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Fluorescent Retrograde Double Labeling: Axonal Branching 
in the Ascending Raphe and Nigral Projections 

Abstract. Red fluorescent Evans blue and blue fluorescent DAPI-primuline were 
injected into the anterior-medial and lateral-caudal forebrains, respectively, of the 
same rats. Separate clusters of cells labeled by retrograde transport were observed 
in the substantia nigra, while in the dorsal raphe many cells were double-labeled. 
Thus, single raphe cells send divergent axon collaterals to widespread forebrain 
areas. 
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Although monoamine cell groups 
make up only a small percentage of all 
brain stem neurons, they appear to ac- 
count for a large portion of those pro- 
jecting directly to the forebrain (1). The 
question arises whether single mono- 
aminergic brain-stem cells each inner- 
vate a restricted forebrain area or instead 
give off multiple axon collaterals to vari- 
ous parts of the forebrain. We now re- 
port that single raphe cells send collater- 
als to widespread forebrain areas, 
whereas single substantia nigra (SN) 
cells have comparatively small projec- 
tion sites. 

Until recently, no simple, effective an- 
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atomical techniques existed for studying 
axonal branching (2). Although several 
retrograde double-labeling procedures 
for the tracing of axon collaterals have 
been described (3), they include autora- 
diographic procedures and are, there- 
fore, time consuming. The demonstra- 
tion that a variety of fluorescent sub- 
stances are transported retrogradely in 
axons (4, 5) opened the possibility of in- 
vestigating axonal branching by means 
of a simple retrograde double-labeling 
procedure. Thus, two substances (fluo- 
rescing different colors) may be injected 
into the two different axon termination 
sites of a group of neurons. If the two 
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sites are supplied by collaterals of the 
same axons, both substances may be 
seen within the individual neuronal cell 
bodies after retrograde axonal transport 
(2). 

In the first group of experiments, nine 
adult rats were each injected with Evans 
blue (EB), which fluoresces red, and a 
mixture of 4',6-diamidino-2-phenylindol 
2HC1 (DAPI) and primuline, which fluo- 
resces blue with gold granules (2, 4). A 
total of 0.5 ,l of 10 percent EB (weight/ 
volume) and 1 percent poly-L-ornithine 
(2, 6) in distilled water was injected in 
five needle penetrations into a large ante- 
rior-medial forebrain area comprising the 
frontal cortex, olfactory tubercle, and 
very anterior portions of the nucleus ac- 
cumbens and caudate-putamen. On the 
same side of the brain (Fig. 1), a similar 
quantity of 2.5 percent DAPI: 10 percent 
primuline (weight/volume) in distilled 
water was injected in the course of three 
needle penetrations into a large lateral- 
caudal forebrain area comprising the lat- 
eral parietal and temporal cortex, the 
amygdala, the caudal end of the caudate- 
putamen, and the lateral edge of the in- 
ternal capsule. The structures involved 
in both the anterior-medial and lateral- 
caudal injections are known to receive 
projections from both the SN (7, 8) and 
the dorsal raphe (DR) nucleus (9, 10). 

After surviving 3 to 5 days (4), the ani- 
mals were anesthetized with Nembutal 
and perfused with saline followed by 10 
percent formalin. The brains were kept 
overnight in cacodylate buffer (pH 7.2) 
containing 30 percent sucrose (weight/ 
volume) and were then cut transversely 
into 30-tm-thick frozen sections, which 
were mounted on slides from distilled 
water and air dried. A fluorescence mi- 
croscope (Leitz Ploempack) was used to 
examine the sections (4). Filters that pro- 
vided 550-nm and 360-nm excitation 
lights were used to examine the red-fluo- 
rescing cells containing EB and the blue- 
fluorescing cells containing DAPI-primu- 
line, respectively. 

Labeled cells in the brain stem were 
observed primarily in substantia nigra 
pars compacta (SNC), ventral tegmental 
area (VTA), DR, and median raphe (MR) 
(Fig. 1). A small number of labeled cells 
was seen scattered in the tegmental retic- 
ular formation, but will not be discussed 
in detail. The DAPI-primuline-labeled 
cells were seen in the peripeduncular nu- 
cleus dorso-lateral to the SNC (Fig. 1) 
and in the medial geniculate body (not 
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as well as DAPI-primuline-labeled cells, 
and indeed double-labeled cells, were 
sometimes seen in the locus coeruleus, 
but their labeling was very faint. 
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The major finding is the difference be- 
tween the number of double-labeled neu- 
rons seen in the raphe nuclei and in the 
SN (Fig. 1). At some levels of the DR, as 
many as half of the labeled cells were 
double-labeled with EB and DAPI- 
primuline. A smaller number of labeled 
cells, and consequently of double-la- 
beled cells, was seen in the MR. At least 
a portion of these double-labeled DR and 
MR cells are presumably members of the 
serotonergic cell groups that project dif- 
fusely to the forebrain (11). On the other 
hand, in the SNC and the medially ad- 

