
Friend erythroleukemia cells. Adher- 
ence and differentiation of HL-60 cells 
were not induced by promoters, such as 
anthralin, that are unrelated in chemical 
structure to the plant diterpenes and are 
much less active in vivo. A similar dif- 
ference between the effects of phorbol 
diester tumor promoters and other types 
of tumor promoters on cells in culture 
has been observed by others. Driedger 
and Blumberg (19) found that TPA and 
nonphorbol tumor promoters had dif- 
ferent effects on the large-external-trans- 
formation-sensitive (LETS) glycoprotein 
and on deoxyglucose transport in chick 
embryo fibroblasts. Wigler et al. (20) 
found in the same cells that only diter- 
pene esters, and not other types of tumor 
promoters, induced plasminogen activa- 
tor. It is possible, therefore, that many of 
the effects of tumor promoters on cells in 
vitro are unrelated to the mechanism of 
promotion or that different chemical 
classes of promoters have completely 
different mechanisms of promoting ac- 
tion. Driedger and Blumberg (19) 
reached a similar conclusion. It is also of 
interest in this connection that a com- 
pound such as fluocinolone acetonide, 
which can inhibit TPA-induced tumor 
promotion in vivo (16) and TPA-induced 
DNA synthesis in mouse epidermal cells 
in vitro (21), had no effect on the induc- 
tion of differentiation by TPA in HL-60 
cells. 

It is also interesting that mezerein, one 
of the plant esters that was an effective 
inducer of differentiation in the HL-60 
cell line, has been shown to exert anti- 
leukemic activity against the P388 mu- 
rine lymphocytic leukemia (22). Its abili- 
ty to force proliferating human pro- 
myelocytic leukemia cells to differenti- 
ate into nonproliferating macrophage- 
like cells suggests that it and simi- 
lar compounds may merit further investi- 
gation as antitumor drugs with this par- 
ticular mechanism of action. It should be 
stressed that the loss of proliferative ca- 
pacity induced in HL-60 cells by meze- 
rein and the phorbol diester tumor pro- 
moters is not only very rapid but also af- 
fects 100 percent of the cell population. 
In contrast to the effects of other types of 
inducers of differentiation such as di- 
methyl sulfoxide in this and other cell 
systems, there are no nonresponsive, 
proliferating cells remaining in HL-60 
cell cultures treated with effective tumor 
promoters. 
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man speech perception. 

In recent studies of the psychology 
and physiology of hearing, there is evi- 
dence of novel insights from the use of 
complex, biologically significant stimuli 
(1). Investigators are increasingly con- 
cerned that organisms may use special 
perceptual procedures in the processing 
of sounds with particular significance to 
species members, such as those used in 
social communication. The evolution of 
speech has evidently capitalized on par- 
ticular attributes of the human auditory 
system, although the extent to which 
these are uniquely human is moot (2). 
We have undertaken to analyze how Jap- 
anese macaques (Macaca fuscata) per- 
ceive elements from their repertoire of 
communicative sounds to determine 
whether they have evolved predispo- 
sitions for processing such signals. The 

man speech perception. 

In recent studies of the psychology 
and physiology of hearing, there is evi- 
dence of novel insights from the use of 
complex, biologically significant stimuli 
(1). Investigators are increasingly con- 
cerned that organisms may use special 
perceptual procedures in the processing 
of sounds with particular significance to 
species members, such as those used in 
social communication. The evolution of 
speech has evidently capitalized on par- 
ticular attributes of the human auditory 
system, although the extent to which 
these are uniquely human is moot (2). 
We have undertaken to analyze how Jap- 
anese macaques (Macaca fuscata) per- 
ceive elements from their repertoire of 
communicative sounds to determine 
whether they have evolved predispo- 
sitions for processing such signals. The 

0036-8075/79/0525-0870$00.50/0 Copyright ? AAAS 0036-8075/79/0525-0870$00.50/0 Copyright ? AAAS 

of V. J. Cristofalo and B. B. Scharf [Exp. Cell 
Res. 76, 419 (1973)]. 

14. G. Rovera, D. Santoli, C. Damsky, Proc. Natl. 
Acad. Sci. U.S.A., in press; A. Vorbrodt, P. 
Meo, G. Rovera, in preparation. 

15. E. Hecker, in Carcinogenesis-A Comprehen- 
sive Survey, vol. 2, Mechanisms of Tumor Pro- 
motion and Cocarcinogenesis, T. J. Slaga, A. 
Sivak, R. K. Boutwell, Eds. (Raven, New York, 
1978), p. 11; F. G. Bock and R. Burs, J. Natl. 
Cancer Inst. 30, 393 (1963); C. Peraino, R. J. M. 
Fry, E. Staffeldt, W. E. Kisieleski, Cancer Res. 
33, 2701 (1973); R. M. Hicks, J. St. J. Wakefield, 
J. Chowaniec, Chem. Biol. Interact. 11, 225 
(1975). 

