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Neuropeptide Y (NPY) is a powerful inducer of food intake with
a key site of action in the paraventricular nucleus (PVN) of the
hypothalamus. An effective method for inhibiting the effects of
NPY is pretreatment with the opioid antagonists naloxone or
naltrexone. In the present study, we used immunohistochem-
istry for cFos as a marker of neuronal activity to map the effects
of PVN-injected NPY and blockade of these effects by periph-
eral injection of naloxone. Injection of NPY into the PVN re-
sulted in an increase in food intake that was blocked by pe-
ripheral administration of naloxone. PVN NPY also resulted in
increased cFos immunoreactivity (cFos-IR) in the PVN indepen-
dent of food intake, and although peripheral naloxone inhibited
NPY-induced feeding, it did not alter cFos-IR in the PVN.
cFos-IR in the central nucleus of the amygdala (CNA) increased

in response to both NPY and naloxone. Furthermore, the re-
sponse to NPY and naloxone was additive, suggesting that
peripheral naloxone and PVN NPY activate different neuronal
populations in the CNA. Three other brain regions, the nucleus
of the solitary tract, the ventrolateral medulla, and the supraop-
tic nucleus, all showed increases in cFos-IR in this study, but
these changes came only as a result of increased food intake
after PVN-injected NPY. The current data suggest that the CNA
is a site important for the integration of the NPY and opioid
systems.
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Neuropeptide Y (NPY) is a member of the pancreatic polypep-
tide family and is the most potent stimulator of feeding known.
NPY is also known to affect energy balance, suggesting that it
plays a crucial role in a central neural network involved in energy
homeostasis. Central administration of NPY results in increased
feeding (Clark et al., 1984; Levine and Morley, 1984; Stanley and
Leibowitz, 1984), decreased firing of sympathetic fibers innervat-
ing brown adipose tissue (BAT) (Egawa et al., 1991), decreased
BAT activity as measured by uncoupling protein (UCP) mRNA
levels, and increased fat storage in white adipose tissue (Billington
et al., 1991, 1994). It has been determined that the primary site of
action of NPY in the regulation of these effects is in the hypo-
thalamus, particularly the paraventricular nucleus (PVN) (Stanley
et al., 1985; Abe, 1989; Billington et al., 1994) or the nearby
perifornical area (Stanley et al., 1993). NPY immunoreactivity is
highest in the PVN, almost exclusively in nerve terminals (Allen et
al., 1983; Chronwall et al., 1985; Sawchenko et al., 1985; Stanley et
al., 1993), a large portion of which arise from cell bodies in the
arcuate nucleus (ARC) (Morris, 1989).

This ARC–PVN NPYergic pathway has been shown to be
highly sensitive to energy status. ARC NPY mRNA and PVN
NPY levels increase in response to food deprivation or food

restriction and normalize after refeeding (Sahu et al., 1988; Calza
et al., 1989; Brady et al., 1990; Pages et al., 1993). It has also been
shown that NPY release in the PVN increases before a scheduled
meal and decreases after the meal (Kalra et al., 1991).

It has been documented that blockade of opioid receptors
inhibits both the orexigenic (Levine et al., 1990a,b; Lambert et al.,
1993; Shibasaki et al., 1995) and thermogenic effects of NPY
(Kotz et al., 1995). Peripheral or intracerebroventricular injection
of naloxone, naltrexone, or specific opioid antagonists before
central administration of NPY blocks the increase in food intake
and the decrease in UCP mRNA in BAT seen with NPY injection
alone. The site of action of naloxone is different from that of NPY,
however, because naltrexone injection into the PVN is ineffective
at inhibiting either the orexigenic or thermogenic effects of PVN-
administered NPY (Kotz et al., 1995). This suggests that there is
an interaction between NPY and opioid systems in regard to the
role of NPY in energy homeostasis, with the two systems having
separate primary sites of action.

