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ARAVICH, P. F., A. SCLAFANI AND S. F. LEIBOWITZ. Effects of hypothalamic knife cuts on feeding induced by
paraventricular norepinephrine injections. PHARMAC. BIOCHEM. BEHAV. 16(1) 101-111, 1982.—The relationship
between the fiber systems involved in the hypothalamic noradrenergic feeding response and the medial hypothalamic (MH)
hyperphagia syndrome was appraised in male rats using knife cuts. Parasagittal knife cuts in the perifornical
hypothalamus produced hyperphagia and excessive weight gain but failed to disrupt feeding in response to paraventricular
hypothalamic injections of norepinephrine (NE). Coronal knife cuts in the posterior hypothalamus which extended from the
midline to the lateral perifornical region also failed to disrupt NE feeding. These findings indicate that the output of the
noradrenergic feeding system does not foliow the feeding pathway implicated in the MH hyperphagia syndrome. They also
suggest that the output of the noradrenergic feeding system is not directed laterally beyond the level of the fornix nor
caudally into the lower brainstem over the medial forebrain bundle.
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IT is well known that microinjection of norepinephrine (NE)
into the hypothalamus produces feeding in sated rats (8, 24,
73]. This effect is due to the activation of alpha-adrenergic
receptors [9, 25, 38, 39, 67] and is most readily obtained from
noradrenergic stimulation of the paraventricular hypotha-
lamic nuclei (PVN) [40,46]. It is also well established that
medial hypothalamic (MH) damage produced by lesions [2,
11, 33] or knife cuts [1, 21, 26, 59, 63] results in hyperphagia
and obesity in rats and other animals.

Though there are exceptions (see Discussion), several
lines of evidence suggest that NE-induced eating and the
hyperphagia produced by MH damage may be mediated by a
common feeding system. For example, both NE feeding
[10,65] and hypothalamic hyperphagia [20,64] are blocked by
quinine adulteration of the diet and are associated with de-
creased performance on appetitively reinforced operant
tasks [15,72]. Furthermore, NE microinjections and MH
damage, unlike food deprivation, do not produce food hoard-
ing [7,31]. Finally, both NE-feeding and MH hyperphagia are
accompanied by enhanced insulin secretion [45,68], and are
blocked by subdiaphragmatic vagotomy [55,58]. Because of
these functional similarities, several authors have hypoth-

esized that hypothalamic NE injections and MH damage in-
duce feeding by way of a common feeding system [7, 15, 38,
48].

According to this hypothesis, the NE feeding response
results from inhibition of the ventromedial hypothalamus
(VMH). It is predicted, therefore, that destruction of the
VMH should remove the substrate upon which NE acts and,
hence, block the NE feeding response. In a test of this pre-
diction [32], it was found that hyperphagia-inducing lesions
of the posterior VMH, did indeed block the NE feeding re-
sponse. However, other hyperphagia-producing lesions lo-
cated in the more anterior VMH did not block NE eating.
Furthermore, lesions which produced the greatest hyper-
phagia, and therefore most effectively damaged the MH
feeding system, ‘‘were not necessarily the most effective in
blocking the action of NE** ([32] p. 1032).

The relationship between the NE feeding response and
the MH syndrome thus remains uncertain. Moreover, the
emphasis on the VMH as the critical site involved in hypo-
thalamic hyperphagia is no longer warranted [22] since re-
cent data implicate more anterior hypothalamic areas [62],
particularly the PVN [23], as being involved in the hyper-
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phagia syndrome. It is possible, therefore, that NE injections
and MH damage increase food intake by disrupting a com-
mon feeding inhibitory system originating in the area of the
PVN. Consistent with this view are the findings that micro-
iontophoretic application of NE inhibits the activity of
some PVN neurons [49] and that PVN lesions produce
hyperphagia [3, 19, 43] as well as block the feeding response
induced by intraventricular injections of NE [44].

The present study further assessed the relationship be-
tween NE-induced feeding and MH hyperphagia. If NE in-
jections elicit food intake by inhibiting the neural system
whose destruction is responsible for MH hyperphagia, then
hypothalamic knife cuts of this system should block NE
feeding.

