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The activity of 5-HT-containing neurons in the brain is activated 
preferentially m association with motor output in cats. This is 
especially apparent during changes in muscle tone and during 
responses mediated by central pattern generators, such as chewing, 
locomotion and respiration. These and other data support the 
hypothesis that the primary functions of the 5-HT system in the brain 
are to facilitate motor output and concurrently inhibit sensory 
information processing. This hypothesis is applicable phylogenetically, 
from invertebrates to mammals. 

5-HT has been implicated in a bewildering diversity 
of behavioral and physiological processes ~. This is 
not surprising considering the almost ubiquitous 
distribution of 5-HT-containing axon terminals 
throughout the CNS 2. In our own attempts to 
understand the functional roles of this central 
neurotransmitter we have taken a tack different 
from the typical one of manipulating 5-HT and 
observing which processes are changed. We have 
studied the electrophysiological activity of brain 
5-HT neurons in cats exposed to a variety of 
behavioral, environmental and physiological con- 
ditions. Our results have led to a general hypothesis 
regarding the behavioral and physiological role of 
5-HT in the CNS that accounts for much of the 
diverse data in this field. 

It would appear that the primary function of 5-HT 
neurons is to facilitate motor output in both the 
tonic and repetitive modes. In an ancillary manner, 
the system acts to inhibit sensory information 
processing, and to coordinate autonomic and 
neuroendocrine function in relation to changing 
motor output. Under certain conditions, when the 
5-HT system is inactivated, these relationships are 
reversed: motor output is disfacilitated and sensory 
information processing is disinhibited. 

Distribution of 5-HT terminals 
Despite the broad axon-terminal domain of 5-HT 

neurons, a closer examination reveals a preferential 
targeting of motor areas in the CNS 2. For example, 
in the rat there is a very dense innervation of the 
ventral horn, the motor nucleus of the trigeminal 
(MoV), the facial motor nucleus (MoVll), the 
substantia nigra and the globus pallidus. Another 
interesting feature of the input to motor areas is its 
specificity. For example, in the ventral horn of the 
spinal cord, the 5-HT input preferentially innervates 
motoneurons projecting to axial rather than distal 
musculature 2. In the brainstern of a variety of 
species there is dense innervation of motoneurons 
projecting to the large muscles of the jaw, face and 
neck; by contrast, the more finely controlled extra- 
ocular muscles receive sparse 5-HT input a'3. 

If 5-HT neurons in the CNS projected exclusively 
to motor nuclei, this fact alone would constitute at 
first sight a strong case for the primacy of motor 
function for this system. However, there are a 
multitude of other projections - some quite dense - 

to non-motor targets such as the hippocampus, the 
dorsal horn and the dorsal column nuclei (DCN). 
Although our understanding of the CNS is not yet 
sufficiently complete to relate structure to function 
in most cases, we believe that this anatomical 
pattern is part of the larger picture that interrelates 
motor outflow to sensory information processing 
and to autonomic and neuroendocrine regulation. A 
few examples may help to clarify this point. It is 
known that 5-HT plays a very important role in the 
regulation of the theta rhythm in the hippocampus 
and that this rhythm is often related to different 
types of motor patterns 4's. Although the DCN are 
primary sensory nuclei, the dense 5-HT input to 
these sites in cats and monkeys selectively innerv- 
ates those portions of the nuclei involved in motor 
function (e.g. projections to the cerebellum, pre- 
tectum and the inferior olive) rather than those 
portions involved in fine sornatosensory discrimi- 
nation (i.e. projections to the ventral posterior 
lateral nucleus of the thalamus) 6. 

Finally, it is worth noting that the organization of 
5-HT cell bodies and axon terminals is a primitive 
one, found in essentially all vertebrate brains, and 
one that is conserved phylogenetically 7. (A wide 
diversity of invertebrate organisms also have 5-HT 
neurons distributed in various ganglia7.) 