16. J. A. Schwarz, A. Viaje, T. J. Slaga, S. H. 
Yuspa, H. Hennings, U. Lichti, Chem. Biol. In- 
teract. 17, 331 (1977). 

17. S. Belman and W. Troll, Cancer Res. 32, 450 
(1972); W. Bollag, Eur. J. Cancer 8, 689 (1972); 
A. K. Verma and R. K. Boutwell, Cancer Res. 
37, 2196 (1977); A. K. Verma, H. M. Rice, R. K. 
Boutwell, Biochem. Biophys. Res. Commun. 79, 
1160 (1977); M. Hozumi, M. Ogawa, T. Sugi- 
mura, T. Takeuchi, H. Umezawa, Cancer Res. 
32, 1725 (1972); W. Troll, A. Klassen, A. Janoff, 
Science 169, 1211 (1970). 

18. H. Yamasaki, E. Fibach, I. B. Weinstein, U. 
Nudel, R. A. Rifkind, P. A. Marks, in Oncogen- 
ic Viruses and Host Cell Genes, Y. Ikawa, Ed. 
(Academic Press, New York, in press). 

19. P. E. Driedger and P. M. Blumberg, Int. J. Can- 
cer 22, 63 (1978). 

20. M. Wigler, D. DeFeo, I. B. Weinstein, Cancer 
Res. 38, 1434 (1978). 

21. U. Lichti, T. J. Slaga, T. Ben, E. Patterson, H. 
Hennings, S. H. Yuspa, Proc. Natl. Acad. Sci. 
U.S.A. 74, 3908 (1977). 

22. S. M. Kupchan and R. L. Baxter, Science 187, 
652 (1975). 

23. Supported in part by grants CA 21124, CA 
08936, and CA 23413 from the National Cancer 
Institute and grant ES 01664 from the National 
Institute of Environmental Health Sciences. 
G.R. is a Scholar of the Leukemia Society of 
America. We thank R. Gallo for the HL-60 cells. 
Antipain and leupeptin were obtained through 
the United States-Japan Medical Science Pro- 
gram. 

15 December 1978; revised 5 March 1979 

of V. J. Cristofalo and B. B. Scharf [Exp. Cell 
Res. 76, 419 (1973)]. 

14. G. Rovera, D. Santoli, C. Damsky, Proc. Natl. 
Acad. Sci. U.S.A., in press; A. Vorbrodt, P. 
Meo, G. Rovera, in preparation. 

15. E. Hecker, in Carcinogenesis-A Comprehen- 
sive Survey, vol. 2, Mechanisms of Tumor Pro- 
motion and Cocarcinogenesis, T. J. Slaga, A. 
Sivak, R. K. Boutwell, Eds. (Raven, New York, 
1978), p. 11; F. G. Bock and R. Burs, J. Natl. 
Cancer Inst. 30, 393 (1963); C. Peraino, R. J. M. 
Fry, E. Staffeldt, W. E. Kisieleski, Cancer Res. 
33, 2701 (1973); R. M. Hicks, J. St. J. Wakefield, 
J. Chowaniec, Chem. Biol. Interact. 11, 225 
(1975). 

16. J. A. Schwarz, A. Viaje, T. J. Slaga, S. H. 
Yuspa, H. Hennings, U. Lichti, Chem. Biol. In- 
teract. 17, 331 (1977). 

17. S. Belman and W. Troll, Cancer Res. 32, 450 
(1972); W. Bollag, Eur. J. Cancer 8, 689 (1972); 
A. K. Verma and R. K. Boutwell, Cancer Res. 
37, 2196 (1977); A. K. Verma, H. M. Rice, R. K. 
Boutwell, Biochem. Biophys. Res. Commun. 79, 
1160 (1977); M. Hozumi, M. Ogawa, T. Sugi- 
mura, T. Takeuchi, H. Umezawa, Cancer Res. 
32, 1725 (1972); W. Troll, A. Klassen, A. Janoff, 
Science 169, 1211 (1970). 

18. H. Yamasaki, E. Fibach, I. B. Weinstein, U. 
Nudel, R. A. Rifkind, P. A. Marks, in Oncogen- 
ic Viruses and Host Cell Genes, Y. Ikawa, Ed. 
(Academic Press, New York, in press). 