EXPERIMENT 1

The results of a number of knife cut studies indicate that
MH hyperphagia results from damage to a longitudinally-
oriented fiber pathway which interconnects the anteriomedial
hypothalamus with the more caudal brainstem [23, 26, 27,
28, 50, 62]. At the level of the PVN this pathway courses
laterally into the perifornical region; it then turns caudally in
the perifornical area or the most medial portion of the medial
forebrain bundle (MFB) to project to the lower brainstem.
While it is not clear if this is an ascending or descending fiber
system, the position of this pathway overlaps with many of
the known efferents of the PVN [5, 14, 57, 69, 71]. In particu-
lar, hyperphagia is produced by parasagittal knife cuts in the
anterior perifornical hypothalamus which presumably sever
a portion of the lateral output of the PVN [1, 21, 63] and by
coronal knife cuts in the posterior hypothalamus which are in
a position to sever many of the descending efferents of the
PVN [28,62]. If the output of the NE feeding system is iden-
tical to that of the MH feeding system, then these parasagit-
tal and coronal knife cuts should disrupt the feeding response
to PVN injections of NE. The following experiment tested
this prediction.

METHOD
Subjects

The subjects in this and all subsequent experiments were
adult male Sprague-Dawley rats (Charles River Breeding
Labs., CD strain) weighing between 400 and 600 g. The
animals were individually housed in wire mesh cages and
kept in a temperature controlled colony with a 12:12 hr
light-dark cycle. Six rats with parasagittal knife cuts and five
rats with sham parasagittal cuts successfully completed all
testing and were included in Part 1; eight rats with posterior
hypothalamic coronal knife cuts and five rats with sham
posterior cuts survived all testing and were included in Part
2. A chow diet (Purina Rodent Laboratory Chow, #5001)
and water were freely available throughout all phases of the
experiment.

Surgery

For the surgeries in this and subsequent experiments the
animals were anesthetized with Equi-Thesin (3.0 cc/kg, IP)
and mounted in a Kopf stereotaxic instrument with the in-
cisor bar at 3.0 mm above the ear bars. All rats were im-
planted with a unilateral drug cannula (23 gauge stainless
steel; 1.6 cm long) aimed at the PVN (0.5 mm posterior to
bregma; 0.4 mm lateral to the superior sagittal sinus; and 7.8
mm beneath the surface of the skull). Four screws (0-80x1/16)
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and dental cement secured the implant to the skull. When
not in use, the cannulae were kept patent with flush-fitting
inner stainless steel pins. In Experiment 1, the animals were
also implanted with bilateral 18 gauge cannulae to be used for
later knife cut surgery. The cannulae for the parasagittal cuts
were positioned 1.0 mm anterior to bregma, 1.0 mm lateral to
the sagittal sinus, and 1.8 mm beneath the surface of the
skull; for the coronal cuts they were positioned 2.5 mm
posterior to bregma, 2.0 mm lateral to the midline, and .8
mm beneath the surface of the skull. A postoperative re-
covery period of at least one week preceded drug testing.

In a second surgery, the animals were given either bilat-
eral knife cuts or sham cuts according to the procedure of
Sclafani [59]. In Part 1, parasagittal knife cuts lateral to the
PVN were made by inserting the knife shaft through the
chronic guide cannulae (1.0 mm anterior to bregma; *+1.0
mm lateral to the midline). At a depth of 0.0 mm (ear bar
reference), the cutting wire was extended 3.0 mm posteriorly
and the knife was lowered to the base of the brain. Each cut
was designed to extend from the anterior hypothalamus (ros-
tral to the PVN) to the area just caudal to the ventromedial
hypothamic nucleus. In Part 2, bilateral coronal knife cuts
were made in the posterior hypothalamus using a spring-
loaded knife carrier [29]. The cuts were designed to extend
from the base of the hypothalamus dorsally 3.0 mm and from
the lateral perifornical area (L+2.0 mm) to the midline.
Sham lateral or posterior knife cuts were performed in a
fashion identical to actual knife cuts except that the cutting
wire was not extended into the brain and the knife shaft was
not lowered to the floor of the cranium,

Behavioral Test Procedure

Hypothalamic microinjections were made through the
chronically implanted drug cannula using a 30 gauge stainless
steel injector cannula (1.6 cm long) connected to a microliter
syringe (Hamilton Co., Reno, NV) via polyethylene tubing.
The NE (I-norepinephrine bitartrate, Sigma Chemical Co.,
St. Louis, MO) or its vehicle (isotonic saline) was injected in
0.5 ul volumes. The microsyringe was fitted with a repeating
dispenser (Hamilton Co.) to insure accurate volumetric de-
livery.