5-HT and behavior 
One of the earliest findings regarding 5-HT 

and behavior came from studies employing its 
biosynthetic precursors L-5-hydroxytryptophan 
(5-HTP) or L-tryptophan. When these compounds 
are administered to any of a variety of mammals, a 
distinctive and highly reproducible motor syndrome 
is elicited 8. Its most conspicuous signs are tremor, 
rigidity, hincllimb abduction, Straub tail, head shakes 
or 'wet dog' shakes, lateral head weaving, and 
reciprocal treading of forepaws. (Similar effects are 

8 seen in infra-mammalian vertebrates and humans9.) 
The actions of 5-HT-replacing drugs have also 

been examined on more discrete aspects of be- 
havior, such as treadmill-induced locomotion in 
spinal cats 1°. The most prominent action of 5-HT 
here is to increase the flexor and extensor burst 
amplitude (a smaller increase is seen in burst 
duration) during locomotion. In paralysed rabbits, 
5-HTP can enhance or even evoke reciprocal flexor 
and extensor hindlimb nerve activity, with the 
dominant effect seen in the flexors 1~. We have 
examined the effects of injecting 5-HT directly into 
MoV in awake cats, and also observed increases in 
the amplitude of both the tonic electromyogram 
(EMG) of the masseter muscle and of an externally 
elicited jaw-closure (masseteric) reflex ~2. 

The variety of species in which similar motor 
effects are seen supports the position that the 5-HT 
system subserves a common functional role across 
the vertebrates 8. 
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Effects on target cells 
The effects of 5-HT on motoneurons have been 

examined in the rat spinal cord and brainstem ~3'~4. 
By itself, 5-HT produces little or no change in 
neuronal activity. However, when 5-HT is combined 
with either direct application of excitatory amino 
acids (e.g. glutamate) or with electrical stimulation 
of dorsal roots or motor cortex, it produces a strong 
facilitation of neuronal activity. This effect has been 
characterized as being bistable, consisting of a 5-HT 
induced shift from a stable hyperpolarized state, 
with little or no neuronal activity, to a new stable 
depolarized 'plateau' state, with tonic neuronal 
activity ~ ~. 

Similar analyses have also been carried out in a 
more complex situation, where cortical stimulation is 
used to elicit rhythmic masticatory-like activity in 
anesthetized guinea pigs 16. The activity of digastric 
(jaw opener) motoneurons is directly facilitated by 
the iontophoretic application of 5-HT, but, as 
above, only in the presence of glutamate or electri- 
cal excitation of these neurons. Additionally, ionto- 
phoretic application of 5-HT can facilitate and bring 
to threshold rhythmic digastric motoneuronal dis- 
charges during subthreshold repetitive cortical 
stimulation. A similar picture is seen when the 
influence of 5-HT on the neuronal mechanisms 
mediating fictive locomotion (swimming) is examined 
in the isolated spinal cord of the lamprey ~7. When 
applied to the spinal cord or to reticulospinal 
neurons, 5-HT elicits a depression of the after- 
hyperpolarization (AHP) that normally follows the 
action potential. Since the AHP is the primary factor 
determining frequency regulation, the depression 
produces an increase in motoneuron discharge. 
Finally, 5-HT also modulates the intersegmental 
phase delay in the lamprey spinal cord ~8'~9. 

Basic properties of 5-HT neurons 
Over the past 20 years much of the basic 

neurophysiology of 5-HT neurons in the various 
raph8 nuclei-  dorsalis (DRN), medianus (MRN), 
magnus (NRM) and pallidus (NRPa) (Fig. 1) - has 
been worked out 2°. The neurons are autoactive, 
discharging in a stereotyped, almost clock-like 
manner, with an intrinsic frequency of 1-5 spikes 
per s (Fig. 2A). The membrane properties that 
accompany this slow regular activity have been 
described, as have the ionic currents and channels 
mediating it. 