Microinjection studies have shed further light on this interac-
tion between NPY and opioids. Injection of naltrexone into the
rostral nucleus of the solitary tract (rNTS) before PVN injection
of NPY abolished the feeding and thermogenic effects seen with
PVN NPY injections alone (Kotz et al., 1995). Thus, the NTS was
implicated along with the ARC and PVN in the circuitry mediat-
ing the effects of NPY on energy balance; however, it was unclear
whether the inhibitory effects of naloxone on NPY were mediated
by NTS to PVN efferents or by PVN to NTS efferents. The
purpose of this study was to examine cFos immunoreactivity
(cFos-IR) to determine possible brain nuclei involved in the
interaction of NPY and naloxone.
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MATERIALS AND METHODS
Experimental procedures. Forty-one male Sprague Dawley rats (Harlan,
Madison, WI) weighing 250–325 gm at the start of the experiment were
used in this study. They were housed individually in wire mesh cages on
a 12 hr light/dark cycle (lights on at 7 A.M.). Rats had ad libitum access
to food and water at all times except where noted. Under Nembutal
anesthesia, rats had stainless steel guide cannulas (Plastics One,
Roanoke, VA) implanted into the right PVN using the following coordi-
nates from bregma according to the atlas of Paxinos and Watson (1986):
0.5 mm lateral, 1.9 mm posterior, and 7.3 mm below the surface of the
skull. Rats were allowed 1 week to recover from surgery before experi-
mental manipulations were begun. On experimental days, rats received an
intraperitoneal injection of either 1 mg/kg naloxone (RBI, Natick, MA)
or isotonic saline followed 30 min later by a PVN injection of 1 mg/ml
NPY (Peninsula Inc., Belmont, CA) or 1 ml isotonic saline; they were
killed 1 hr later.

Five treatment groups of seven to nine rats per group were used in this
study (Table 1). The first group (sal/sal) received an intraperitoneal
injection of 0.9% saline followed by a PVN injection of 0.9% saline. The
second group (nlx/sal) received an intraperitoneal injection of 1 mg/kg
naloxone followed by a PVN injection of 0.9% saline. The third group
(sal/NPY) received an intraperitoneal injection of 0.9% saline and a PVN
injection of 1 mg NPY. The fourth group [sal/NPY(D)] received an
intraperitoneal injection of 0.9% saline and a PVN injection of 1 mg NPY
but was deprived of food after injections. This group was included to
control for possible effects that food consumption may have on cFos-IR.
The fifth group (nlx/NPY) received an intraperitoneal injection of 1
mg/kg naloxone followed by a PVN injection of 1 mg NPY. The group
abbreviations in parentheses will be used throughout the remainder of
this paper.

Tissue preparation and immunohistochemical methods. One hour after
the PVN injection, animals were asphyxiated by CO2 and perfused rapidly
through the aorta with 180 ml of cold Ca 21-free Tyrode’s solution,
followed by slow perfusions with 400 ml of Lana’s fix and then 400 ml of
10% sucrose in Sorenson’s buffer. Brains then were removed and stored
in 10% sucrose/Sorenson’s at 4°C for a minimum of 24 hr until they were
sectioned. Frozen sections were cut on a cryostat at a thickness of 40 mm
and immediately cryoprotected in sucrose/ethylene glycol and stored at
220°C until ready for use in immunohistochemistry. Storage of tissue in
this manner preserves antigenicity and morphology for up to 90 d
(Watson et al., 1986).

