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Transmitter-Specific Retrograde Labeling in 

the Striato-Nigral and Raphe-Nigral Pathways 

Abstract. Injecting radioactive transmitters into the rat substantia nigra led to 
retrograde neuronal labeling either in the dorsal raphe nucleus, after +'H-labeled 
serotonin injection, or in the caudoputamen, after 3H-labeled y-aminobutyric acid 
injection. This differential labeling in projections whose transmitter has been estab- 
lished provides the basis for a histochemical tracing method indicating both con- 
nectivity and transmitter specificity of neural pathways. 
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after [3H]glycine was applied to the ter- 
minal area (1). The release of exogenous 
and endogenous glycine when this path- 
way is electrically stimulated indicates 
its glycinergic nature (2). Furthermore, 
retrograde labeling has been found after 
administration of y-3H]aiminobutyric acid 
(GABA) in two neuronal systems, in 
which the transmitter has not been de- 
termined by well-established criteria 
(1, 3). We have now tested our hypoth- 
esis in mammalian pathways character- 
ized with respect to their transmitter. 

The rat striato-nigral and raphe-nigral 
projections were chosen as models. 
Electrophysiological and biochemical 
investigations leave little doubt that 
GABA is a transmitter in the striato-ni- 
gral pathway (4, 5). There is also good 
evidence for a serotoninergic projection 
from the raphe nucleus to the substantia 
nigra (6). According to the hypothesis 
tested, injection of [3H]GABA into the 
substantia nigra should lead to perikaryal 
labeling in the caudoputamen, whereas 
application of [3H]serotonin should label 
nerve cell bodies in the raphe nucleus. 

We tested these predictions in female 
albino rats (160 to 190 g) anesthetized 
with Nembutal (40 mg per kilogram of 
body weight, injected intraperitoneally) 
for stereotaxic injections (coordinates 
were 2.6 mm anterior to the interaural 
line, 2.0 mm lateral to the midline, and 
2.0 mm below the horizontal zero plane) 
(7). Two animals received [3H]GABA (15 
taCi in 0.05 ,tl, 5.6 mM, or 10 ,tCi in 0.1 
,tl, 1.85 mM, 4-amino-n-[2,3-3H]butyric 
acid, 54 Ci/mmole; Radiochemical Cen- 
tre, Amersham) and another two [3H]sero- 
tonin (13 to 16 t/Ci in 0.05 al, 24 to 30 
mM, 5-hydroxy[G-3H]tryptamine crea- 
tinine sulfate, 10.7 Ci/mmole; Radio- 
chemical Centre). As a control, the un- 
specific retrograde marker substance 
horseradish peroxidase (HRP) [0.05 al of 
30 percent (weight to volume); Boeh- 
ringer RZ3] was used to treat two rats. 
The survival time was 6 hours in the 
GABA and serotonin cases and 1 day in 
the HRP experiments. The animals were 
intracardially perfused, first with 5 per- 
cent Rheomacrodex solution (Pharmacia 
Uppsala) for 20 to 30 seconds and then 
with 400 ml of 5 percent phosphate-buf- 
fered (0.16M, pH 7.4) glutaraldehyde fix- 
ative. Transverse frozen sections (50 Atm 
thick) were prepared for light microscop- 
ic autoradiography according to standard 
techniques and exposed in the dark for 6 
and 12 weeks or stained for peroxidase 
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was maximal over the lateral part of the 
substantia nigra pars reticulata. Espe- 
cially with the larger injection site, the 
background activity over a large part of 
the brain was high. In both [3H]serotonin 
cases, labeled perikarya were observed 
predominantly in the ipsilateral half of 
the dorsal raphe nucleus (Fig. 1, A and 
B). A small number of neurons were la- 
beled in this area. Occasionally accumu- 
lations of silver grains with the shape of 
proximal dendrites were detected in the 
neuropil surrounding labeled perikarya. 
No labeled neurons were seen in other 
monoamine cell groups (9). The distribu- 
tion of labeled cell bodies was similar to 
the one found in earlier (4, 5) and in our 
HRP experiments. These observations 
are consistent with the hypothesis that 
the serotoninergic raphe-nigral pathway 
was selectively labeled. 

