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was punctuated by bouts of grooming. Fre- 
quency and duration of grooming tended 
to increase during a session as total intake 
increased. Sessions were terminated after 
an extended bout of grooming, or active re- 
jection of the milk tube, or, by the experi- 
menter, when a pause occurred after the 
animal had ingested 15 ml of milk. 

All pinched animals became hyper- 
phagic and obese. Although there were no 
differences in caloric intake between exper- 
imental and control groups before the pro- 
cedure was begun (Table 1), during the ex- 
perimental period all pinched groups com- 
bined showed a mean intake of 181 kcal in 
24 hours in contrast to 71 kcal in 24 hours 
for the control groups. 

As a consequence of this extreme hyper- 
phagia, weight increased markedly and 
rapidly (Fig. 1). Mean daily weight gain 
during the experimental period for all ex- 
perimental animals combined was 14.0 g 
(range, 7.8 to 22.5 g). This amounted to a 
mean gain of 71 g for the entire pinch peri- 
od (range, 39 to 90 g) (11). These data 
stand in stark contrast to the 17 g (mean) 
gained by control animals during the same 
period (range, 4 to 34 g). 

Toward the latter part of the experimen- 
tal period, when obesity was clearly evi- 
dent, pinched animals tended to become 
satiated earlier in a given session and were 
inclined to become agitated and to spill 
milk when the pinching persisted. In- 
gestion of milk in the home cage and body 
weight were monitored after cessation of 
the experimental treatment. The home 
cage intake, which had fallen to zero very 
early in the pinch phase, recovered within 2 
to 3 days, and weight gradually fell to con- 
trol levels. These results are in complete 
accord with those reported on obesity in- 
duced by electrical stimulation of the later- 
al hypothalamus (LH) (12) and suggest 
that tail pinch, like LH stimulation, does 
not abolish the ability to regulate weight 
but only temporarily overrides it. 

Our results, demonstrate for the first 
time that a chronic nonspecific stress is ca- 
pable of inducing and sustaining clear-cut 
hyperphagia and weight gain in the rat. 
Moreover, the daily weight gain observed 
following the stress is at least comparable 
to that typically reported with either LH 
stimulation (12) or lesions in the region of 
the ventromedial nucleus of the hypothal- 
amus (VMH) (13). The VMH syndrome 
has, to date, been considered the classical 
animal model of experimentally induced 
hyperphagia and obesity (13). However, 
since this syndrome results from deliberate 
brain damage (1) its usefulness as a model 
for human hyperphagia and obesity seems 
rather limited. Moreover, there is no evi- 
dence that hyperphagia which accom- 
panies VMH lesions is stress-related, and 
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metabolic interpretations are currently fa- 
vored (13). Considering the striking paral- 
lels which appear to exist between stressed 
rats and obese humans, we feel that stress- 
induced overeating might be a more realis- 
tic model system for the study of some 
kinds of nongenetic obesity in humans. 

In conclusion, it should be mentioned 
that the nigrostriatal dopamine system ap- 
pears essential for the manifestation of be- 
havior stimulated by tail pinch (5). We 
have recently proposed that this system is 
indirectly activated during tail pinch, and 
that this activation results in an enhanced 
awareness of, and responsiveness to, envi- 
ronmental stimuli, with consequent induc- 
tion of appropriate goal-directed behaviors 
(5). Chronic activation of this system could 
underlie stress-related hyperphagia in hu- 
mans. To the extent that this formulation 
is correct, it may have important implica- 
tions for the understanding and possible 
treatment of human eating disorders. 
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Abstract. Intracellular injection and subsequent histochemical localization of horse- 
radish peroxidase have been used to stain the soma, dendrites, axons, and axon collaterals 
of spinocervical tract neurons and unidentified dorsal horn neurons in the cat. This tech- 
nique may be used in combination with the intracellular injection of Procion yellow to 
demonstrate by light microscopy connections between physiologically typed vertebrate 
neurons. 
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Fig. 1. Spinocervical neurons stained with horseradish peroxidase. (A and B) Adjacent 30- um trans- 
verse sections through a spinocervical tract neuron (375 na/min). Before penetration, this neuron 
was excited by all hair types and by skin pressure on the lateral surface of the foot. Staining of fine 
dendrites is indicated by arrows, and the presence of axon collaterals is indicated by asterisks within 
the dendritic field of the neuron. (C) Axon of a spinocervical tract neuron running through the dorso- 
lateral funiculus and dropping off a collateral 3.1 mm from the cell body. This plate is a montage 
built from ten adjacent, 30- Am sagittal sections. (D) Several fine dorsally directed collateral 
branches which could be traced back to the collateral shown in (C). These endings were situated in 
the gray matter 1.3 mm ventral to the parent axon. (E) A collateral from a spinocervical tract neuron 
ending on, or very close to, dorsal horn neuron injected with Procion yellow, as photographed with 
ordinary illumination. (F) The same neurons as in (E) but as photographed with fluorescent illumina- 
tion. Dark bodies not associated with nervous elements are blood corpuscles stained by the incu- 
bation medium. 
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nor cobaltous chloride is ideal for studying 
the connections between vertebrate neu- 
rons. Their major disadvantage is that 
their rate of movement along axons ap- 
pears to be positively related to the diame- 
ter of the processes (2). Although Procion 
yellow stains somata and dendrites, it 
has severe limitations for staining verte- 
brate axons and particularly axon collater- 
als (3, 4). 

To overcome the above difficulties we 
developed a technique in which we use or- 
thograde axonal transport (5) followed by 
histochemical localization of intracellu- 
larly injected horseradish peroxidase 
(HRP). An advantage of using axonal 
transport is that there is evidence to sug- 
gest that substances are transported along 
axons at rates independent of the axonal 
diameter (6). 

Experiments were performed on chlora- 
lose anesthetized cats (70 mg per kilogram 
of body weight) that were immobilized 
with gallamine triethiodide and given 
artificial respiration. Spinocervical tract 
neurons, or other dorsal horn neurons 
which received cutaneous inputs (7), were 
impaled with broken glass microelectrodes 
(4) that had been filled under pressure 
with 4 percent HRP (type VI, Sigma) in 
0.05M tris-HCI buffer which contained 0.2 
mole of KCI per liter (pH = 8.6). Success- 
ful penetrations were made with elec- 
trodes having a resistance of 5 to 20 meg- 
ohm, which proved very stable for the 

passage of both depolarizing and hyper- 
polarizing currents. Horseradish peroxi- 
dase was passed from the microelectrodes 
by applying a depolarizing current of 20 
to 40 na for 450 msec, every 600 msec. 
Neurons that received from 170 to 750 

na/min were successfully filled with HRP. 
After the injection the animals survived 
for 4 to 9 hours. 

Generally the soma-dendritic spike of 
impaled neurons decayed within the first 
minute after penetration. The presence of 

postsynaptic potentials from natural stim- 
ulation or electrical stimulation of cuta- 
neous nerves or of the dorsal columns was 
used as an indication that the electrode 
was inside a cell. Postsynaptic potentials 
were usually negative during depolarizing 
pulses but positive during hyperpolarizing 
pulses. Furthermore, during hyperpolar- 
izing pulses, spinocervical tract neurons 
showed an axon spike upon stimulation of 
the ipsilateral dorsolateral funiculus at the 
third cervical segment (7). 

After several neurons were injected, the 
cats were perfused first with saline and 
then by 10 percent buffered formalin (pH 
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