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Retrogradely transported i ron-dextran complex and Nuclear yellow could be demonstrated simulta- 
neously on the same sections of rat CNS. Using combined bright-field and ultraviolet illuminations, 
double labeled neurons were observed. They exhibited a fluorescent nucleus and cytoplasmic Prussian 
blue granules. Thus, the combination of these two tracers appeared to be a convenient method for the 
anatomical demonstrat ion of collaterals. 

Introduction 

Recent neuroanatomical methods based upon retrograde axonal transport of 
exogenous substances have allowed the demonstration of axon collaterals. A number 
of combinations of tracers has been proposed for such a purpose (Stewart et al., 
1977; Van der Kooy et al., 1978; Cesaro et al., 1979; Hayes and Rustioni, 1979, 
1980; Berkley et al., 1980; Brodal et al., 1980; De Holmos and Heimer, 1980; Illing, 
1980; Steindler and Deniau, 1980; Bentivoglio et al., 1980, 1981; Jeffery et al., 1981; 
Kuypers et al., 1979, 1980; Wong and Kelly, 1981; Yezierski and Bowker, 1981; 
Katan et al., 1982; Nguyen-Legros et al., 1982). Among the available fluorescent 
tracers recently developed (Kuypers et al., 1980), Nuclear yellow (NY) appears to be 
of special interest because of its predominant localization within neuronal nuclei 
after axonal transport. Actually, the majority of retrograde tracing experiments 
result in cytoplasmic labeling. It can be supposed that a competition exists between 
different tracers involving the same mechanisms of uptake, transport and storage, 
rendering the multiple labeling somewhat hazardous. Moreover, it can be difficult to 
observe simultaneously several tracers filling the perikarya of neurons. The use of a 
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substance with different affinity and localization, such as Nuclear yellow, may avoid 
this saturation phenomenon and greatly facilitate the detection of doubly or multiply 
labeled neurons. 

The present experiments were designed in order to demonstrate the possible use 
of Nuclear yellow together with i ron-dextran complex, a tracer used previously for 
double labeling after retrograde axonal transport (Cesaro et al., 1979; Nguyen-Legros 
et al., 1982). 

Materials and Methods 

Eight male Sprague-Dawley rats (280-300 g) were used and two types of 
experiments were performed: (1) to test the technical possibility of demonstrating 
the two tracers within the same neuron in a single tissue section, 4 rats received a 
striatal injection (coordinates A 8.5, L 2.5, H + 6, according to the atlas of Albe-Fes- 
sard et al., 1966) of 0.3 /~1 of concentrated i ron-dextran complex (ID, Dexionex, 
Pharmacia France), followed by 3 injections of 0.2 #1 of 1% Nuclear yellow (NY, 
Hoechst S 769121) into the same area, 4 days later; and (2) to ascertain the validity 
of the method for the demonstration of branched neurons, 4 rats received multiple 
injections of 0.03-0.1 /L1 of ID into the anterior cortex, followed by 3 injections of 
0.2 #1 of NY into the stiatum 4 days later. 

All injections were made through a glass micropipette as described elsewhere 
(Cesaro et al., 1979). Since NY does not dissolve easily in saline but forms a 
suspension, small multiple injections were preferred to avoid plugging of the 
cannula. 

The rats were anaesthetized with Ketamine (100 mg/kg)  16-18 h after NY 
injections, and perfused through the left ventricle successively with 500 ml of 
saline-phosphate buffer (0.1 M, pH 7.4), 600 ml of 4% buffered paraformaldehyde 
and 500 ml of 10% sucrose in the same buffer. The brains were dissected out and 
frozen frontal sections (40 ~m) were cut immediately. It was crucial to process the 
tissues rapidly in order to minimize in vitro migration of NY from neuronal nuclei 
into cytoplasm and surrounding glial cell nuclei (Bentivoglio et al., 1981; Wong and 
Kelly, 1981). The sections were collected in 0.1 M phosphate buffer, mounted on 
gelatin-coated slides and air-dried. Alternate sections were processed by Perl's 
reaction for the histochemical demonstration of ferric iron. After air-drying, the 
sections were either mounted with Entellan or observed with immersion objectives 
without coverslipping. 