19. P. E. Driedger and P. M. Blumberg, Int. J. Can- 
cer 22, 63 (1978). 

20. M. Wigler, D. DeFeo, I. B. Weinstein, Cancer 
Res. 38, 1434 (1978). 

21. U. Lichti, T. J. Slaga, T. Ben, E. Patterson, H. 
Hennings, S. H. Yuspa, Proc. Natl. Acad. Sci. 
U.S.A. 74, 3908 (1977). 

22. S. M. Kupchan and R. L. Baxter, Science 187, 
652 (1975). 

23. Supported in part by grants CA 21124, CA 
08936, and CA 23413 from the National Cancer 
Institute and grant ES 01664 from the National 
Institute of Environmental Health Sciences. 
G.R. is a Scholar of the Leukemia Society of 
America. We thank R. Gallo for the HL-60 cells. 
Antipain and leupeptin were obtained through 
the United States-Japan Medical Science Pro- 
gram. 

15 December 1978; revised 5 March 1979 

aim is to discover basic commonalities 
and contrasts between speech perception 
and the perception of conspecific calls 
by monkeys. An earlier report described 
our discovery that Japanese macaques 
consistently exhibit right-ear dominance 
while engaged in the perceptual process- 
ing of these vocalizations (3). Here 
we explore whether these monkeys 
use other strategies characteristic of 
speech perception in the processing of 
their own vocalizations. 

One task a human listener faces when 
decoding speech sounds is the extraction 
of the appropriate linguistic content in 
the face of variability introduced by dif- 
ferences in the speaker's age, sex, and 
individual vocal tract anatomy. This nor- 
malization process has been termed per- 
ceptual constancy (4). Recent data in- 
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Species-Specific Perceptual Processing 
of Vocal Sounds by Monkeys 

Abstract. Monkeys of four species were trained to discriminate between sets of 
natural tonal calls of Japanese macaques (Macaca fuscata) by the position of a fre- 
quency-inflection peak or by initial pitch. The Japanese macaques consistently per- 
formed best on peak position and the other species on pitch. The results imply special 
strategies for perceptual processing of vocal sounds and suggest parallels with hu- 
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dicate that even prelinguistic human in- 
fants recognize essential differences 
between phonemic categories, which 
suggests that they perceive constant 
stimulus relationships among myriad 
acoustic cues (5, 6). In this experiment 
we set out to determine whether Japa- 
nese macaques can also attend to partic- 
ular, relevant acoustic dimensions even 
in the face of irrelevant yet prominent 
variability in other aspects of their vocal- 
izations. In short, do these monkeys 
show perceptual constancy for their own 
communication sounds? 

Green (7) has demonstrated the Japa- 
nese macaques' social usage of complex 
and subtle variations in acoustic struc- 
ture. For example, one of the ten general 
classes of calls used by this species is 
called simply "coos." Although all coos 
sound similar to the human ear, being 
tonal and with extensive harmonic struc- 
ture, seven subtypes can be distin- 
guished on the basis of fine acoustic 
structure. On examining the situations in 
which they are used, each vocal subtype 
was found to be correlated with a dif- 
ferent set of behavioral contexts, which 
suggested that each coo variant marked a 
particular and distinct social circum- 
stance. 

All coos are used in affinitive situa- 
tions, often as part of contact solicita- 
tions. Two of the seven subtypes were 
used in our experiments. The coo type 
dubbed smooth early (SE) is generally 
uttered by calm, young individuals iso- 
lated from companions. A second coo 
variant, the smooth late (SL) is given by 
subordinate animals to more dominant 
troop members, predominantly by es- 
trous females soliciting contact at the 
early stages of consort formation. Both 
types may be given by animals of all 
ages, and they appear to denote two dif- 
ferent behavioral states. While these two 
coos tend to be uttered in different cir- 
cumstances, they are similar in most 
acoustic dimensions. Green's diagnostic 
criterion for distinguishing them is the 
relative position of the peak frequency 
inflection. In SE's this occurs in the first 
two-thirds of the call, and in SL's in the 
final third (3). 