For cFos immunohistochemistry, sections containing the anatomical
areas of interest were removed from the cryoprotectant solution and
rinsed 4 3 5 min in PBS followed by a 30 min incubation in blocking
solution (2% normal goat serum/0.1% BSA/0.2% Triton X-100 in PBS).
Sections were then rinsed 3 3 5 min in PBS and incubated for 48 hr at 4°C
in cFos antiserum (Oncogene Science, Cambridge, MA) at a dilution of
1:40,000. Next, sections were rinsed 8 3 5 min in PBS and then incubated
in biotinylated goat anti-rabbit IgG (Vector Laboratories, Burlingame,
CA) at a dilution of 1:500 for 1 hr at room temperature. Sections were
again rinsed 4 3 5 min in PBS and then incubated in Vectastain Elite
ABC reagent (Vector Laboratories) for 1 hr at room temperature.
Sections were then rinsed 2 3 5 min in PBS and 3 3 5 min in sodium
acetate buffer, followed by incubation with DAB–nickel sulfate solution
for 2.5 min; the reaction was stopped by rinsing 3 3 5 min with distilled
water. Stained sections were mounted on gelatin-coated slides, air-dried,
and coverslipped.

Quantitation of cFos-IR. Sections were viewed using a Leitz Orthoplan
2 microscope, and images were captured using a cooled CCD camera
(Optronics Engineering, Goleta, CA) linked to a Power Macintosh 8500/
120 computer. Captured images were analyzed using National Institutes
of Health Image 1.51 software (National Institutes of Health, Bethesda,

MD). A region of constant size (mm 2) that completely contained the
anatomical area of interest was outlined, and the number of cFos-IR
nuclei were counted and expressed as number of cFos-IR nuclei per
region of interest. Expression of data for the PVN was slightly different
because cannula placement often resulted in distortion of the PVN.
Because of this, we were frequently unable to obtain constant area
measurements of the PVN. Thus, the region corresponding to the PVN
was outlined and measured, and the number of cFos-IR cells in that area
was counted and expressed as number of cFos-IR cells per mm 2. For all
sites studied, bilateral measurements were taken on up to three slices per
animal. Table 2 shows the coordinates of all sites examined according to
the atlas of Paxinos and Watson (1986). Counts were averaged for each
animal, and data were analyzed using a one-way repeated measures
ANOVA with treatment as the independent variable. Post hoc analysis
was performed using Fisher’s PLSD test. Seven animals showed improper
cannula placement, and data from these animals were discarded. Data
from two additional animals were not used in this study, because they
were determined to be statistical outliers according to the universal test
for the rejection of a single normal outlier (Hawkins, 1980). This test
calculates a new F statistic using residual sums of squares, followed by a
Bonferonni correction to determine whether a single data point can be
considered an outlier.

RESULTS
Analysis of total food consumed over the 1.5 hr after the initial
(peripheral) injection showed a main effect of treatment (F(3,30) 5
3.69; p 5 0.0226). For this analysis, the sal /NPY(D) group was
removed, because that group did not have access to food during
this time period. Mean food intake (6 SEM) was as follows:
sal /sal 5 0.171 6 0.171 gm, nlx /sal 5 0.150 6 0.150 gm, nlx /
NPY 5 0.645 6 0.225 gm, sal /NPY 5 1.375 6 0.480 gm. Post hoc
analysis showed that the sal /NPY group ate significantly more
food than all other groups and that the sal /sal, nlx /sal, and
nlx /NPY groups were not statistically different from one another,
demonstrating that peripheral administration of 1 mg/kg nalox-
one inhibits the behavioral effects of 1 mg of PVN-injected NPY.

In the PVN, there was a main effect of treatment on cFos-IR
(F(4,29) 5 9.361; p 5 0.0001), with significantly higher levels of
cFos-IR in all treatments receiving PVN injections of NPY; how-
ever, neither peripheral naloxone nor the presence or absence of
food altered cFos-IR in the PVN (Fig. 1). No differences in
cFos-IR between the injected and noninjected PVN were seen
after NPY administration for any treatments, indicating that uni-
lateral injection of NPY resulted in bilateral activation of the
PVN (data not shown).

