type, as well as in 

most Apocynaceae (Thomas 1991; Canaveze & Machado 2015; Demarco 

2017a). Only one layer of secretory epidermal cells are observed in these 

colleters (Thomas 1991, Appezzato-da-Glória & Estelita 2000, Rio et al. 2002, 

Martins et al. 2010, Martins et al. 2013, Canaveze & Machado 2015; Demarco 

2017a), which characteristically have thin walls and large vacuoles. However, 

Tabernaemontana has cells with poorly developed vacuoles, and the periclinal 

walls are thicker than the anticlinal ones (Canaveze & Machado 2015). This 

differential thickness may be related to the mode of secretion release. Miguel et 

al. (2017) observed that the structural organization of the outer periclinal cell 

wall of colleters in Bathysa changes during secretion passage, which happens 

mainly due to accumulation of secretion within the wall. These authors also 

classified this region of the cell wall as a dynamic structure with an active role in 

the release of secretion via constant structural reorganization. 
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Secretory machinery 

Mucilaginous secretion – Mandevilla and Peplonia 

 Colleters of Mandevilla and Peplonia secrete mucilage and proteins 

(Ribeiro et al. 2017). The predominant organelles observed in the secretory 

cells are dictiosomes, which produce the mucilaginous secretion that is 

transferred to the rough endoplasmic reticulum through vesicles. In the RER, 

proteins are added to the secretion, and vesicles derived from the RER are 

transported to the plasma membrane, where the secretion is released to the 

periplasmic space, or to the vacuole, where the secretion is temporarily stored. 

Mucilage is the main component of the colleter secretion in Apocynaceae 

(Demarco 2017a) and was detected in foliar colleters of several genera of the 

family, as Allamanda, Asclepias, Blepharodon, Chloropetalum, Fischeria, 

Forsteronia, Oxypetalum, Peplonia, Plumeria, Prestonia, Rauvolfia, Roupelia 

and Tabernaemontana (Mohan & Inamdar 1986, Thomas & Dave 1989a, 

Thomas et al. 1989; Appezzato-da-Glória & Estelita 2000; Rio 2001, 2006; Rio 

et al. 2002; Marasca 2008; Canaveze & Machado 2015; Ribeiro et al. 2017). 

Proteins have also been recorded in the secretion of colleters in Plumeria 

(Mohan & Inamdar 1986), Allamanda, Alstonia (Thomas & Dave 1989a,b), 

Roupelia (Thomas et al. 1989) and genera of the subfamily Asclepiadoideae 

(Ribeiro et al. 2017). 

 The close association between rough endoplasmic reticulum and 

dictiosomes producing vesicles near the plasma membrane has been noticed in 
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colleters of other genera, such as Bathysa (Miguel et al. 2006) and 

Tabernaemontana (Canaveze & Machado 2015). The abundant presence of 

vesicles in the epidermis indicates a constant production of exudate, since they 

were also recorded for Tabernaemontana (Canaveze & Machado 2015) and in 

colleters of other families (Paiva & Machado 2006). 

Organelles related to the synthesis of lipophilic compounds were rare or 

not observed in Mandevilla and Peplonia. Few plastids occur in the secretory 

cells, and osmiophilic compounds were restrited to the plastoglobules. Smooth 

endoplasmic reticulum was not observed, and the imidazole-osmium tetroxide 

test has not detected the presence of lipids in the secretion. However, SER is 

present in colleters of Bathysa (Miguel et al. 2010), which secrete a 

heterogeneous exudate. 

Heterogeneous secretion – Allamanda and Blepharodon 

 Colleters of Allamanda and Blepharodon produce mucilage, proteins, 

lipids and phenolic compounds (Castro & Demarco 2008; Ribeiro et al. 2017). 

The synthesis of mucilage and proteins is made in a similar way to that of 

Mandevilla and Peplonia. However, those colleters distinguish from the 

mucilaginous ones in relation to the vacuome composed of one large vacuole or 

many vacuoles of various sizes containing a heterogeneous secretion, in 

addition to abundant plastids containing starch and plastoglobules. Since SER 

was not observed in both genera, plastids should be the responsible for the 

production of lipids in the colleters. Plastids containing starch were also 
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detected inside the secretory cells in Plumeria (Mohan & Inamdar 1986), 

Allamanda (Thomas & Dave 1989a) and Mandevilla (Appezzato-da-Glória & 

Estelita 2000) and in parenchyma cells of Alstonia (Thomas & Dave 1989b) and 

Tabernaemontana (Canaveze & Machado 2015). The presence of starch within 

the plastids serves to produce nutritional and energy reserve for the production 

of secretion by epidermal cells (Demarco 2005). 