Feeding responsiveness to NE was appraised in the fol-
lowing fashion. During a one hour preinjection period, the
animals were given fresh food and were frequently aroused
in order to promote feeding and insure satiety at the time of
testing. The subjects were then injected with 0.5 wl of saline
and their food intake was measured after 1 hr. In Part 1,
immediately following the saline injection period, the
animals were injected with NE (35 nmol) and food intake
during the next hour was determined. In Part 2, saline and
NE tests were conducted on alternate days. A NE feeding
score (corrected for spillage) was computed for each animal
by subtracting the amount of food consumed after the saline
injection from the amount of food consumed after the NE
injection. In this and subsequent experiments a reliable NE
feeding response was defined as a mean difference score of
1.0 g or more. In addition to these measures, daily 24-hr food
intake and body weight were also determined.

The subjects were injected with NE and saline for two to
three days to adapt them to the injection procedure. They
were then given three NE-saline feeding tests on successive
days. Because of the different designs, Part 1 required three
days to complete these tests while Part 2 required six days.
Animals which displayed a reliable NE feeding response
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FIG. 1. Mean (xSEM) norepinephrine feeding score (g) before and
after knife cut surgery for the control (CON) and lateral cut (LAT
CUT) groups.

were retained for further study. In both parts of the experi-
ment, the animals were then divided into two groups equated
for feeding responsiveness to NE: the experimental group
was given bilateral hypothalamic knife cuts while the control
group was given sham knife cuts. Following a two day re-
covery period, postoperative NE drug testing was conducted
in the same manner as preoperative testing. Thus, postoper-
ative testing for Part 1 was conducted on days 3-5 after knife
cut surgery while postoperative testing for Part 2 was con-
ducted on days 3-8 following knife cut surgery.

RESULTS
Part 1

The preknife cut 24-hr food intake of the lateral cut group
was slightly, but not significantly, below that of the sham cut
group (21.8 vs 25.5 g, p>0.05). Following knife cut surgery,
the cut group increased its daily food intake relative to
preoperative levels whereas the control group decreased its
intake somewhat (+72.9% for the cut group vs —8.4% for the
control group; #(9)=4.44, p<0.01). The lateral cut animals
were thus hyperphagic compared to the control animals dur-
ing postoperative drug testing (37.8 vs 23.1 g/day; 1(9)=2.98,
p<0.02) and by postoperative day 18 had gained significantly
more body weight than controls (69.0 vs 13.6 g; 1(9)=4.44,
p<0.01).

As illustrated in Fig. 1, prior to knife cut surgery, the NE
feeding score of the lateral cut group was slightly below that

103

of the control group, whereas, postoperatively, it was
slightly above control levels. Analysis of variance indicated
that the group effect and the group by surgery interaction
were not significant. The feeding response of both groups,
however, significantly declined after surgery, F(1,9)=7.12,
p<0.03. Nevertheless, during postoperative drug testing, all
of the knife cut rats and 4 out of the 5 control animals were
reliable NE feeders according to the established criterion.

Figure 2A is a photomicrograph illustrating the knife cut
and drug cannula placements of a representative animal from
the lateral cut group. The cannulae for all animals were in or
near the PVN. The knife cuts were positioned 0.1 to 0.3 mm
lateral to the lateral edge of the drug cannula. They extended
0.5 to 1.0 mm anterior to the cannula and from 2.0 to 2.5 mm
posterior to it, terminating in the mammillary region. There
was some variability in the height of the cuts at the level of
the PVN: in two animals, the cuts extended dorsally 2.5 to
3.0 mm from the base of the brain, whereas in the remaining
animals they extended from the base of the brain 1.5 to 2.1
mm dorsally. In the two animals with the tallest cuts, one
animal showed no change in its NE feeding response follow-
ing surgery while the other animal demonstrated a slight in-
crease.

Part 2

The daily food intakes of the posterior coronal cut and
control groups were similar during the preoperative drug
tests (30.5 vs 33.4 g). During postoperative drug testing, the
daily food intake of the posterior cut animals was signifi-
cantly less than that of the controls (23.6 vs 30.1 g;
t(11)=2.31, p<0.05). By postoperative day 18 the posterior
cut group had gained less weight than did the control group
although this difference failed to reach significance (—4.0 vs
10.0 g).