Results 

In the two types of experiments, labelled neurons were observed in intralaminar 
thalamic nuclei as well as in substantia nigra. Almost all neurons were doubly 
labeled after double striatal injection, whereas, as previously described (Cesaro et al., 
1979), only scattered neurons were doubly labeled in the centralis lateralis nucleus 
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Fig. 1-3. The same doubly labeled neuron is observed. Fig. 1. Doubly labeled neuron seen with ultraviolet 
illumination. Fig. 2. doubly labeled neuron seen with bright-field illumination. Fig. 3. Doubly labeled 
neuron seen with combined ultraviolet and bright-field illuminations. This last combination allows 
discrimination of fluorescent yellow nucleus and cytoplasmic Prussian blue granules. ( x 2000.) 
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and  the cen t rum med ianum parafascicular is  complex,  and  none  in the subs tan t ia  
nigra after cort ical  and str iatal  injections.  The  percentage  of doub ly  labeled neurons  
vs neurons labeled with N Y  or I D  only,  was quite c ompa ra b l e  to that  ob ta ined  with 
ID and horseradish  peroxidase  (HRP)  in the same system. Ident ical  extent  of 
tha lamic  neuronal  label ing was observed after  N Y  as compared  with H R P  after  
s t r ia tal  inject ion (Cesaro et al., 1982). 

Ul t raviole t  exci ta t ion light al lowed to observe the br ight  f luorescence of NY 
within neuronal  nuclei, and  somet imes to a less degree within the cytoplasm,  while 
Prussian blue granules appea red  as dark  cy top lasmic  holes (Fig.  1). Bright-f ield 
i l luminat ion  revealed the Prussian blue cy top lasmic  granules  (Fig. 2). The combina-  
t ion of ul t raviolet  epif luorescence and d im br ight-f ie ld  i l luminat ion  al lowed the 
s imul taneous  observat ion  and d iscr imina t ion  of the two tracers (Fig. 3). 

The sections could  be processed for Perl 's  react ion without  impar ing  the br ight  
nuclear  f luorescence of NY. However ,  a weak cy top lasmic  f luorescence was more  
frequent ly  observed in Per l ' s - t rea ted  sections as c o m p a r e d  with unt rea ted  ones. This 
may  be due to a faint  migra t ion  of  N Y  induced  in vitro by  the acidic Perl 's  reactive. 
In spite of this minor  drawback,  the use of N Y  in combina t ion  with ID proved to be 
convenient  for the demons t r a t ion  of b ranched  neurons  by  re t rograde  axonal  trans- 
port .  Since it has been repor ted  that  the use of N Y  was compa t ib le  with H R P  
tracing (Wong  and  Kelly,  1981; K a t a n  et al., 1982), it seems likely that  N Y  could  be 
used concurren t ly  with bo th  H R P  and ID for the demons t ra t ion  of several col later-  
als. 

Acknowledgements 

We are grateful  to Dr  H. Loewe for the generous  gift of Nuc lea r  yellow. This 
work  was suppor t ed  by  grants  from the Facul t6  de M6decine Piti6-Salp~tri~re and 

f rom the C N R S  (03.38.07). 

References 

Albe-Fessard, D., Stutinsky, F. and Libouban, S., (1966) Atlas st~r6otaxique du Dienc~phale du rat blanc, 
Editions du CNRS. 

Bentivoglio, M., Kuypers, H.G.J.M. and Catsman-Berrevoets, C.E. (1980) Retrograde neuronal labelling 
by means of bisbenzimide and nuclear yellow (Hoechst S 769121). Measures to prevent diffusion of 
the tracer out of retrogradely labelled neurons, Neurosci. Lett., 18: 19-24. 

Bentivoglio, M., Macchi, G. and Albanese, A., (1981) The cortical projections of the thalamic in- 
tralaminar nuclei as studied in cat and rat with the multiple fluorescent retrograde tracing technique, 
Neurosci. Lett., 26: 5-10. 

Berkley, K.J., Blomqvist, A., Pelt, A. and Flink, R. (1980) Differences in the collateralization of neuronal 
projections from the dorsal column nuclei and lateral cervical nucleus to the thalamus and tectum in 
the cat: an anatomical study using two different double-labelling techniques, Brain Res., 202: 
273-290. 