o EB 

874 

* DAPI-Primuline 

joining VTA, the populations of EB-la- 
beled cells and DAPI-primuline-labeled 
cells were almost completely separate 
(Fig. 1). The DAPI-primuline-labeled 
cells often appeared in small clusters, al- 
ternating to a certain degree with groups 
of EB-labeled cells, across the medio-lat- 
eral extent of the SNC-VTA. In some 
but not all cases, a very small number of 
double-labeled cells could be seen. In all 
nine rats, the difference in double label- 
ing between the SNC-VTA and the DR 
and MR, as well as the basic overall pat- 
tern of labeling, were the same. 

Fig. 1. Schematic distribution 
of brain stem cells with retro- 
grade labeling by only EB (0), 
only DAPI-primuline (0), or 

/CP j with both EB and DAPI- 
primuline (+). The EB was in- 
jected into the anterior-medial 

Amy / / forebrain (top section) and 
DAPI-primuline into the later- 
al-caudal forebrain (second 
section from the top). Abbre- 
viations: A, accumbens; AC, 
anterior commissure; Amy, 

PPv amygdala; CP, caudate-puta- 
men; DBC, decussation of the 
brachium conjunctivum; DR, 
dorsal raphe; IC, internal cap- 
sule; MD, medio-dorsal thala- 
mic nucleus; ML, medial lem- 
niscus; MLF, medial longitu- 
dinal fasciculus; MP, mammil- 
lary peduncle; MR, median 
raphe; OT, olfactory tubercle; 
P, cerebral peduncle; PP, 
peripeduncular nucleus; RN, 
red nucleus; SNC, substantia 
nigra pars compacta; SNR, 
substantia nigra pars reticula- 
ta; VTA, ventral tegmental 
area; III, roots of the cranial 
nerve III; IV, trochlear nucle- 
us. 

+ Double labeled 

In a second experimental group of five 
rats, EB was injected into the anterior- 
medial forebrain as described above; the 
lateral-caudal forebrain injections of 
DAPI-primuline were moved further 
caudal to avoid infringement upon the in- 
ternal capsule. In these animals, the 
DAPI-primuline injections involved the 
ventral hippocampus, lateral parietal and 
temporal cortex, and parts of the ento- 
rhinal cortex. Despite this change in the 
injection site, many double-labeled cells 
were again present in the DR and MR. 
Only a very few DAPI-primuline cells 
were seen in the SNC-VTA, however, as 
might be expected with these more cau- 
dal DAPI-primuline injections (8, 12). 
Although the injections in the first and 
second groups were large in order to 
maximize the probability of revealing 
double-labeled cells in the brain stem, 
double-labeled DR cells were also seen 
after considerably smaller injections of 
EB restricted to the caudate-putamen 
and of DAPI-primuline restricted primar- 
ily to the amygdala. 

It has been suggested that some sero- 
tonergic fibers from the DR (13) termi- 
nate supra-ependymally in the cerebral 
ventricles (14). Therefore, in a control 
experiment, large injections of DAPI- 
primuline and EB were made directly in- 
to the ventricles at the level of the ante- 
rior thalamus, with some spread into the 
surrounding periventricular tissue occur- 
ring. These injections resulted in a faint 
labeling of only an extremely small num- 
ber of cells in the caudal DR. Even this 
restricted labeling could conceivably 
arise from uptake by and transport from 
terminals in the periventricular tissue as 
much as from the supra-ependymal ter- 
minals. Thus, the serotonergic innerva- 
tion of the cerebral ventricles (14) from 
the DR (13) appears to play little role in 
the results described above. 

Our findings emphasize the wide- 
spread collateralization of the ascending 
raphe projections and the lack of such 
collateralization in the nigral projections. 
Nevertheless, some topographical or- 
ganization can be seen in both brain- 
stem cell groups with respect to the two 
injections shown in Fig. 1. 