Figure 3 illustrates the results of the NE tests in the
posterior cut animals and their controls. The pre- and post-
operative NE feeding scores of the posterior cut group were
below those of the control group, although analysis of vari-
ance revealed that the group effect was not significant. Also,
the posterior cut group was not differentially affected by the
surgery (group X surgery interaction not significant) al-
though both groups reliably decreased their feeding response
postoperatively, F(1,11)=19.75, p<0.002. All control rats and
5 of the 8 posterior cut rats continued to be reliable NE
feeders during the postoperative drug tests. The 3 posterior
cut animals which did not display a reliable NE feeding re-
sponse during the initial postoperative drug tests were given
three additional tests. In these subsequent tests, 2 of the 3
rats recovered their NE feeding response. Since the knife
cuts in these rats did not differ from those in the other
posterior cut subjects, their initial response decrement was
probably due to generalized surgical trauma. (Figure 3 does
not reflect these additional data.)

Figure 2B is a photomicrograph of a representative animal
from the posterior cut group. The knife cuts were in the
caudal hypothalamus near the mammillary bodies and from
1.0 to 2.5 mm posterior to the cannula tip. They extended
from the fornix to the midline and from the base of the brain
dorsally 1.5 to 4.5 mm. The drug cannulae in all subjects
were in or near the PVN.

EXPERIMENT 2

The results of Experiment 1 demonstrate that parasagittal
knife cuts in the perifornical hypothalamus and coronal knife
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FIG. 2. A: Photomicrograph illustrating the cannula placement and knife cuts of an animal in the
lateral cut group. B: Photomicrograph illustrating the cannula placement and knife cuts of an
animal in the posterior cut group. (Arrows indicate the knife cuts.)
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FIG. 3. Mean (+SEM) norepinephrine feeding score (g) before and
after knife cut surgery for the control (CON) and posterior coronal
cut (POST CUT) groups.

cuts in the posterior hypothalamus did not block the NE
feeding response. These findings suggest that the NE feeding
effect does not depend upon the fiber system whose destruc-
tion is responsible for MH hyperphagia. (The failure of the
posterior cuts to produce hyperphagia is addressed in the
Discussion.) These findings also suggest that transections of
the lateral and ventroposterior efferents of the PVN are not
essential to NE-induced feeding. In Experiment 1, however,
the NE feeding response was attenuated following both knife
cut surgery and sham-cut surgery, perhaps due to the impact
of repeated NE testing and the general malaise produced by
the second surgery. In the second experiment, therefore, the
effects of hypothalamic knife cuts on the NE feeding re-
sponse were examined using an experimental paradigm
whereby knife cut surgery was performed prior to hypotha-
lamic cannulation and drug testing. A palatable diet, known
to enhance the NE feeding response [42], was also em-
ployed.

METHOD
Subjects
Five rats with lateral cuts, eight rats with posterior cuts,
and six rats with sham cuts successfully completed the ex-
periment and were included in the data analysis.
Surgery

In the first operation the rats were either given bilateral
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FIG. 4. Mean (+SEM) norepinephrine feeding score for the control
(CON), lateral cut (LAT CUT) and posterior cut (POST CUT)
groups of Experiment 2.

parasagittal cuts lateral to the PVN, coronal cuts in the
posterior hypothalamus, or sham cuts. The lateral cuts were
designed to be slightly larger than those employed in Exper-
iment 1. The knife shaft was positioned 2.0 mm anterior to
bregma and 0.8 mm lateral to the midline. At a depth of 0.0
mm above ear bar reference, a 3.5 mm length of cutting wire
was extended in a caudal direction and the knife lowered to
the base of the brain. The bilateral posterior cuts were per-
formed using the procedure described in Experiment 1. Sham
cuts were made as in the first experiment using the coordi-
nates of either the lateral or the posterior cuts. Following a
recovery period of 14 to 19 days, the animals were implanted
with a unilateral drug cannula aimed at the PVN.

Behavioral Test Procedure

The testing procedure was similar to Part 1 of Experiment
1 except that a lower dose of NE was employed (20 nmol)
and the animals were tested on a more palatable sweet
milk-mash diet [300 ml of sweetened condensed milk (Mag-
nolia brand, Borden Foods), 250 g of the powdered form of
Purina laboratory chow, and 250 ml of water]. The subjects
were maintained on a Purina chow diet for 12 to 13 days
following knife cut surgery and were then given the milk-
mash diet for the remainder of the experiment. The mash diet
was presented in a feeding cup (LC-306, Wahmann Co.) at-
tached to the front of each cage. Food intake measures dur-
ing the drug tests were corrected for evaporation and spil-
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lage. Testing began 23 to 25 days after knife cut surgery and 6
to 11 days after brain cannulation. Daily body weight, but
not 24-hr food intake, was recorded throughout the experi-
ment.

