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The details of the morphology of the nervous system has been investigated in two turbellarian species 
Polycelis tenuis and Girardia tigrina using confocal laser scanning microscopy and immunostaining to 
neuropeptide FMRFamide. Abundant FMRFamide immunoreactivity (FMRF-TR) has been observed in 
central and peripheral nervous systems of both species. Intensive staining has been found in the sensory 
elements: cells and fibres surrounded the mouth opening, in the fibres enclosed the photoreceptors, trian
gular auricles in the head region of G. tigrina. The possible function ofFMRF-IR neurons in the realiza
tion of sensory function in turbellarians is discussed. 
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Free-living freshwater and marine fiatworms (Platyhelminthes) are often used as a 
biological model to study the processes of morphogenesis, regeneration and develop
ment [2, 3, 11]. FMRF-like peptides accelerated the restoration of the pharynx func
tion during its regeneration in the anterior part of the body of Girardia tigrina Girard, 
1850 [6]. Most of these peptides have strong stimulating effect on the contractile 
activity of muscles of different species of parasitic and free-living Platyhelminthes. 
However the physiological function of FMRF-like peptides in fiatworms is poorly 
known [4, 8]. 

This paper presents the information on the structure of the nervous system (NS) in 
two fiatwonns species the natural race Polycelis tenuis Ijima, 1884 (Turbellaria, 
Planariidae) collected in the lakes in the vicinity ofthe river Oka (Pushchino, Moscow 
region, Russia) and the laboratory race G. tigrina (Turbellaria, Dugesiidae). The aim 
of the study was to localise the FMRF-immunoreactivity (-TR) in planarian NS with 
special interest to the sensory organs of fiatworms. 
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Fig. 1. FMRF-immunoreactivity in Polycelis tenuis (A-E) and Girardia tigrina (F-K). 
Arrows = photoreceptors. Scale bars: 50 /-tm 

Acta Biologica Hungarica 63. 2012 



FMRFamide in Turbellarians 85 

Sexually reproducing P tenuis and asexually reproduced strain of G. tigrina have 
been used. Animals were kept in aquarium with tap and distilled water (2: 1) at 
20 ± 1 QC, fed with mosquito larvae twice a week and kept starve for one week before 
experiment. Observations were carried out on whole-mount preparations (for G. tig
rina) and on frozen sections (for P tenuis). Worms of 9-1 0 mm in length were fixed 
in 4% paraformaldehyde in 0.1 M phosphate-buffered saline (PBS, pH 7.4) for 4 h at 
room temperature and then washed for 24 h in PBS containing 0.3% Triton X-lOO, 
0.1 % sodium azide and 0.1 % bovine serum albumin (antibody diluents, ABD) at 
4 QC. For the whole mount preparation the specimens were incubated for 48 h in the 
primary rabbit antiserum (1: 1000) against FMRF (Sigma). They were washed for 
24 h in ABD, and immersed in FITC-Iabeled swine anti-rabbit immunoglobulines 
(1 : 30, DACO) for 48 h. They were washed again for 24 h in ABD and stained with 
TRITC-conjugated phalloidin (1 : 100) for 12 h. For the frozen sections the fixed 
specimens were incubated in 10% sucrose in PBS for 3-5 days at 4 QC, embedded in 
the Tissue Tec and cut sagittally on 17-20 ~m serial sections by Shandon cryotom E 
(Thermo electron corporation, UK), collected on gelatin coated or Poly sine slides 
(Thermo scientific) and processed for immunostaning as follow: washed in PBS 3 
times per 5 min, washed in ABD 3 x 5 min at RT, incubated with primary antiserum 
(anti-FMRF) for 48 h at 4 QC, washed in ABD 3 x 5 min, incubatied with FITC
labelled immunoglobulines for 24 hat 4 QC, washed in PBS, and stained with TRlTC
conjugated phalloidin for 6 h at RT. After final wash in PBS specimens were mounted 
in PBS/glycerol (l : 9) and examined with Leica DM 6000B fluorescent microscope 
or Leica TCS SP5 confocal scanning laser microscope. Appropriate controls for the 
staining specificity were taken: omitting of the primary antibodies and using of non 
immune serum. Most of the photos presented are reconstructions (i.e. max projection) 
formed by adding four to eight consecutive optical sections at maximal intensity of 
fluorescence taken through 1.8-9.8 ~m of specimen. 

Results showed the presence of FMRF-immunopositive nerve elements in the 
central and peripheral NS of turbellarian species (Fig. 1). Abundant staining to FMRF 
has been found in the ventral nerve cords comprised FMRF-immunopositive cells 
(size from 7.7 to 17 ~m) and fibres, in bilobed butterfly-like cephalic ganglion of 
P tenuis (Fig. lA), and horse-shaped cerebral ganglion of G. tigrina. Intensive immu
no staining has been observed in the peripheral NS: in connecting comissures 
(Fig. IF), subepithelial and submuscular nerve plexuses (Fig. 1G), in pharynx and 
surrounding tissues, comprising the pharyngeal cavity (Fig. 1B, C, K), mouth open
ing, around the pair of photoreceptors (eyes) located in G. tigrina above the cerebral 
ganglion (Fig. 11) and numerous small eyes situated at the edge of the anterior body 
end in P temtis where FMRF-IR fibres were observed close to the body surface 
enclosed the photoreceptors (Fig. 1 E). Triangular auricles of the head body region 
were deeply innervated by the net ofFMRF -IR fibres in G. tigrina (Fig. 1 H). Flexible 
and mobile tail region of planarians was highly innervated by FMRF-IR cells and 
fibres. In G. tigrina thin FMRF-IR nerve fibres were observed at the lateral body 
edges (Fig. IG). The cell bodies (7.5 ~m) of multipolar FMRF-IR neurons were 
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regularly situated on the distance of about 150 /lm from the lateral body edges. 
Numerous FMRF-IR nerve fibres have been found in the genital structures of sexu
ally reproduced P tenuis (Fig. ID). 

The comparison made revealed that the general patterns of the peptidergic immu
noreactivity observed in the NS of P temtis and G. tigrina were similar to each other 
and confirmed the earlier data on the NS structure described for several turbellarian 
species [1, 5, 7, 9,10]. Some early undetected details ofFMRF-amide immunolo
calisation in the nervous system of the investigated species were found. Observation 
of the specific immunoreactivity to neuropeptide FMRFamide in the neurons (cell 
bodies and fibres) situated in the position of the probable localization of sensory 
structures of the worms (the mouth, eyes, body edges, the auricles) may indicates the 
possible involvement of FMRF -like peptides in realization of the sensory functions 
in turbellarians: the acceptance ofreceptors information, transmission of the signal to 
the central NS and the analyses. 
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