Retrograde perikaryal labeling in the 
nucleus raphe dorsalis after the injection 
of [3H]serotonin into the rat caudoputa- 
men has been described by Leger et al. 
(10). They found modestly labeled cells 
in this area and heavily labeled neurons 
in the substantia nigra. Thus, retrograde 
perikaryal labeling after the application 
of [3H]serotonin was not restricted to 
serotoninergic pathways, but was also 
obtained in a dopaminergic system (9). 
After [3H]dopamine was injected into the 
striatum, we found preliminary evidence 
of heavy perikaryal labeling in the sub- 
stantia nigra and weak labeling in the nu- 
cleus raphe dorsalis. This crossed speci- 
ficity of the labeling patterns after 
[3H]dopamine or [3H]serotonin injec- 
tions could possibly be explained by the 
well-established crossed specificity of 
the uptake systems in dopaminergic and 
serotoninergic terminals even at very 
low concentrations (11). 

Further limitations in the chemospeci- 
ficity of retrograde perikaryal labeling 
were indicated, however, by exceptional 
labeled pyramidal cells in layer 5 of the 
cortex in one of our [3H]serotonin exper- 
iments (large injection site). Bunney and 
Aghajanian (5) described a cortico-nigral 
pathway in the rat by retrograde tracing 
after nigral HRP injection, and our ex- 
periment confirmed their finding. Thus, 
the labeled cortical perikarya after nigral 
[3H]serotonin application presumably 
belonged to this connection in which 
there is no indication that serotonin is a 
transmitter. As no significant labeling 
was found in these experiments over 
striatal and pallidal neurons, a certain 
degree of chemospecificity in retrograde 
labeling after [3H]serotonin injection 
could nevertheless be hypothesized. 

Labeling from the [3H]GABA injection 
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sites was more restricted than that in the 
[3H]serotonin experiments and was max- 
imum in the zona reticulata of the sub- 
stantia nigra-very lateral for the smaller 
and slightly more medial for the larger in- 
jection. In a series of successively more 
anterior sections, accumulations of sil- 
ver grains with the shape of a strong fiber 

bundle were observed over the internal 
capsule. In the region of the globus pal- 
lidus, we found a few smaller bundles di- 
vided up into even smaller ones in a re- 
stricted area of the caudoputamen (Fig. 
1, C and D). Clusters of labeled peri- 
karya were detected there [between 
about 5.4 and 6.4 mm anterior to the in- 
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Fig. 1. Light microscopic autoradiographs showing neuronal perikarya labeled by retrograde 
transport (arrows) 6 hours after nigral injection of [3H]serotonin (A and B) or of [3H]GABA (C 
and D). (A) Pattern of labeling in the nucleus raphe dorsalis. Clustered perikarya are indicated 
by double arrows. Abbreviations: AC, aquaeductus cerebri; FLM, fasciculus longitudinalis 
medalis. The asterisk marks a blood vessel. The rectangle is enlarged in (B). (B) Accumulations 
of silver grains over neural cell bodies. (C) Labeling of perikarya and small fiber bundles (arrow 
heads) in the caudoputamen (CPU). Many strongly labeled fibers can be seen in capsula interna 
(Cl). Abbreviation: GP, globus pallidus. (D) Enlargement of rectangle in (C). (A and C) Dark- 
field illumination; bar, 500 /am. (B and D) Bright-field illumination; cresylecht violet staining; 
bar, 50 um. 
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teraural line (7)]. The number of silver 
grains overlying a neuron varied consid- 
erably from one cell to another. The sil- 
ver grains overlying a perikaryon were 
often not single but clustered in small 
groups. Only medium-sized (12 to 15 
/Lm) (none of the rarer "giant") neurons 
were labeled. The majority of labeled 
perikarya were localized in a more ex- 
ternal part of the caudoputamen, close to 
the unlabeled subcortical white matter. 
The labeling in fiber bundles in the 
neuropil and around labeled cell bodies 
was probably at least partly due to the 
migration of radioactive material in the 
axons back to the striatal perikarya. In 
the globus pallidus, the high density of 
silver grains over fiber bundles did not 
permit us to determine whether certain 
neurons were labeled (12). In the 
[3H]GABA cases we saw no perikaryal 
labeling in the cortex or in the nucleus 
raphe dorsalis. In both of these areas, la- 
beling was easily detected after HRP was 
injected into the nigra. In the HRP cases, 
the labeling in the caudoputamen extend- 
ed over a wider rostro-caudal region than 
it did in the [:H]GABA experiments. The 
type of neurons labeled was the same in 
both kinds of experiments. The results 
obtained with [3H]GABA suggest that 
striato-nigral neurons containing GABA 
were selectively labeled, although it was 
not possible to control for false-positive 
perikaryal labeling in striatal neurons 
with neurotransmission mediated by 
substance P (13). Substance P neurons 
had been localized, however, in more 
rostral portions of the caudoputamen 
than the ones in which the labeled peri- 
karya were seen (14). 