One of the first important discoveries about these 
neurons was that this basic pattern of activity was 
dramatically altered during the sleep-wake-arousal 
cycle 21'22 (Fig. 2B). From a slow and regular 
discharge pattern of, for example, 3 spikes per s 
during quiet waking, activity slows and becomes less 
regular during slow wave sleep. For the duration of 
rapid eye movement (REM) sleep, 5-HT neuronal 
activity fails silent, but in anticipation of awakening, 
neuronal activity returns to its basal level, or above, 
several seconds prior to the end of the REM sleep 
epoch. During an aroused or active waking state, 
the discharge rate may increase to 4 or 5 spikes per 
second. 
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Fig. 1. Localization of cell bodies of 5-HT-containing neurons in the brainstem 
of the adult cat. Each dot represents a single 5-HT neuron, as identified 
histologically through 5-HT immunoreactivity. The figure shows a mid-sagittal 
section with the 5-HT neurons lying off the midline and collapsed onto this 
plane. It is important to note that all of the 5-HT perikarya in the cat CNS are 
localized within the brainstem. This is generally consistent with the hypothesis 
that these neurons mediate basic physiological and behavioral processes. The 
cerebellum is at the upper left. Tick marks on the horizontal fine at the bottom 
represent 1 mm demarcations in stereotaxic coordinates. Abbreviations: AP O, 
stereotaxic zero; AQ, cerebral aqueduct; Bg, a distinct grouping of 5-HT 
neurons; CLN, central linear nucleus; DRN, dorsal raphO nucleus; MRN, 
median raphO nucleus; NR/Vl, nucleus raph~ magnus; NRO, nucleus raph# 
obscurus; NRPa, nucleus raph# pallidus. (Taken from Ref. 49.) 

Response of 5-HT neurons to various stimuli 
In a series of studies we attempted to determine 

whether 5-HT neuronal activity was directly related 
to the physiological (e.g. thermoregulation) or 
behavioral (e.g. aggression) processes in which it 
had been implicated. Accordingly, while recording 
the activity of 5-HT neurons in the DRN, MRN or 
NRM cats were exposed to the following conditions: 
a heated environment or a pyrogen23; drug-induced 
increases or decreases in blood pressure24; insulin- 
induced glucoprivation25; phasic or tonic painful 
stimuli26; systemic injections of morphine26; 100 dB 
white noise27; physical restraint27; or a natural 
enemy (dog) 27. 

Despite the fact that most of these stimuli 
produced strong behavioral responses and physio- 
logical changes indicative of sympathetic activation 
(increased heart rate and blood pressure, and 
increased levels of plasma catecholarnines), none of 
them significantly activated 5-HT neuronal dis- 
charge above that level seen during an undisturbed 
waking state. 

5-HT neuronal activity and motor function 
One of the most impressive features of REM sleep 

is a paralysis mediated by inhibition of motoneurons 
controlling antigravity muscle tone. Since the ac- 
tivity of 5-HT neurons is also suppressed during 
REM sleep, it was speculated that there might be 
a relationship between these two phenomena. 
Lesions of the dorsomedial pons produce a 
condition that permits examination of this issue. 
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Fig. 2. Activity of  a 5-HT-containing neuron from the dorsal raph6 nudeus recorded in a freely 
moving cat. (A) An oscilloscope photograph (top) and a computer-generated interspike interval 
histogram (bottom), both of which display the near clock-like regularity of discharge of this cell in 
the awake cat. (B) Polygraph records of  the activity of  a typical 5-HT-containing neuron in this 
nucleus during the sleep-wake cycle. Abbreviation: REM, rapid eye movement. 

Cats with this lesion enter a stage of sleep that by all 
criteria appears to be REM sleep except that 
antigravity muscle tone is present and the animals 
are thus capable of movement and even co- 
ordinated locomotion 28 (Fig. 3A). 

During both waking and slow-wave sleep, the 
activity of 5-HT-containing neurons in the DRN in 
these pontine-lesioned cats was similar to that of 
normal animals 2s. However, when these animals 
entered REM sleep, neuronal activity increased (Fig. 
3B). However, those animals displaying the greatest 
amount of overt behavior and locomotion during 
REM sleep showed the highest levels of neuronal 
activity, with some of their 5-HT neurons discharg- 
ing at a level approximating that of waking. 

