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Summary. Salamander taste organs were recognized as 
oval cell clusters within the dorsal surface of the tongue. 
A moderate number of SP, CGRP, VIP, NPY, and GAL 
immunoreactive nerve fibers terminated in the cell 
clusters, and some of them penetrated into the basal half 
of the cell clusters. Around the glands, VIP, NPY, and 
GAL fihers were numerous, and S P  and CGRP fibers 
were less numerous. Immunoreactivity of S O M  and 
F M R F  w a s  not detec ted  e i ther  in the  nerve  f ibers  
associated with the cell clusters or  those around the 
glands. These findings suggest that the chemosensory 
mechanisms of the salamander gustatory organs are 
under the control of peptidergic innervation. In addition, 
the present study indicates that the caudate taste organs 
are structurally primitive but functionally mature. 

Key words: Taste organ, Neuropeptides, Immunohisto- 
chemistry, Salamander (Caudate) 

Introduction 

There is a distinct difference in the histological 
appearance in amphibian taste organs between anurans 
ancl caudates. In adult anurans, they are seen as epithelial 
discs on the free tops of the fungiform papillae (DeHan 
and Graziadei, 1971; Graziadei and DeHan, 1971). The 
epithelial discs, which correspond to the mammalian 
taste buds, are composed of three cell types, taste/ 
sensory, supporting, and basal cells, and are surrounded 
by ciliated columnar cells. They are richly innervated 
(Rapuzzi and Casella, 1965),  and the afferent nerve 
endings establish synaptic contact with the taste cells 
(Uga and Hama, 1967; Graziadei and DeHan, 1971; 
Stensnas. 1971). On the other hand, the taste organs in 
adult caudates are barrel-shaped intraepithelial cell 
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c o m p l e x e s  (Toyosh ima  a n d  S h i m a m u r a ,  1 9 8 7 ;  
Toyoshima et al . ,  1987).  T h e s e  cell  complexes  are 
c o m p o s e d  of  the s a m e  th ree  types  of  ce l l s  a s  the  
epithelial discs in anurans. 

In the lingual papillae of adult anurans, several kinds 
of neuropeptide-containing nerve fibers are distributed. 
and some of them are associated with the epithelial discs 
(Hirata and Kanaseki, 1987; ~ b r a m o t o ,  1988; Kusakabe 
et al., 1996a). More recently, Kusakabe et al. (1996b) 
demonstrated the ontogeny of the peptidergic fibers in 
the developing bullfrog tongue through metamorphosis 
and further development. According to this report, the 
neuropeptide-containing nerve fibers first appeared in 
association with cell clusters in the epithelial layer of the 
immature tongue at the metamorphic stage; stage XX of 
Taylor and Kollros (1946). Histologically, the taste 
o rgans  in adul t  cauda tes  great ly  resemble  the  cell  
clusters in developing anuran tongues. Phylogenically 
the caudates are placed in a lower position than the 
anurans. Information as to whether peptide-containing 
fibers exist in association with the caudate taste organs 
would aid in understanding the significance of gustatory 
mechanisms from a phylogenical viewpoint. A s  far as 
we are aware, there is no information on peptidergic 
inne rva t ion  in t h e  g u s t a t o r y  o r g a n s  of  c a u d a t e s .  
Therefore,  in the present study, the occurrence and 
distribution of seven neuropeptides, i.e., substance P 
(SP), calcitonin gene-related peptide (CGRP), vasoactive 
intestinal polypeptide (VIP), neuropeptide Y (NPY), 
galanin (GAL), somatostatin (SOM), and FMRFamide 
(FMRF) were examined in the caudate taste organs. 

Materials and methods 

Seven adult Tokyo salamanders, Hynobius nebulosu.~ 
tokioensis, were used in this study. After anesthesia by 
i m m e r s i o n  in a 1% a q u e o u s  so lu t ion  of  t r ica ine-  
methanosulfate (MS-222) for a few minutes, the thoracic 
cavity was opened to expose the heart. Through a thin 
nylon tube inserted into the ventricle, the animal was 
br ief ly  perfused wi th  hepar in ized (1 IU/ml) 0.1 M 