RESULTS

By day 21 after knife cut surgery (just prior to the onset of
drug testing), the lateral cut animals had gained significantly
more body weight than controls (85.8 vs 15.7 g; 1(10)=2.87,
p<0.05). The posterior cut animals also gained more weight
than did controls during this time period, although this
difference failed to reach significance (31.6 vs 15.7 g).

The results of the NE tests are shown in Fig. 4 and
analysis of these data indicated that there were no reliable
group differences. All animals displayed a reliable eating re-
sponse to NE. The feeding scores ranged from 6.6 to 9.4 g in
the lateral cut group, 1.4 to 11.9 g in the posterior cut group,
and 4.5 to 13.0 g in the control group. The somewhat lower
performance of the posterior cut group relative to the other
groups was largely the result of the low score of one animal
that was nearly two standard deviations below the group
mean.

Figure 5 illustrates the placements of the knife cuts and
cannulae in the experimental groups. The lateral cuts were
positioned 0.8 to 1.0 mm lateral to the midline and extended
from the posterior portion of the anterior commissure 3.5-
4.0 mm caudally to the mammillary region of the hypothala-
mus. At the level of the PVN, the cuts extended 3.0-3.5 mm
dorsally above the base of the brain. In the posterior mam-
millary region the lateral cuts severed all fibers within 2.0
mm of the base of the brain. The knife cuts in the posterior
cut group were in the mammillary region; they extended
from the midline 1.0 to 1.5 mm laterally into the perifornical
area, and 2.5 to 3.0 mm dorsally from the base of the brain.
In all animals, the drug cannula was positioned in the im-
mediate vicinity of the PVN.

EXPERIMENT 3

The results of the preceding experiment replicate those of
Experiment 1 and confirm that parasagittal cuts lateral to the
PVN, as well as coronal knife cuts in the posterior hypothal-
amus, do not block NE feeding. The lateral knife cuts in
these experiments did not extend to the most dorsal level of
the PVN and, therefore, may have spared the more dorsolat-
eral efferents of this nucleus [14]. Even though these dor-
solateral efferents are not numerous, it is possible that they
may mediate the NE feeding response. Experiment 3 thus
investigated the effects of perifornical knife cuts extending
well into the thalamus on the feeding response to NE.

METHOD
Subjects

Twelve animals with large lateral cuts and eight sham cut
animals survived all testing and were included in the data
analysis.

Surgery

The knife shaft was positioned 1.0 mm anterior to
bregma, 0.8 to 1.0 mm lateral to the midline, and 2.5 mm
above the ear bar reference point. The 3.0 mm cutting wire
was then extended and lowered to the base of the brain.
Sham cuts were performed as in Experiment 1. In a second
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operation, which was performed 9 to 13 days after knife cut
surgery, the animals were implanted with a PVN drug can-
nula.

Procedure

The subjects were maintained and tested on a Purina
chow diet. Drug testing began 18 days after knife cut surgery
and from 6 to 11 days after implantation surgery. A NE dose
of 40 nmol was employed using a testing procedure identical
to that employed in Experiment 1, Part 1.

RESULTS

In the 18 day period between the knife cuts and the onset
of drug testing, both groups lost body weight although the
lateral cut group lost significantly more weight than controls
(—46.2 vs —19.9 g;1(18)=1.95, p<0.05, see Discussion). The
reason for the weight loss in the controls is unclear, but, at
the start of testing, both groups were consuming a normal
amount of food (30.8 g for the cut group; 29.8 g for the
control group) and their body weights had stabilized.

The results of the NE tests can be seen in Fig. 6A. The
mean feeding score of the knife cut animals was slightly but
not significantly less than that of controls. Two cut animals
and one control animal did not display a reliable NE feeding
response. There was no correlation between NE feeding re-
sponse and 18 day postknife cut body weight change in the
experimental animals.