We trained Japanese macaques and 
several other monkeys used as com- 
parison species to perform an operant re- 
sponse to the playback of recorded calls. 
Classical methods of animal psycho- 
physics were used to test the ability of 
the different species to discriminate be- 
tween sets of coo vocalizations sorted 
along different acoustic dimensions (8). 
In one case the coos were arranged ac- 
cording to peak position, with SE's fall- 
ing into one group and SL's into the sec- 
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Table 1. Species differences in performance. 
The derivation of the index of task difficulty 
is explained in the text. 

eSub- Task 
Species 

Ject Peak Pitch 

Experiment 1 
Macaca fuscata 120 1.0 3.6 
Macacafuscata 122 1.5 4.4 
Macaca nemestrina 93 8.2 1.0 
Macaca radiata 133 3.9 1.2 

Experiment 2 
Macacafuscata 98 1.0 
Macacafuscata 99 2.0 
Macacafuscata 100 1.8 
Macaca nemestrina 35 4.1 
Macaca radiata 88 6.7 
Cercopithecus aethiops 58 7.1 

ond. In the second part of this experi- 
ment, the same coos were re-sorted on 
the basis, not of peak position, but of 
starting frequency. One group of stimuli 
had a low starting pitch ( < 600 Hz), the 
other a high starting pitch ( > 600 Hz). In 
this way two discrimination tasks were 
produced: one in which peak position 
was the target cue and pitch was an irrel- 
evant, potentially distracting cue; and a 
second in which onset pitch was the tar- 
get cue and peak position was irrelevant. 
Our objective was to determine whether 
frequency-peak position is a cue attend- 
ed to preferentially by Japanese ma- 
caques, as predicted from Green's field 
study, and whether the comparison spe- 
cies would behave differently, using the 
simple target cue of initial frequency 
rather than the complex one of relative 
position of the frequency maximum. A 
similar method is used in experiments on 
speech perception to establish the rela- 
tive salience of acoustic cues in speech 
sounds, contrasting, for example, lin- 
guistic cues with nonlinguistic properties 
such as pitch (9). 

Subjects were trained to grasp a metal 
tube which initiated playback of audible 
stimuli through earphones (TDH-140) 
every 3 seconds. After one to four back- 
ground stimuli had been presented, a tar- 
get stimulus was inserted. A monkey's 
task was to detect the target stimulus as 
distinct from the background and to re- 
spond by releasing the contact tube with- 
in 2 seconds. Only the correct response 
was reinforced with a banana pellet. 
Failure to detect the target was not pun- 
ished, but an erroneous response to a 
background stimulus produced a 5-sec- 
ond time-out. 

In the peak discrimination task, the 
background stimuli were field-recorded 
exemplars from the SL class, and the tar- 
get stimuli were from the SE class. In the 
pitch discrimination task, the back- 

ground stimuli were low-pitched and the 
target stimuli high-pitched. Thus, in one 
test starting pitch was the critical cue 
and in the other, the position of the fre- 
quency peak. Each stimulus was elec- 
tronically mixed with low-level wide- 
band noise to mask noise in the field re- 
cordings. On a stimulus-to-stimulus 
basis, the sounds were delivered ran- 
domly to the left or right ear. 

Four subjects-two Japanese ma- 
caques, one pig-tail macaque (M. ne- 
mestrina), and one bonnet macaque (M. 
radiata)-were trained first on one dis- 
crimination test, then on the other. The 
order of testing was counterbalanced 
across groups. In the initial stage of each 
test, subjects were required to discrimi- 
nate between a single call from one 
group and one call from the other. No 
animals had any difficulty at this stage. 
New exemplars from the two classes 
were added each time the animals satis- 
fied a set of a priori performance criteria 
(10). 

Clear species differences in perform- 
ance emerged as the total number of ex- 
emplars to be discriminated was in- 
creased (Fig. 1). If the discrimination 
task was based on the position of the 
peak in the call, Japanese macaques 
learned the task readily. However, if 
starting pitch was the relevant dimen- 
sion, the Japanese macaques experi- 
enced much more difficulty. Mirror im- 
age results were obtained for the com- 
parison species. Table 1 summarizes 
species differences in performance on 
the two discriminations. An index of task 
difficulty was derived by expressing the 
performance of each subject relative to 
that of the animal requiring the smallest 
cumulative number of sessions to com- 
plete the entire series for a particular 
task. Thus the entries in the table were 
obtained by dividing total sessions for 
completion by the number needed by the 
most proficient subject. The results con- 
firm the impression conveyed by Fig. 1. 
Comparison species required far more 
sessions than the Japanese monkeys to 
complete the peak task and fewer ses- 
sions on the pitch task. 

In a second experiment, six additional 
animals-three Japanese macaques, a 
pig-tail macaque, a bonnet macaque, and 
a vervet, Cercopithecus aethiops-were 
tested on the peak task in an attempt to 
replicate this finding of species dif- 
ferences in discrimination performance. 
These animals produced essentially cor- 
roborative results (Table 1) (11). All the 
Japanese animals found the peak task 
easier than did even the most proficient 
of the other species. 