In the central nucleus of the amygdala (CNA), cFos-IR was
affected by both naloxone and NPY injection (Fig. 2). There was
a main effect of treatment on cFos-IR in the CNA (F(4,23) 5 7.493;
p 5 0.0005), and post hoc analysis showed significant differences
between several groups. The nlx /sal, sal /NPY(D), and nlx /NPY
groups all showed significantly higher levels of cFos-IR than the
sal /sal group. This suggests that peripheral naloxone administra-
tion as well as PVN NPY injection independently resulted in a
significant increase of cFos-IR in the CNA. When all groups were
included in the analysis, NPY failed to significantly increase

Table 1. Key to treatment groups

Treatment Peripheral injection PVN injection Food available?

sal /sal Saline (0.9%) Saline (0.9%) Yes
nlx /sal Naloxone (1 mg/kg) Saline (0.9%) Yes
sal /NPY Saline (0.9%) NPY (1 mg) Yes
sal /NPY(D) Saline (0.9%) NPY (1 mg) No
nlx /NPY Naloxone (1 mg/kg) NPY (1 mg) Yes

Table 2. Rostral and caudal extents of brain sites examined for cFos-IR

Site Rostral extent Caudal extent

PVN 21.40 mm 22.12 mm
CNA 22.30 mm 23.14 mm
iNTS 213.30 mm 214.08 mm
rNTS 211.80 mm 213.30 mm
VLM 213.30 mm 214.08 mm
SON 21.30 mm 21.80 mm
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cFos-IR when food was available. That is, the sal /NPY group was
not significantly different from the sal /sal group; however, when a
one-way ANOVA was conducted to determine a possible effect of
NPY on cFos-IR by using only the sal /sal, sal /NPY(D), and
sal /NPY groups, there was a main effect of treatment (F(2,11) 5
12.926; p 5 0.0013), with both the sal /NPY(D) and the sal /NPY

groups showing significantly higher cFos-IR in the CNA than the
sal /sal group according to Fisher’s PLSD test. The nlx /NPY
group showed the highest levels of cFos-IR of any of the five
groups. cFos-IR was significantly higher in the nlx /NPY group
than in the sal /sal, nlx /sal, or sal /NPY groups, but was not
significantly higher than the sal /NPY(D) group. The patterns of

Figure 1. Photomicrographs showing cFos-IR in the PVN in response to peripheral injection of either 0.9% saline or 1 mg /kg naloxone, followed
30 min later by PVN injection of either 0.9% saline or 1 mg NPY. cFos-IR was significantly increased by PVN injection of NPY and was not affected
by feeding or by blockade of NPY-induced feeding attributable to naloxone injection. Treatments abbreviated as per Table 1. A–E on
photomicrographs correspond to A–E on graph. Graph represents treatment means; error bars represent SEM. *Significant from sal/sal group.
Magnification, 253. Scale bar, 200 mm.
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cFos-IR induced by naloxone or NPY did not show specificity to
either the medial or lateral subdivisions of the CNA (data not
shown).

Figure 3 shows the c-fos response in two regions of the NTS: the
intermediate NTS (iNTS) and the rNTS. The overall response was
the same for both of these regions. In the iNTS, although there

was a main effect of treatment (F(4,22) 5 3.963; p 5 0.0143),
cFos-IR was affected only by the combination of NPY adminis-
tration and feeding. In the rNTS, again there was a main effect of
treatment (F(4,22) 5 3.032; p 5 0.0392), with only the sal /NPY
group, but not the sal /NPY(D) group, showing significantly
higher levels of cFos-IR.

Figure 2. Photomicrographs showing cFos-IR in the CNA in response to peripheral injection of either 0.9% saline or 1 mg/kg naloxone, followed 30
min later by PVN injection of either 0.9% saline or 1 mg NPY. cFos-IR was significantly increased by PVN injection of NPY and by peripheral naloxone
injection. Treatments abbreviated as per Table 1. A–E on photomicrographs correspond to A–E on graph. Graph represents treatment means; error bars
represent SEM. *Significant from sal/sal group; **significant differences among nlx/NPY group and other groups indicated by line. Magnification, 253.
Scale bar, 200 mm.
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For measurement of cFos-IR in the nearby ventrolateral me-
dulla (VLM), a similar result was seen (Fig. 4). There was a main
effect of treatment (F(4,22) 5 3.495; p 5 0.0236), with the sal /NPY
group being the only group to show a significant increase in
cFos-IR. Although the other groups were not statistically affected,
there was a trend of increased cFos-IR in response to NPY that
was lessened by peripheral administration of naloxone.