If the cholinomimetic agent 
carbachol is microinjected into 
this same pontine area, a con- 
dition somewhat reciprocal to 
tonic REM sleep can be produced. 
These animals were awake, as 
demonstrated by their ability to 
track stimuli visually, but were 
otherwise paralysed. However, 
their DRN 5-HT neurons were 
inactive 3°. 

These data suggest that a strong 
relationship exists between tonic 
motor activity and 5-HT neuronal 
discharge. More recently, a re- 
lationship has been observed be- 
tween 5-HT neuronal activity and 
another type of motor output. 
When cats engage in a variety of 
types of oral-buccal activities 
mediated by central pattern 
generators (CPGs), such as 
chewing and biting, licking or 
grooming with the tongue, 
approximately a quarter of the 

5-HT neurons in the DRN and MRN increase their 
activity by as much as 2-5 times that observed 
during quiet waking 2°'31 (Figs 4A, B). (The remain- 
ing 5-HT neurons simply maintain their state- or 
tonic motor-related clock-like activity.) 

The increased neuronal activity often precedes 
the onset of the movement by several seconds, but 
terminates with the offset of the behavior. It is also 
occasionally phase-locked to the repetitive re- 
sponses. Some of these neurons are also activated 
by somatosensory and proprioceptive stimulation of 
the head and neck area. During a variety of other 
purposive episodic or phasic movements, even those 
involving the oral-buccal area, no increase in 
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Fig. 3. Activity of  a 5-HT-containing neuron of the dorsal raph6 nucleus during an epoch of rapid 
eye movement (REM) sleep without atonia. The cat raised its head and righted itself during REM 
sleep. It managed to stand and began to walk. It then began to paw the air. The traces are those of  
a 5-HT-containing neuron showing minimal activity at the end of slow-wave sleep (as indicated by 
high-voltage, slow-wave activity in the cortical EEG) and then a virtually complete suppression at 
the onset of REM sleep. However, with the return of  muscle tonus (increased activity in the EMG 
trace), there is a dramatic increase in unit activity, especially in association with the EMG increases. 
Abbreviations: EEG, cortical electroencephalogram; EMG, nuchal electromyogram; EOG, electro- 
oculogram, single unit traces, unpublished observations, B. L. Jacobs, C. W. Metzler, L. E. Ribeiro- 
do-Valle and C. A. Fomal. 

activity is observed - i n  fact, 
a slight decrease is often seen. 
Under some conditions a 
dramatic decrease in neuronal 
activity is observed. For example, 
if an arousing stimulus such as a 
loud click elicits an orienting 
response (indicated by sup- 
pression of overt behavior and 
phasic eye movement towards 
the source of the sound), 5-HT 
neuronal activity in the DRN or 
MRN may fall silent for several 
seconds 32 (Fig. 4C). 

A somewhat complementary 
picture emerges when an exam- 
ination is made of the activity of 
NRPa 5-HT neurons, the primary 
source of 5-HT to ventral horn 
motoneurons. These 5-HT neur- 
ons are activated (to a level 2-3- 
fold times that observed during 
undisturbed waking) in associ- 
ation with repetitive types of be- 
havior mediated by spinal cord 
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CPGs, such as treadmill locomotion or hyperpnea 
(induced by exposure to CO2) 33 (Fig. 5). In some 
cases there is a strong positive correlation between 
neuronal activity and speed of locomotion or rate or 
depth of respiration. Neuronal activity may also 
increase in association with tonic motor changes 
such as postural shifts. As with DRN neurons, the 
activity of NRPa 5-HT neurons is occasionally phase- 
locked to the repetitive responses (Fig. 5). During 
the above-mentioned oral-buccal-mediated types 
of behavior or during other episodic or phasic 
movements, NRPa 5-HT neurons display little or no 
increase in activity. 

These cellular data from behaving animals have 
led us to the following conclusions. There is a 
general relationship between tonic motor activity 
and 5-HT neuronal activity. Superimposed upon 
this, in some neurons, is an additional relationship in 
which a further neuronal activation is seen in 
association with repetitive CPG-mediated types of 
behavior. Reciprocally, during the active inhibition 
of behavior (e.g. during orientation) 5-HT neuronal 
activity is suppressed. It is also hypothesized that the 
processing of sensory information is inhibited during 
tonic and repetitive motor activity and disinhibited 
during the suppression of motor outflow. 