Secretion release 

 The mode of secretion release from the protoplast is granulocrine for all 

species but the way it cross the cell wall and cuticle differ between colleters with 

mucilaginous secretion and those with heterogenous secretion. The 

granulocrine release occurs in a similar way in all colleters, independently of the 

secretion type. Vesicles and small vacuoles fuse to plasma membrane in the 

distal portion of the cell, transferring their content to the periplasmic space. In 

the mucilagionous colleters, this space is large and the cell wall represents the 

first barrier to the exudation of the secretion to outside. 

According to Paiva (2016), viscous secretions as mucilage cannot cross 

passively the cell wall and need to be actively pushed by the protoplast. 

Although the periplasmic space is not as wide as predicted by the cell cycle 

proposed by Paiva (2016), the need of an action of the protoplast pressing the 

mucilage to cross the wall is evident. During the crossing of the secretion within 

the wall, a second space is formed in the colleters of Mandevilla and Peplonia, 

where the mucilage is temporarily accumulated. This intramural space is formed 
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due to the rupture of the outer periclinal wall in its distal part, which is a pectin-

rich region beneath the cuticle. Afterward, the mucilage crosses the cuticle 

through cell wall pectin projections without any damage, reaching the colleter 

surface. 

Despite the presence of lipids and probable higher viscosity of the 

secretion in colleters of Allamanda and Blepharodon, the granulocrine process 

produces small periplasmic spaces, relative to the area of vesicle fusion, which 

rapidly disappear with the passage of the secretion through the wall without 

resistance apparently. This difference may indicate a distinct pectin composition 

of this region of the cell wall, since pectins are the main responsible for the 

porosity of the cell wall. However, more studies are needed to verify this 

hypothesis. Although this heterogenous secretion can pass through the wall, it 

causes the detachment of the cuticle, being accumulated in a large subcutilar 

space. The increasing pressure in this space due to the constant addition of 

more secretion probably is the responsible for pressing the exudate to cross the 

cuticle, reaching the colleter surface. This action does not rupture the cuticle. 

According to Paiva (2017), the secretion passes through micropores or 

microchannels within the cuticle. 

The release of secretion mediated by vesicles or vacuoles is the main 

mechanism of exudation observed in colleters. Secretory vesicles which migrate 

and fuse with plasma membrane releasing the secretion in the periplasmic 

space occur also in Copaifera (Fabaceae), Tabernaemontana and Bathysa 



48 

 

(Paiva 2009; Miguel et al. 2010; Canaveze & Machado 2015). Secretory cells 

release the secretion to outside via granulocrine secretion, and this is also the 

main mechanism of secretion transference cell-to-cell, although part of the 

mucilaginous secretion may be transferred through plasmodesmata in 

Mandevilla and Peplonia. However, at least partly, some lipids may be directly 

released through plasma membrane without to be package in vesicles (eccrine 

release) in Allamanda and Blepharodon. Despite this novel description for 

colleters, the granulocrine release is the main secretory mechanism reported to 

colleters.  

According to Fahn (1979b), the release of secretion to outside may occur 

due to the gradient concentration or by active process. Most colleters of 

Apocynaceae exude without rupture the cuticle (Rio et al. 2002; Marasca 2008; 

Demarco 2017a). The passage of a hydrophilic substance through a 

hydrophobic substance (cutin) without breaking the cuticle can be explained by 

the presence of pectin projections of the cell wall through the cuticle, due to the 

hydrophilic character of the pectin (Gama et al. 2016). However, the release of 

secretion through rupture of the cuticle was reported in previous studies (Fjell 

1983, Kuriachen & Dave 1989, Fahn 1990, Schwarz & Furlan 2002). 

 After the secretion is released to the surface, it involves whole shoot 

apex and has the function of protecting the meristems (Thomas 1991). This 

protection may be against desiccation due to the hygroscopic character of the 

mucilage (Fahn 1979a, Simões et al. 2004; Ribeiro et al. 2017) and against 
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small phytophagous insects, immobilizing them (Ribeiro et al. 2017). In addition, 

lipids produced by secretory cells are responsible for inhibiting the proliferation 

of fungi in the meristematic regions, which occur due to the presence of 

mucilage, since the proliferation of hyphae over the entire shoot apex is 

significant in Peplonia, a genus with mucilaginous colleter (Ribeiro et al. 2017). 

Our study found two patterns of colleter exudation related to the 

composition of secretion. The mechanisms described here unveil a diversity of 

secretory processes in a group with apparently homogenous colleter 

morphology and anatomy, raising new questions for future studies, specially in 

relation to the composition of the outer periclinal wall, and why the passage of 

secretion through the wall and cuticle eventually forms intramural or 

subcuticular spaces. 
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