In the supraoptic nucleus (SON), cFos-IR was responsive to a
combination of NPY and food intake (Fig. 5). There was a main
effect of treatment (F(4,26) 5 4.712; p 5 0.0054), and post hoc
analysis showed that cFos-IR was significantly higher in the sal /
NPY and nlx /NPY groups. This suggests that the cFos-IR in the
SON is responsive to NPY and to feeding; however, although
cFos-IR in the SON was still significantly higher in the nlx /NPY
group than in the sal /sal group, it should be noted that the
nlx /NPY group did eat more food (but not significantly more
food) than the sal /sal group. When we examined cFos-IR in the
SON for an effect of NPY by recalculating the ANOVA using only
the sal /sal, sal /NPY(D), and sal /NPY groups, there was a main
effect of treatment (F(2,16) 5 12.011, p 5 0.0007). Post hoc analysis
showed a statistical increase in cFos-IR only in the sal /NPY
group. This suggests that the SON is responsive primarily to
feeding and not simply to NPY.

DISCUSSION
The aim of this study was to determine a possible site or sites
within the CNS responsible for the interaction of NPY and nal-
oxone. To accomplish this, we chose to stimulate the PVN directly
by microinjection of NPY. This allows for precise activation of the
PVN, a region known to be involved in the control of food intake
and energy balance (Billington et al., 1994). We chose to examine
cFos-IR, because this technique has been shown to be useful in
metabolic mapping studies in both mono- and multisynaptic sys-
tems (Sagar et al., 1988). Because naloxone failed to alter NPY-
induced cFos-IR in the PVN, we conclude that naloxone inhibits
the effects of NPY at a site outside the PVN.

The data presented here suggest that NPY induces feeding by
activation of neurons within the PVN that in turn project to other,
possibly extrahypothalamic sites where there is an interaction with
an opioidergic system. The PVN was solely responsive to the
presence or absence of NPY and was unaffected by naloxone or
the increased food intake induced by NPY administration. Al-

Figure 3. Quantitation of cFos-IR in the rostral nucleus of the solitary
tract (rNTS) and the intermediate NTS (iNTS) in response to peripheral
injection of either 0.9% saline or 1 mg/kg naloxone, followed 30 min later
by PVN injection of either isotonic saline or 1 mg NPY. Changes in
cFos-IR were seen only in the condition of PVN-administered NPY with
food consumption. *Significant from sal/sal control. Error bars represent
SEM.

Figure 4. Quantitation of cFos-IR in the VLM in response to peripheral
injection of either 0.9% saline or 1 mg/kg naloxone, followed 30 min later
by PVN injection of either 0.9% saline or 1 mg NPY. Increases in cFos-IR
were seen only with PVN NPY injection with food consumption. *Signif-
icant from sal/sal control. Error bars represent SEM.

Figure 5. Quantitation of cFos-IR in the SON in response to peripheral
injection of either 0.9% saline or 1 mg/kg naloxone, followed 30 min later
by PVN injection of either 0.9% saline or 1 mg NPY. Both the sal/NPY and
nlx/NPY groups showed significant increases in cFos-IR. *Significant from
sal/sal control. Error bars represent SEM.
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though naloxone had a robust antagonistic effect on the behav-
ioral effects of NPY, naloxone does not seem to antagonize the
effects of PVN-injected NPY at the level of the PVN, because
NPY-induced cFos-IR in the PVN was unaffected by naloxone.
Furthermore, naloxone did not affect basal levels of cFos-IR in
the PVN.