A representation of the knife cuts and cannula placements
for the experimental subjects is shown in Fig. 6B. As in the
previous experiments, the cannula placements were in or
near the PVN. The medial-lateral and rostral-caudal place-
ment of the knife cuts were quite similar to the lateral cuts
employed in the preceding experiment. The cuts differed
substantially, however, from those of the last experiment in
terms of their dorsoventral extent since they extended from
the base of the brain well into the thalamus or, in some
instances, into the lateral ventricles.

DISCUSSION

The results of this investigation demonstrate that
parasagittal knife cuts in the perifornical hypothalamus lat-
eral to the PVN, which produced hyperphagia and excessive
weight gain, did not disrupt the feeding response induced by
PVN microinjections of NE. Coronal knife cuts in the
posterior hypothalamus, which did not produce hyper-
phagia, but which were in a position to sever the pathway
involved in the MH hyperphagia syndrome (see below), also
did not block the NE feeding response. The failure of these
knife cuts to impair noradrenergic feeding cannot be attrib-
uted to regeneration of the relevant fibers since behavioral
testing in Experiment 1 began only two days after surgery. It
is possible that the lateral cuts did not block the NE feeding
response because of diffusion of the NE to receptor sites in
the perifornical area. If this were the case, however, the
lateral cuts should have significantly reduced the NE feeding
response since previous work has established that the feed-
ing stimulated by NE injections into the perifornical region is
less than that obtained with PVN injections [40]. Since the
posterior knife cuts were 1.0 to 2.5 mm away from the can-
nula, it is unlikely that the drug acted on receptors located
caudal to these cuts. The findings of this experiment, there-
fore, indicate that the output of the hypothalamic norad-
renergic feeding system does not follow the feeding pathway
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FIG. 5. Schematic representation of the knife cut and cannula placements in Experiment 2. The left panel represents the parasagittal cuts
(LAT CUT) while the right panel represents the coronal cuts (POST CUT). (Based on Pellegrino and Cushman atlas [54] with AP level of each

section indicated by number in extreme right.)

implicated in the medial hypothalamic hyperphagia syn-
drome.

As previously discussed, the pathway involved in the hy-
pothalamic hyperphgia syndrome appears to be longitudi-
nally situated in the perifornical region of the hypothalamus.
Yet, the posterior coronal knife cuts in Experiments 1 and 2,
which should have severed this pathway, did not produce
overeating or obesity. Earlier studies have also observed
that bilateral posterior coronal knife cuts result in little or no
hyperphagia in male rats [28,61]. In female rats, on the other
hand, such cuts produce hyperphagia although less than that
produced by bilateral parasagittal knife cuts in the periforni-
cal hypothalamus [62]. Furthermore, in both male and
female rats, a unilateral coronal knife cut in the posterior

hypothalamus combined with a contralateral parasagittal
knife cut in the perifornical hypothalamus has been found to
produce as much obesity as do bilateral parasagittal knife
cuts [23, 61, 62]. Based on these results, Sclafani [61,62]
proposed that posterior coronal knife cuts sever the same
feeding pathway as do parasagittal knife cuts, but that the
coronal cuts also sever additional fibers which, when bilat-
erally damaged, interfere with the expression of the hyper-
phagia syndrome. This proposed action of coronal knife cuts
is of relevance to the present study because, while the bilat-
eral posterior coronal cuts block the expression of hypotha-
lamic hyperphagia, they do not abolish the feeding response
to microinjections of NE.

A similar argument applies to the effects obtained with
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FIG. 6. Experiment 3. A: Mean (+SEM) norepinephrine feeding score for the control (CON) and large lateral cut (LAT CUT) groups.
B: Schematic representation of the knife cut and cannula placements; based on Pellegrino and Cushman atlas [54].

the large parasagittal knife cuts used in Experiment 3. Since
these cuts severed all the fibers damaged by the smaller,
hyperphagia-inducing parasagittal cuts of Experiments 1 and
2, their failure to produce overeating and excessive weight
gain can be attributed to the additional damage they
produced to the more dorsal diencephalon. Yet, while these
larger parasagittal cuts inhibited the hyperphagia syndrome,
they did not interfere with NE feeding. Therefore, the results
obtained with the nonhyperphagia-inducing knife cuts, as
well as those obtained with the hyperphagia-inducing knife
cuts, indicate that different systems are involved in the NE
feeding response and the hypothalamic hyperphagia syn-
drome.