Relationship between motor and sensory processes 
There is abundant evidence, in both animals and 

humans, that sensory transmission is suppressed 
during gross bodily movements 34'35. For example, 
just prior to and during arm movements in the 
monkey, somatosensory evoked potentials elicited 
by an irrelevant peripheral stimulu_~ are depressed by 
as much as 60-70% at the lemniscal, thalamic and 
cortical levels 35. A similar mechanism of depressed 
potentials may explain the well-established in- 
volvement of 5-HT in analgesia. As noted above, 5- 
HT neurons in the NRM are neither activated by a 
variety ofpainful stimuli nor by an analgesic dose of 

26 36 morphine ' . It seems that, under physiological 
conditions, the suppression of nociception by 5-HT 
at both forebrain and spinal levels occurs as a 
concomitant result of tonic or repetitive motor 
outflow. Reciprocally, sensory transmission is en- 
hanced during periods when the activity of 5-HT 
neurons is suppressed, for example, during orien- 
tation. It is well-known that ponto-geniculate- 
occipital cortex (PGO) waves are inhibited by a tonic 
release of 5-HT 37, and that these potentials can be 
evoked by exposing the behaving animal to strong 
phasic stimuli 38. Additionally, under pharmaco- 
logical conditions, when 5-HT neurotransmission is 
compromised, this disinhibition of sensory process- 
ing is manifested as increased responsiveness or 
enhanced excitability or sensitivity in a variety of 
paradigms, including nociception 39,4°. 

In a similar manner, it is hypothesized that 5-HT 
neurons facilitate the well-known sympathetic ac- 
tivation that accompanies, and even anticipates, 
motor activity 4~. (For a recent review of the 
sympathoexcitatory effects of 5-HT in the inter- 
mediolateral column of the spinal cord, see Ref. 42.) 
In this context, it should be recalled - as described 
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Fig. 4, Polygraph records from a cat displaying the activity 
of a 5-HT-containing neuron from the dorsal raph~ 
nucleus during different types of behavior. (A) The distinc- 
tive slow and regular activity of S-HT-containing neurons 
typically observed during quiet waking. (B) Strong acti- 
vation (2-5 times greater than during quiet waking) of 
neuronal activity during oral-buccal-related grooming of 
the body. Note that in the several instances when there is 
a pause in grooming, as reflected in the change in the 
EMG trace, neuronal activity dramatically slows. (C) 
Neuronal activity may fall silent when the animal is 
exposed to a strong stimulus that causes an orienting 
response. In this case, the door to the room housing the 
recording chamber was opened and then closed approxi- 
mately 25s later. Note the phasic eye movement and 
increased EMG activity coincident with the initial orien- 
tation. Abbreviations: EEG, cortical electroencephalogram; 
EMG, nuchal electromyogram; EOG, electroculogram. 
[Part (C) taken from Ref. 24.] 
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alters its somewhat regular firing pattern to become 
phase-locked to oral-buccal movements during 
feeding 45. (3) In several molluscs, arthropods and 
annelids, 5-HT modulates rather than mediates 
motor outflow - often by acting on CPG 46. The 
involvement in motor control appears to be with 
both tonic (e.g. posture) 43 and repetitive (e.g. 
swimming or biting) outputs 46'4z. (4) In Aplysia and 
leeches, 5-HT exerts its effects on behavior at 
multiple levels (e.g. directly on muscles, on CPGs 
and on the cardiovascular system) 4s'48. 

Concluding remarks 
During an undisturbed waking state, brain 5-HT 

neurons discharge with a slow and regular firing that 
is a manifestation of their intrinsic activity. This 
regular firing during waking creates a steady syn- 
aptic release of 5-HT, which provides a tonic 
influence that modulates motor-system neuronal 
activity. 