Brodal, A., Walberg, F., Berkley, K.J. and Pelt, A. (1980) Anatomical demonstration of branching 
olivocerebellar fibres by means of a double retrograde labelling technique Neuroscience, 5: 2193-2202. 



209 

Cesaro, P., Nguyen-Legros, J., Berger, B., Alvarez, C. and Albe-Fessard, D., (1979) Double labelling of 
branched neurons in the central nervous system of the rat by retrograde axonal transport of 
horseradish peroxidase and iron-dextran complex. Neurosci. Lett., 15: 1-7. 

Cesaro, P., Pollin, B., Nguyen-Legros, J., Azerad, J. and Laplante, S. (1982) lron-dextran: a neuronal 
tracer without uptake by fibers of passage, Neurosci. Lett., Suppl. 10: S108. 

De Olmos, J. and Heimer, L. (1980) Double and triple labelling of neurons with fluorescent substances: 
the study of collateral pathways in the ascending raphe system, Neurosci. Lett., 19: 7-12. 

Hayes, N.L. and Rustioni, A. (1979) Dual projections of single neurons are visualized simultaneously: use 
of enzymatically inactive [3H]HRP, Brain Res., 165: 321-326. 

Hayes, N.L. and Rustioni, A. (1980) Spinothalamic and spinomedullary neurons in macaques: a single 
and double retrograde tracer study, Neuroscience, 5: 861-874. 

illing, R.B. (1980) Axonal bifurcation of cat retinal ganglion cells as demonstrated by retrograde double 
labelling with fluorescent dyes, Neurosci. Lett., 19: 125-130. 

Jeffery, G., Cowey, A. and Kuypers, H.G.J.M. (1981) Bifurcating retinal ganglion cell axons in the rat 
demonstrated by retrogade double labeling, Exp. Brain Res., 44: 34-40. 

Katan, S., Gottschall, J. and Neuhuber, W., (1982) Simultaneous visualization of horseradish peroxidase 
and nuclear yellow in tissue sections for neuronal double labeling, Neurosci. Lett., 28: 121-126. 

Kuypers, H.G.J.M., Bentivoglio, M., Van der Kooy, D. and Catsman-Berrevoets, C.E. (1979) Retrograde 
transport of bisbenzimide and propidium iodide through axons to their parent cell bodies, Neurosci. 
Lett., 12: 1-7. 

Kuypers, H.G.J.M., Bentivoglio, M., Catsman-Berrevoets, C.E. and Bharos, A.T., (1980) Double retro- 
grade neuronal labelling through divergent axon collaterals using two fluorescent tracers with the same 
excitation wavelength which label different features of the cell, Exp. Brain Res., 40: 383-392. 

Nguyen-Legros, J., Cesaro, P., Pollin, B., Laplante, S. and Gay, M., (1982) Thalamostriatal neurons with 
collateral projections onto the rostral reticular thalamic nucleus: anatomical study in the rat by 
retrograde axonal transport of iron-dextran and horseradish peroxidase, Brain Res., 249: 147-152. 

Perls, M. (1867) Nachweis von Eisenoxyd in gewissen Pigmenten, Virchows Arch., 39: 42-48. 
Steindler, D.S. and Deniau, J.M. (1980) Anatomical evidence for collateral branching of substantia nigra 

neurons: a combined HRP and [3H]wheat germ agglutinin axonal transport study in the rat, Brain 
Res., 196: 228-236. 

Stewart, O., Scoville, S.A. and Vinsant, S.L. (1977) Analysis of collateral projections with a double 
retrograde labeling technique, Neurosci. Lett., 5: 1-5. 

Van der Kooy, D., Kuypers, H.G.J.M. and Catsman-Berrevoets, C.E. (1978) Single mammillary body cells 
with divergent axon collaterals. Demonstration by a simple fluorescent retrograde double labeling 
technique in the rat, Brain Res., 158: 189-196. 

Wong, D. and Kelly, J.P. (1981) Differentially projecting cells in individual layers of the auditory cortex: 
a double labeling study, Brain Res., 230: 362-366. 

Yezierski, R.P. and Bowker, R.M. (1981) A retrograde double label tracing technique using horseradish 
peroxidase and the fluorescent dye 4',6-diamino-2-phenylindole 2 HCI (DAPI) J. neurosci. Meth., 4: 
53-62. 