In the DR nucleus, moving from ros- 
tral to caudal, first only cells labeled with 
EB (from the anterior-medial forebrain 
injection) were seen. These cells ap- 
peared densely in the two portions of the 
DR nucleus: the ventromedial fountain 
(between the two medial longitudinal fas- 
ciculi) and the dorsomedial cluster (just 
beneath the aqueduct). More caudally, 
single cells double-labeled with both EB 
and DAPI-primuline (from the lateral- 
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caudal forebrain injection) appeared, 
first in the ventromedial fountain and 
then more caudally again in the dorsome- 
dial cluster as well (Fig. 1). In the cau- 
dal end of the DR nucleus and further 
caudal in the B6 area (15), however, only 
DAPI-primuline labeled cells were seen 
(9). 

In the lateral SNC at rostral levels 
(Fig. 1), separate groups of similar size 
of DAPI-primuline and EB-labeled cells 
were seen. In the medial SNC and VTA 
at these rostral levels, DAPI-primuline- 
labeled cells constituted small clusters 
surrounded by large numbers of EB-la- 
beled cells. More caudally the distribu- 
tion of EB-labeled cells remained rough- 
ly the same, but the DAPI-primuline-la- 
beled cell clusters vanished laterally and 
thus became restricted to the medial 
SNC and VTA. At the caudal end of the 
SN, only EB-labeled neurons were pres- 
ent. 

Previous reports have demonstrated 
that the groups of SNC-VTA cells pro- 
jecting to different forebrain areas over- 
lap (8, 16, 17), but also in several in- 
stances that SNC-VTA cells projecting 
to one forebrain area are different from 
those projecting to another (8, 17, 18). 
With a fluorescent retrograde double-la- 
beling technique, we have demonstrated 
within individual animals, that the SNC- 
VTA cells innervating the lateral-cau- 
dal forebrain form interlocking cell clus- 
ters with those innervating the anterior- 
medial forebrain. This should be consid- 
ered in light of a report that removing 
the striatum produces retrograde cell 
changes in clusters of SN cells inter- 
spersed with clusters of normal cells 
(19). 

Different afferent inputs to certain 
brain regions may form mosaics of segre- 
gated terminal zones, for example, the 
ocular dominance columns in the visual 
cortex (20) and also the various cortical 
(21) and thalamic (22) terminal clusters in 
the monkey striatum. This is obviously 
reminiscent of the alternating efferent 
cell clusters in the SNC-VTA demon- 
strated in the present study. The inter- 
digitation of cell clusters projecting to 
the anterior-medial versus lateral-caudal 
forebrain may allow both these forebrain 
areas to partake of information received 
from fiber systems terminating in dif- 
ferent medio-lateral portions of the SNC- 
VTA. 

The fluorescent retrograde double-la- 
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The fluorescent retrograde double-la- 
beling technique has also made it pos- 
sible to demonstrate that, in contrast to 
cells of the SNC-VTA, a number of 
single raphe cells sends axon collaterals 
to two widely divergent forebrain areas. 
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This result may explain why cells in one 
area of the DR are consistently labeled 
(in different animals) by horseradish per- 
oxidase injections into different fore- 
brain regions (9). 

DEREK VAN DER KOOY* 

HENRICUS G. J. M. KUYPERS 

Department ofAnatomy, 
Erasmus University Rotterdam, 
Rotterdam, Netherlands 

References and Notes 

1. M. Segal and S. Landis, Brain Res. 78, 1 (1974); 
I. Divac, J. H. LaVail, R. Pakic, K. R. Winston, 
ibid. 123, 197 (1977); M. Bentivoglio, G. Mac- 
chi, P. Rossini, E. Tempesta, Exp. Brain Res. 
31, 489 (1978). 

2. D. van der Kooy, H. G. J. M. Kuypers, C. E. 
Catsman-Berrevoets, Brain Res. 158, 189 
(1978). 

3. E. E. Geisert, ibid. 117, 130 (1976); N. L. Hayes 
and A. Rustioni, Anat. Rec. 190, 416 (1978); 0. 
Stewart and S. A. Scoville, Neurosci. Lett. 3, 
191 (1976); , S. L. Vinsant, ibid. 5, 1 
(1977). 

4. H. G. J. M. Kuypers, C. E. Catsman-Ber- 
revoets, R. E. Padt, Neurosci. Lett. 6, 127 
(1977); H. G. J. M. Kuypers, M. Bentivoglio, D. 
van der Kooy, C. E. Catsman-Berravoets, ibid., 
in press. 

5. The fluorescent substances used for retrograde 
transport in our report should not be confused 
with the histofluorescent methods of demon- 
strating monoamine cells. 