These results confirm previous findings that the PVN is a
principal site of action of NPY. Increases in cFos-IR in the PVN
after central administration of NPY have been reported previ-
ously (Li et al., 1994; Lambert et al., 1995; Xu et al., 1995), with
slightly varying results. Li et al. (1994) and Xu et al. (1995) both
reported that cFos-IR in the PVN increased after ventricular
injection of NPY and increased even further when rats were
allowed to eat after NPY administration. In the current study, we
did not see any effects of food intake on cFos-IR in the PVN, nor
did Lambert et al. (1995), who examined cFos-IR in various
subregions of the PVN after intracerebroventricular injection of
NPY. The data from this study also support previous work that
has shown that the PVN is not the site of the antagonistic effects
of naloxone on NPY (Kotz et al., 1995).

The data from the CNA are perhaps the most compelling in this
study. The extended amygdala, and especially the CNA, have been
reported to play both stimulatory and inhibitory roles in the
control of food intake. Kainic acid lesions of the CNA have been
reported to increase feeding and body weight (Hajnal et al., 1992),
as have electrolytic lesions of the posterodorsal amygdala (King et
al., 1993, 1994, 1997). Chemical stimulation of the CNA with the
GABAA antagonist bicuculline (Minano et al., 1992) or various
opioid agonists also results in increased food intake (for review,
see Gosnell and Levine, 1996). Conversely, CNA injections of the
GABAA agonist muscimol decrease deprivation-induced feeding
(Minano et al., 1992), as do injections with a number of opioid
antagonists (for review, see Bodnar, 1996). In the current study we
report evidence for two distinct neuronal populations within the
CNA that may play separate roles in the interaction of the
hypothalamic NPYergic system with an opioidergic system. Our
data show increased cFos-IR in the CNA after peripheral nalox-
one administration and increases in cFos-IR in the CNA after
PVN injection of NPY. Furthermore, when naloxone and NPY
are coadministered, the cFos-IR in the CNA is elevated not only
from the baseline controls but from the groups receiving either
naloxone or NPY alone. Similar to results seen in the PVN,
cFos-IR in the CNA was unresponsive to increased feeding after
NPY, contrary to results reported previously (Li et al., 1994).

Although there was not regional specificity in c-fos expression
after administration of NPY or naloxone, the additive effect seen
after coadministration suggests that two distinct neuronal popu-
lations are activated: one by NPY and the other by naloxone. The
fact that the pattern of cFos-IR in the CNA in response to
naloxone and NPY does not mimic the behavioral effects seen
when these two substances are coadministered suggests that the
CNA may integrate rather than regulate the inhibitory effects of
naloxone on NPY; i.e., a site that receives projections from the
CNA may be responsive to NPY, and naloxone-activated cells in
the CNA may inhibit the NPY-induced activation of that area. Of
the five sites we examined, none showed a pattern of cFos-IR
consistent with this scenario, but other areas (such as the para-
brachial nucleus, the nucleus accumbens, and the lateral septum)
may be candidates for such a site. Although it has been demon-
strated that the CNA projects directly to the PVN (Gray et al.,
1989), reciprocal projections have not been identified. Our data

demonstrate a PVN–CNA pathway, but whether this is a mono- or
multisynaptic pathway cannot be determined here.

Along with various forebrain regions, several hindbrain areas,
including the NTS, have been implicated in the regulation of food
intake. Given that naltrexone administration into the NTS inhibits
the increased feeding and decreased thermogenesis seen after
PVN-injected NPY (Kotz et al., 1995), we originally hypothesized
that we would see increased cFos-IR in the NTS in response to
NPY, which in turn would be inhibited by naloxone; however, we
saw increases in cFos-IR only in response to NPY and food intake
but not to NPY alone. The pattern of c-fos expression was nearly
identical for the two subregions of the NTS examined. Similar
increases in cFos-IR in the NTS have been seen after food intake
(Fraser and Davison, 1993; Fraser et al., 1995) or infusion of
nutrients directly into the digestive system (Zittel et al., 1994).