No perikaryal labeling was observed 
after nigral injection of GABA pre- 
cursors like glutamate (0.05 jtl of L-[G- 
3H]glutamic acid, 14 gCi; specific activi- 
ty, 28 Ci/mmole; Radiochemical Centre) 
or glutamine (0.05 gl of L-[G-3H]glu- 
tamine, 15 ,uCi; specific activity, 21 Ci/ 
mmole; Radiochemical Centre) (15). 
These negative findings might indicate 
that newly synthetized transmitter did 
not get into compartments for retro- 
grade axonal migration in amounts high 
enough to be detected in the perikaryon. 
The results demonstrated, in addition, a 
high degree of chemospecificity for the 
retrograde perikaryal labeling. 

The labeling of nigral afferents origi- 
nating in the cortex, the caudoputamen, 
and the nucleus raphe dorsalis only with 
the unspecific tracer HRP confirms ear- 
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obtained with [3H]GABA suggest that 
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were selectively labeled, although it was 
not possible to control for false-positive 
perikaryal labeling in striatal neurons 
with neurotransmission mediated by 
substance P (13). Substance P neurons 
had been localized, however, in more 
rostral portions of the caudoputamen 
than the ones in which the labeled peri- 
karya were seen (14). 
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after nigral injection of GABA pre- 
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3H]glutamic acid, 14 gCi; specific activi- 
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tamine, 15 ,uCi; specific activity, 21 Ci/ 
mmole; Radiochemical Centre) (15). 
These negative findings might indicate 
that newly synthetized transmitter did 
not get into compartments for retro- 
grade axonal migration in amounts high 
enough to be detected in the perikaryon. 
The results demonstrated, in addition, a 
high degree of chemospecificity for the 
retrograde perikaryal labeling. 
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nating in the cortex, the caudoputamen, 
and the nucleus raphe dorsalis only with 
the unspecific tracer HRP confirms ear- 
lier studies. A differential pattern was 
found, however, with radioactive trans- 
mitters. After [3H]serotonin injection in- 
to the substantia nigra, neurons were ret- 
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rogradely labeled in the dorsal raphe nu- 
cleus but not in the caudoputamen, 
whereas after [3H]GABA injections the 
labeling pattern was the opposite. These 
results support the hypothesis of trans- 
mitter-specific retrograde tracing. Cer- 
tain limitations in the chemospecificity 
are suggested in the case of serotonin by 
slight cortical labeling. Although the new 
method is not yet established, it may 
prove a useful tool for indicating simulta- 
neously the transmitter and the con- 
nectivity of labeled neurons. Whether 
transmitter-specific retrograde labeling is 
based on selective uptake and active ax- 
onal transport and whether it is biologi- 
cally meaningful (for example, in signal- 
ing the state of the terminal to the neu- 
ronal perikaryon) remains to be inves- 
tigated. 
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housed together at Atlanta's Grant Park 
Zoo as an exhibit of lesser apes. The sia- 
bon was abandoned by the mother at 3 
months of age and was raised at the Pri- 
mate Behavior Laboratory of Georgia 
State University apart from other apes. 
She has been given routine care and 
maintained in excellent health. A second 
female offspring, born 30 August 1976 to 
the same pair, died at 41/2 months of age 
from complications of an infection that 
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Hybrid Ape Offspring of a Mating of Gibbon and Siamang 

Abstract. The serendipitous mating of a male gibbon, Hylobates moloch, and a 
female siamang, Symphalangus syndactylus, has produced two female offspring 
born 1 year apart. The hybrid karyotype of 47 chromosomes comprises the haploid 
complements of the parental species, 22 for the gibbon and 25 for the siamang. 
Chromosomal G and C banding comparisons revealed no clear homologies between 
the parental karyotypes except for the single chromosome in each species containing 
the nucleolus organizer region. The lack of homology suggests that the structural 
rearrangement of chromosomes has played a major role in the process of speciation 
for these lesser apes. 
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