Since all calls were taken from field 
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recordings, they manifested all of the 
natural variability in acoustic dimensions 
inherent in these calls, in addition to 
those critical to the distinction between 
SE and SL coos. That is, although each 
call can be classified as an SE or SL on 
the basis of the position of the peak fre- 
quency, they also vary irregularly in du- 
ration, pitch, harmonic emphasis, struc- 
ture, and so forth. Thus, one way of 
viewing these results is to consider the 
monkey's task as a problem in concept 
formation. In the peak discrimination 
task the subject is required to form con- 
cepts for both SE and SL and to classify 
background and target stimuli accord- 
ingly while ignoring "irrelevant" varia- 
tions in other acoustic parameters, in- 
cluding pitch value. Similarly, in the 

pitch task the animals were required to 
form a high-pitch and low-pitch concept 
and to sort the calls on that basis while 
ignoring irrelevant variation in other 
parameters, including peak position. 
Hence, the apparent attentional prefer- 
ence of Japanese macaques for the peak 
cue facilitated their performance on the 
peak task but interfered with acquisition 
of the pitch task. The other monkey spe- 
cies evidently lack the attentional prefer- 
ence for peak, and treat pitch as the 
more salient feature, since their perform- 
ance on the peak task was retarded rela- 
tive to that on the pitch task. 

The results demonstrate that the two 
acoustic cues manipulated in these ex- 
periments are not equipotential as dis- 
criminative stimuli for Japanese ma- 
caques and the other species tested. The 
attentional preference of the latter for 
starting pitch, probably because it is the 
simpler and acoustically more prominent 
of the two cues provided would be pre- 
dicted if no special predispositions are 
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brought to bear. The species-specific 
predisposition of Japanese macaques to 
discriminate groups of vocal sounds on 
the basis of the somewhat complex and 
subtle cue of frequency peak position 
parallels the evidence from field study 
suggesting that they use this cue for en- 
coding information in their natural com- 
municative repertoire. 

The implication is that prior experi- 
ence with these patterns of vocalization, 
either in the individual histories of the 
Japanese macaques we tested or in their 
evolutionary history, led to the adoption 
of special strategies for the perceptual 
processing of these calls. The results in- 
dicate that Japanese macaques attend se- 
lectively to the frequency peak cue in the 
face of irrelevant variation in other as- 
pects of the calls. Further, when the task 
is changed, forcing subjects to shift at- 
tention to the starting pitch of the calls, 
Japanese monkeys become less pro- 
ficient in the perceptual processing task, 
presumably because they continue to at- 
tend to the peak cue (11). 

The pattern of results for the Japanese 
macaques is strikingly similar to the find- 
ings of human speech perception studies. 
Human infants, for example, recognize 
the essential differences between two 
phonemic categories in the face of irrele- 
vant variation in other acoustic dimen- 
sions (5). Furthermore, infants are more 
efficient in forming acoustic categories 
based on phonemic contrasts than those 
based on pitch differences (6). These in- 
fant listeners thus seem to find some 
acoustic dimensions more salient than 
others in the processing of speech. In 
this sense we suggest that there are par- 
allels between the cognitive strategies 
used by human and nonhuman primates 
in processing their own vocalizations. 

We have no ontogenetic information 
about the genesis of the special pre- 
dispositions that Japanese macaques 
show in vocal perception, other than that 
subjects are wild-caught mature individ- 
uals raised in normal social groups, pre- 
sumably with ample opportunity for ex- 
periencing natural usage of coo calls 
(12). 

Another gap in our knowledge con- 
cerns the vocal usage of the other spe- 
cies. Vervet monkeys do not use coo 
calls (13). The other two macaque spe- 
cies' repertoires contain, as do all ma- 
caques, tonal clear calls or coo vocaliza- 
tions with characteristics like those of 
SE's and SL's (14). Whether their social 
usage indicates that frequency peak posi- 
tion is useful for separating coo variants 
functionally, as it is in M. fuiscata, re- 
mains to be determined (15). In either 
case, the ontogeny of usage remains un- 
known. Conceivably, the acoustic pat- 
terns of coos and their usage are cultural- 
ly determined, with the divergence of 
performance between Japanese and oth- 
er macaques in our experiments being 
consequent on histories of different indi- 
vidual experience. Alternatively, innate 
predispositions or some complex of in- 
nate perceptual tendencies that influence 
the learning process by which adult per- 
ceptual behavior is engendered may be 
involved. Such influences appear to 
characterize the ontogeny of human 
speech perception and the development 
of learned avian vocal perception (16). 
We hypothesize that such interplay of in- 
nate and learned perceptual predis- 
positions is also involved in the ontog- 
eny of species-specific vocal perception 
in nonhuman primates. 
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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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shown in Fig. 1). In addition, EB-labeled 
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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