
• Page setup: A4 portrait with 2.5cm margins on all sides  
• Font: Times New Roman and 11pt, single spaced.  
• Title of paper: centred and bold.  
• Authors' names and full mailing addresses: centred.  
• Authors in bold (include full list): First author1; second author2; third 

author3(Presenting author underlined)  
• For each author include full mailing address(es) + email address(es).   
• Abstract text: 11 pt Times New Roman with right justification and a maximum 

of 300 words. No blank line separating paragraphs. New paragraphs with NO 
indent.   

• NO references should be cited in the abstract.  

 
Vacuolar cells seem to be a special trait of the esophagus and crop of carnivorous 

cephalaspideans (Euopisthobranchia) 
 

Alexandre Lobo-da-Cunha1,2, E. Oliveira1, A. Alves1, F. Guimarães3 & Gonçalo Calado4 

 
1 Institute of Biomedical Sciences Abel Salazar (ICBAS), University of Porto, rua Jorge Viterbo 

Ferreira 228, 4050-313 Porto, Portugal - alcunha@icbas.up.pt; 2 Interdisciplinary Centre of Marine and 
Environmental Research (CIIMAR/CIMAR), rua dos Bragas 289, 4050-123 Porto, Portugal; 

3 LNEG, rua da Amieira, Apartado 1089, 4466-901 S. Mamede de Infesta, Portugal - 
fernanda.guimaraes@lneg.pt; 4 Lusophone University of Humanities and Technologies, av. do Campo 

Grande, 376 1749-024 Lisbon, Portugal - goncalo.calado@ulusofona.pt 
 

Cells with a very large vacuole surrounded by a very thin layer of cytoplasm were observed in the 
connective tissue of the crop or esophagus of the cephalaspideans Philinopsis depicta, Aglaja 
tricolorata and Philine quadripartita. These vacuolar cells can be abundant close to the epithelium, 
but they were never seen in direct contact with the lumen of the digestive tract. In P. depicta and P. 
quadripartita just small amounts of dispersed flocculent material were observed by transmission 
electron microscopy (TEM) within the electron-lucent vacuole. Nevertheless, in A. tricolorata the 
central vacuole and the vesicles in the peripheral cytoplasm contained electron-dense loops. The flat 
nucleus is located at the periphery of the cell and cell membrane invaginations are common. 
Using the pyroantimonate method for TEM, calcium was detected in the vacuole and vesicles of 
vacuolar cells. With this technique, electron-dense deposits are formed in structures that contain 
calcium, even if present in very low quantity. Control sections were treated with an EGTA solution, 
which removes the electron-dense deposits containing calcium. Additionally, the presence of calcium 
was investigated with an electron microprobe equipped with WDS detectors. The X-ray intensity maps 
confirmed the presence of low amounts of calcium in the electron-dense pyroantimonate the deposits. 
Calcium detection in the vacuolar cells supports a relationship with the calcium cells of the connective 
tissue of pulmonate gastropods. These cells could provide ions for buffering the pH of body fluids. 
So far, similar cells were not found in the digestive tract of herbivorous cephalaspideans. Thus, the 
presence of vacuolar cells might be an apomorphy of the esophagus and crop developed in carnivorous 
cephalaspideans. 
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