One possible explanation for the failure of either naloxone or
NPY alone to affect cFos-IR in the NTS is that naloxone or NPY
could indeed activate cells in the NTS, but after activation these
cells do not show increased levels of c-fos expression. Another
explanation could be that naloxone blocks opioid receptors lo-
cated on fibers in the NTS, but the affected cell bodies may lie in
other, distal regions. If this latter circumstance were the case, no
changes in cFos-IR in the NTS would be seen, because cFos is a
nuclear protein. Neuroanatomical evidence supports interactions
between the NTS and both the PVN and CNA. There are pro-
jections from the NTS to the CNA (Petrov et al., 1993; Zardetto-
Smith and Gray, 1996) and projections from the CNA to the NTS
(Petrov et al., 1995; Pickel et al., 1995). It may be that peripheral
naloxone administration blocks opioid receptors in the NTS, the
result of which is seen as alterations in c-fos expression in neurons
located in the CNA. Finally, it may be that naloxone can act at
more than one site to inhibit the effects of NPY, and peripheral
injection of naloxone acts primarily at the CNA and not the NTS.

The VLM is another area studied that may play an important
role in mediating the effects of the hypothalamic NPYergic sys-
tem. Although our data show increased cFos-IR in the VLM only
after NPY-induced feeding and not with NPY administration
alone, there is a trend of increased cFos-IR after PVN injection of
NPY without food intake [sal /NPY(D) group]. Peripheral nalox-
one injection before PVN NPY administration abolished this
trend. The VLM may be a candidate for the effects of NPY on
sympathetic nervous system activity. The VLM has been impli-
cated in various autonomic functions such as blood pressure and
heart rate (Granata et al., 1986), and projections from the PVN
have been demonstrated to course through the VLM to various
adipose tissue stores (Warren et al., 1996). Furthermore, the
VLM is connected with several of the structures mentioned pre-
viously. The VLM innervates the amygdala (Palkovits et al., 1992;
Petrov et al., 1993; Roder and Ciriello, 1993; Ciriello et al., 1994),
the PVN (Palkovits et al., 1992; Petrov et al., 1993; Rinaman et al.,
1995), and the NTS (Sawchenko and Swanson, 1981).

Evidence exists that the SON is responsive to alterations in
feeding (Verbalis et al., 1986; Li et al., 1994; Xu et al., 1995),
although it has not been shown to play stimulatory or inhibitory
roles in food intake regulation. The increases in cFos-IR in the
SON seen here are in agreement with those seen previously in
which the SON seems to be mostly responsive to feeding (Li et al.,
1994; Xu et al., 1995). This likely reflects a release of oxytocin in
response to food intake, as has been reported previously (Verbalis
et al., 1986). In this study we did not see an increase in cFos-IR in
response to NPY alone, as seen previously (Li et al., 1994; Xu et
al., 1995). This may be attributable to differences in sites of
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injection. In these previous studies, injections of NPY were made
into either the lateral ventricle (Li et al., 1994) or the fourth
ventricle (Xu et al., 1995), whereas we injected NPY directly into
the PVN. Although there are no direct connections from the PVN
to the SON (Cirino and Renaud, 1985), the SON is innervated by
the CNA, which could explain the modest albeit not significant
increase in cFos-IR in the SON in response to PVN NPY in the
absence of food intake.

In summary, we have seen that NPY-induced cFos-IR in the
PVN is not affected by either feeding or peripheral naloxone
injection, but neurons within the CNA are activated by both
naloxone and NPY. The neurons in the CNA that are activated by
naloxone may have a different neurochemical profile than those
activated by PVN NPY, because the c-fos response in the CNA is
additive. These data suggest that the amygdala, specifically the
CNA, may be a critical structure in the interaction of the NPY-
ergic and opioidergic systems in food intake regulation.
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