Tonic/Rhythmic 
motor 

instructions 

Excit. 
Inhib. 
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Fig. 5. Polygraph records from a cat displaying 5-HT neuronal activity in the 
nucleus raph~ pallidus during different types of behavior. (A) Neuronal activity 
during undisturbed waking with a few small movements, as reflected in the 
electroculogram (EOG) and nuchal electromyogram (EMG) traces. (B) Activity 
of the same cell during locomotion on a treadmill (at a speed of approximately 
O. 6ms-l). The overall level of neuronal activity increased during locomotion by 
approximately twice as much compared with neuronal activity, during 
undisturbed waking. Also, the pattern of neuronal activity changed from a 
clock-fike one to one associated with the phase of the gait (each complete 
stepping cycle is indicated by the thick black lines below the unit trace). 
Abbreviation: EEG, cortical electroencephalogram. 

above - that 5-HT neuronal activation often pre- 
cedes increases in motor activity or muscle tone. 

5-HT in invertebrates 
Studies of 5-HT function in invertebrates provide 

striking parallels to many aspects of the data from 
vertebrates described in this review. This is im- 
pressive, in view of the enormous differences in their 
gross bodily morphology, ecological niche (terres- 
trial rather than aquatic for the invertebrates in 
these studies) and general organizational pattern of 
their nervous systems (a brain rather than nervous 
ganglia). Several examples will help to make this 
point. (1) Direct injection of 5-HT into the systemic 
circulation of several arthropods results in a general 
motoric change that may be described as overall 
flexion 43'44. (2) When they have been examined 
(e.g. in lobsters) 5-HT neurons are found to be 
endogenously active44; in both lobsters and Aplysia 
5-HT neurons discharge with a slow and regular 
pattern (0.5-1.0 Hz) that can increase to 2-5 Hz 
during feeding or with postural changes 44'45. 
Furthermore, in Aplysia the 5-HT metacerebral cell 

Sensory ] 

Afferents I 

Striated 
muscles 

--Autonomic 
function 1 

Fig. 6. The major components of the motor hypothesis of 
5-HT function. When voluntary tonic or rhythmic motor 
outflow is initiated, forebrain motor commands are 
simultaneously sent to ~ motoneurons (MN) brainstem or 
spinal cord central pattern generators, and to brain-stem 
5-HT neurons. The output of S-HT neurons serves several 
functions simultaneously; facilitates central pattern gener- 
ator and o~ motoneuron activity; orchestrates autonomic 
and neuroendocrine (not shown) output with motor 
outflow; and inhibits sensory information processing. 5- 
HT neurons are shown to be driven by an endogenous 
oscillator (sine wave with arrow) and to be phasically 
activated by various afferents. Not shown is the possibility 
that different groups of 5-HT neurons may facifitate 
different motor functions; for example, neurons in the 
nucleus raph@ pallidus affecting respiration or neurons in 
the dorsal raphd nucleus affecting oral-buccal move- 
ments. 
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During gross repetitive types of motor behavior 
that are mediated by brainstem and spinal cord 
CPGs, subpopulations of 5-HT neurons are co- 
activated, attaining discharge levels several times 
greater than that observed during undisturbed 
waking. This activation, seen in association with, for 
example, chewing, grooming or running, is some- 
times phase-locked to the cyclic motor output. It is 
also interesting to note that the distribution of 5-HT 
axon terminals in the spinal cord and brainstem 
is consistent with the involvement of 5-HT in 
patterned movement employing gross skeletal 
muscles rather than those movements using finer or 
more discrete muscles (Fig. 6). Thus, in the spinal 
cord there is a denser input to the medial portion of 
the ventral horn, where axial motoneurons serving 
the trunk and limbs are found, compared with the 
lateral portions, where distal motoneurons serving 
paws and digits are found. Similarly, in the brain- 
stem, there is a much denser 5-HT input to MoV 
and MoVll, controlling jaw and facial muscles, 
respectively, compared with the nuclei controlling 
fine eye movements. 