Further evidence indicative of a dissociation between the
MH hyperphagia syndrome and the noradrenergic feeding
response can be cited: (a) high fat diets greatly potentiate the
hyperphagia induced by MH damage [12,16], but such diets
do not exaggerate the NE feeding response [65]; (b) systemic
injections of atropine block NE feeding [58] but not hypotha-
lamic hyperphagia [13,66]; and (c) hypophysectomy inhibits
the NE feeding response [41], but not MH hyperphagia
[17,35].

Thus, while the noradrenergic feeding response and MH
hyperphagia syndrome share some anatomical and behav-
ioral features (see introductory remarks), the present results,
and those cited above, suggest that they are mediated by
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separate neural mechanisms. Although the nature of these
mechanisms remains to be identified, they may involve dif-
ferent aspects of energy regulation. For example, the system
involved in the MH hyperphagia syndrome may be related to
the long-term regulation of body fat [34, 36, 60], while the
noradrenergic feeding system may be involved in the short-
term glucostatic control of feeding [41]. Consistent with this
later hypothesis are the findings that glucoprivic eating in-
duced by central or systemic injections of 2-deoxy-D-glucose
(2DG) can be disrupted by intraventricular alpha-adrenergic
blockade [6,51] and that 2DG glucoprivation enhances the
release [47] and turnover [56] of hypothalamic NE.

In addition to providing data on the relationship between
the MH hyperphagia syndrome and NE elicited feeding, the
present study also provides information on the output fibers
of the PVN which are nor involved in the NE feeding re-
sponse. Among the laterally projecting efferents of the PVN
are fibers which form the supraopticohypophysial tract [5,
18, 30, 69, 71]. These PVN efferents pursue a circuitous
route as they loop laterally through the perifornical area (or
even the internal capsule) to the supraoptic nuclei. Together
with fibers from the supraoptic nuclei, they then travel me-
dially along the floor of the hypothalamus into both layers of
the median eminence and the neurohypophysis. Since the
perifornically positioned parasagittal knife cuts of the pres-
ent study did not block the NE feeding response, but
presumably redundantly damaged many of these fibers,
these PVN efferents do not appear to be essential to the
feeding effect of NE. However, the knife cuts spared more
medially oriented PVN efferents to the median eminence and
neurohypophysis [4, 5, 14, 71]. Since hypophysectomy
blocks NE feeding [41], the hypothalamo-pituitary axis in
general, and these medially directed PVN pituitary projec-
tions in particular, would seem to be implicated in the NE
feeding effect. On the other hand, the finding [41] that corti-
costerone replacement therapy restores the noradrenergic
feeding response in hypophysectomized rats suggests that
the pituitary exerts only a permissive influence on NE eat-
ing.

According to Swanson [69], most of the neurophysin-
containing autonomic projections of the PVN descend to the
lower brainstem in the MFB, ventral and lateral to the for-
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nix. The knife cuts employed in the current study were in a
position to significantly impinge upon this projection system
but failed to alter NE feeding. This suggests that PVN effer-
ents in the MFB are also not essential to NE feeding. On the
other hand, it is unlikely that the knife cuts severed all of the
descending output of the PVN. In particular, while the var-
ious cuts severed PVN efferents in the medial and periforni-
cal hypothalamus, they produced little or no damage to the
more dorsally situated periventricular tract and dorsal lon-
gitudinal fasiculus [37] (see also [52]), which may also con-
tain caudally directed PVN efferents to lower brainstem au-
tonomic nuclei (compare [37] with [14]).

In conclusion, the present results indicate that the output
of the PVN alpha-adrenergic feeding system does not follow
the feeding pathway implicated in the MH hyperphagia syn-
drome. They further indicate that the output of the norad-
renergic feeding system is not directed to the lower
brainstem via PVN efferents in the medial or perifornical
hypothalamus, nor to the pituitary by PVN efferents in the
supraopticohypophysial tract. The results do not exclude the
possibility that other caudally directed fiber pathways not
transected in the present study (e.g., in the dorsal periventricu-
lar stratum) may mediate the NE feeding response. It is also
possible that noradrenergic feeding involves a diffusely di-
rected fiber system which cannot be sufficiently interrupted
by a knife cut confined to a single plane. Finally, the
possibility of a humoral rather than neural output for the
noradrenergic feeding system cannot be discounted in light
of the fact that the rich capillary network of the PVN is
importantly innervated by adrenergic receptors [70] (but see
[53]).
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