6. M. C. Trachtenberg and R. T. Hadley, Neu- 
rosci. Abstr. 3, 32 (1977). 

7. J. H. Fallon and R. Y. Moore, J. Comp. Neurol. 
180, 545 (1978). 

This result may explain why cells in one 
area of the DR are consistently labeled 
(in different animals) by horseradish per- 
oxidase injections into different fore- 
brain regions (9). 

DEREK VAN DER KOOY* 

HENRICUS G. J. M. KUYPERS 

Department ofAnatomy, 
Erasmus University Rotterdam, 
Rotterdam, Netherlands 

References and Notes 

1. M. Segal and S. Landis, Brain Res. 78, 1 (1974); 
I. Divac, J. H. LaVail, R. Pakic, K. R. Winston, 
ibid. 123, 197 (1977); M. Bentivoglio, G. Mac- 
chi, P. Rossini, E. Tempesta, Exp. Brain Res. 
31, 489 (1978). 

2. D. van der Kooy, H. G. J. M. Kuypers, C. E. 
Catsman-Berrevoets, Brain Res. 158, 189 
(1978). 

3. E. E. Geisert, ibid. 117, 130 (1976); N. L. Hayes 
and A. Rustioni, Anat. Rec. 190, 416 (1978); 0. 
Stewart and S. A. Scoville, Neurosci. Lett. 3, 
191 (1976); , S. L. Vinsant, ibid. 5, 1 
(1977). 

4. H. G. J. M. Kuypers, C. E. Catsman-Ber- 
revoets, R. E. Padt, Neurosci. Lett. 6, 127 
(1977); H. G. J. M. Kuypers, M. Bentivoglio, D. 
van der Kooy, C. E. Catsman-Berravoets, ibid., 
in press. 

5. The fluorescent substances used for retrograde 
transport in our report should not be confused 
with the histofluorescent methods of demon- 
strating monoamine cells. 

6. M. C. Trachtenberg and R. T. Hadley, Neu- 
rosci. Abstr. 3, 32 (1977). 

7. J. H. Fallon and R. Y. Moore, J. Comp. Neurol. 
180, 545 (1978). 

viation. 

It has been consistently demonstrated 
that a nonconcomitant (paralytic) stra- 
bismus produced in kittens by surgically 
severing one or more of the extraocular 
muscles results in a severe loss of corti- 
cal binocularity (1). Depending on the di- 
rection of the deviation of the visual 
axes, a squint can also cause a loss in the 
spatial resolving capacity of lateral ge- 
niculate (LGN) neurons, a decrease in 
LGN cell size, and a functional loss in 
visual fields (2). Because fusion is usual- 
ly impossible after such manipulations, it 
is tempting to attribute all of these altera- 
tions to the asymmetrical and conflicting 
visual inputs originating from the two 
eyes. In this respect, however, Maffei 
and Bisti (3) have recently shown that 
asymmetrical visual inputs to the cortex 
are not a necessary condition for the 
breakdown in binocularity that results 
from a surgically induced strabismus. In- 
stead, their results indicate that asym- 
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metrical ocular motility alone is suf- 
ficient to disrupt the binocular inputs to 
cortical neurons. 

Since impaired ocular motility is a nec- 
essary consequence of surgically in- 
duced strabismus, it is not possible to 
evaluate completely the effects of con- 
flicting visual inputs in such animals. 
Conflicting visual inputs can be pro- 
duced without necessarily inducing ocu- 
lomotor abnormalities by depriving one 
eye of form vision (for example, by uni- 
lateral occlusion). With this procedure, 
the deprived eye is put at a competitive 
disadvantage, and, as a result, the neu- 
rons in the visual cortex of the devel- 
oping kitten become almost totally domi- 
nated by the normal eye (4). Therefore, 
with this type of manipulation, it is not 
possible to isolate the effects of conflict- 
ing visual inputs without one eye's being 
given a definite competitive advantage. 
Even when the occlusion is alternated 
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Binocularity in Kittens Reared with Optically Induced Squint 
Abstract. The effects of conflicting visual images were studied without the con- 

founding influences of oculomotor abnormalities: strabismus was simulated by rear- 
ing kittens with ophthalmic prisms before the eyes. After the animals had matured, 
the response properties of neurons in the visual cortex were studied. The proportion 
of binocularly excited neurons decreased; however, the extent of the ocular domi- 
nance alterations was related to the amount and direction of the prism-induced de- 
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