Several important functions may be served by 
these 5-HT inputs. They may smooth motor out- 
puts, and also obviate the need for continuous 
repetitive excitatory inputs to maintain a continuous 
output in motor systems. By augmenting weak or 
polysynaptic inputs, 5-HT may also bring moto- 
neurons to threshold. The anticipation of motor 
activity by 5-HT neurons suggests that they may 
serve a priming function for motor output. 5-HT 
may also serve a timing or integrative function, such 
as that observed in the intersegmental delay in the 
spinal cord of the lamprey. The simultaneous 
inhibition of 'irrelevant' sensory information pro- 
cessing acts to suppress inputs that might disrupt 
motor output (Fig. 6). Conversely, when phasic 
5-HT neuronal activity is decreased (e.g. during 
orientation) it serves to sharpen sensory function 
while disfacilitating motor output and thereby pre- 
venting it from disrupting sensory processing. 
Finally, the involvement of 5-HT in autonomic and 
neuroendocrine regulation serves a support function 
for motor output, such as increased blood flow to 
skeletal muscles, or increased carbohydrate con- 
sumption for maintaining a stable glucose supply to 
the brain. 

The apparent commonality of these results 
broadly across the animal kingdom is striking. 
Unfortunately, sufficiently detailed data are not 
available to establish whether there are phylo- 
genetic trends in this relationship. It is suggested 
tentatively that 5-HT serves an integrative over- 
arching function, rather than being discretely and 
separately involved in the great diversity of be- 
havioral and physiological processes in which it has 
been implicated. 
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l e t t e r  t o  t h e  e d i t o r  
Aged dogs, space (and 
scissors) 
It has been pointed out (Terry, R., 
pers. commun.) that my review 1 
on neuron atrophy during aging 
contains an error and several 
omissions of primary references. 

In Table I on age-related 
changes in the brains of various 
species, I indicated wrongly that 
the aged dog lacks senile plaques 
with I~A4 amyloid. There is agree- 
ment that senile plaques are in- 
frequently stained in aging dogs 
by Bielschowsky's stain, a stan- 
dard stain for senile plaques in 
humans 2'3. However, immuno- 

cytochemistry using monoclonal 
antibodies to 13A4 epitopes has 
shown that l~A4-containing 
plaques are ubiquitous in dogs 
aged 220 months or older ~. 

Incomplete referencing in Table 
I and the use of secondary sources 
in preference to large numbers of 
primary papers were a conse- 
quence of editorial 'scissors' that 
limited the number of references. 
With this policy, TINS keeps good 
company with increasing numbers 
of publications. Such parsimony 
spares space that may allow more 
individual articles to be published. 
However it also inhibits the 

emergence of subjects like that of 
my article, in which insights come 
from scattered articles that may 
not be cited widely or reviewed 
often. 

Caleb E. Finch 
University of Southern California, Los Angeles, 
CA 90089.0191, USA. 
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100th Issue 

SUBSCRIBE TO 
PARASITOLOGY TODAY 
IN OCTOBER AND GET 

20% OFF 

Parasitology Today, a sister journal of 
TINS, is celebrating its 100th issue in 
October by offer ing a 20% discount on 
the 1993 subscription price. 

Subscribe to Parasitology Today during 
the month of October, using the order 
form in that issue, and you will receive 
12 monthly issues for only £52/$78.  

All orders must be postmarked no later 
than 31 October 1993. 

TINS Editorial Policy 

Trends in Neurosciences is the leading neuro- 
science review journal, publishing timely and 
wide-ranging feature articles enabling neuro- 
scientists to keep up to date in and around 
their own fields. 

Reviews form the foundations of each issue 
and offer concise and authoritative sum- 
maries of important areas of neuroscientific 
research; Research News describe recent 
developments within a particular field; 
Perspectives discuss areas of historical, social 
and more oblique interest - offering interest- 
ing insights into current research; Viewpoints 
include more controversial or synthetic ideas. 
The new Debate section offers a series of 
alternative viewpoints on a currently hotly 
debated topic. Perspectives on Disease 
discuss how basic neurobiological research 
can be applied to neurological disease; 
Techniques offers a guide to new methods 
and their use. 

Articles in TINS are usually commissioned by 
the Editor, in consultation with the Editorial 
Board. All are subject to peer and editorial 
review - commissioning does not guarantee 
publication. 
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