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Abstract

Neuropeptide Y (NPY) conjugated with a ribosomal inactivating toxin, saporin (SAP), is a toxin that
targets NPY receptor-expressing cells. Injection of NPY-SAP into the rat arcuate nucleus (Arc) and
basomedial hypothalamus (BMH) destroys two populations of NPY -receptor-expressing neurons
important for the control of food intake and body weight, NPY and pro-opiomelanocortin (POMC)
and cocaine and amphetamine related transcript (CART) neurons, and produces profound
hyperphagia and obesity. Here, we investigated the contribution of lateral hypothalamus (LHA)
orexigenic peptides, orexins and melanocortin concentrating hormone (MCH), to these lesion effects.
We microinjected NPY-SAP into two sites on each side of the Arc, causing a loss of NPY and POMC/
CART neurons that was limited to the Arc. Lesioned rats rapidly became hyperphagic and obese.
However, MCH and prepro-orexin mRNA expression were not increased in the LHA in the lesioned
rats, but were decreased at some levels of the LHA or were unchanged. NPY-SAP-induced obesity
therefore differs from dietary obesity and from obesity associated with leptin or leptin receptor
deficiency in which MCH gene expression is increased. The Arc NPY-SAP lesion produces obesity
and hyperphagia that does not require overexpression of hypothalamic neuropeptides currently
considered to provide major stimulatory drive for food intake: NPY, agouti gene-related protein,
MCH or orexins. The source of the seemingly unregulated stimulatory drive for feeding in these
animals has not been identified, but may be associated with hindbrain or endocrine mechanisms.
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1. Introduction

The arcuate nucleus (Arc) in the basomedial hypothalamus (BMH) is crucial for control of
food intake and energy expenditure. Two groups of neurons in the Arc that are importantly
involved in these functions are neuropeptide Y (NPY) and agouti gene-related protein (AGRP)
co-expressing neurons and the pro-opiomelanocortin (POMC) and cocaine-and amphetamine-
regulated transcript (CART) co-expressing neurons [6,16,24,28]. When administered
centrally, NPY and AGRP are orexigenic, whereas POMC and CART are anorexigenic.
Electrolytic lesions of BMH and chemical lesions produced by monosodium glutamate or gold
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thioglucose, which dramatically increase food intake and body weight, have highlighted the
importance of this brain region for energy homeostasis [6,13,34,36,37].

NPY-saporin, a conjugate of NPY and the ribosomal inactivating toxin, saporin (SAP), is a
chemical lesioning agent that targets NPY receptor-expressing neurons [7]. Selective
destruction of NPY receptor-expressing neurons is mediated by agonist-driven receptor
internalization of the NPY-SAP conjugate. Once present in the soma, saporin inactivates
ribosomes and destroys the affected neuron. Like most peptide-SAP conjugates, NPY-SAP is
not retrogradely transported and so destroys NPY receptor-expressing cell bodies locally at the
injection site, but does not destroy distant NPY neurons that terminate there [7]. The fact that
NPY/AGRP and CART/POMC neurons express NPY receptors [9,25] makes both cell types
targets for NPY-SAP internalization and the initial study of this targeted toxin [7] showed that
Arc injections of NPY-SAP destroyed NPY/AGRP and CART/POMC neurons. These lesions
virtually eliminated feeding responses to lateral ventricular injection of leptin and ghrelin,
peptides whose major actions are known to be heavily dependent on those neurons. As with
other lesions of the BMH, NPY-SAP lesions caused profound hyperphagia and obesity.

The neural circuitry responsible for the hyperphagia and obesity following NPY-SAP-induced
lesions and other lesions of the BMH is poorly understood [6,26]. Therefore, in the present
experiment, we injected NPY-SAP into the Arc and examined the effects on expression of two
orexigenic peptide genes in the lateral hypothalamic area (LHA), melanin-concentrating
hormone (MCH) mRNA and prepro-orexin mRNA [5,17], that are potential mediators of the
NPY-SAP-induced hyperphagia and obesity. MCH [4,35,40] and orexin [10,46] cell bodies
are abundant and almost exclusively located in the LHA.

Both MCH and orexins increase food intake when administered centrally [12,15,40,46] and
both MCH and orexin genes are sensitive to changes in energy balance. Evidence for
participation of MCH in control of energy expenditure, food intake and body weight is
particularly compelling. Expression of the MCH gene is increased by fasting [40]. Mice lacking
the MCH gene are lean [1], and mice in which the MCH gene is chronically over expressed
are obese [32]. Expressions of MCH mRNA and peptide production are increased in genetically
obese (ob/ob) mice [40,49] and diet-induced obesity [18]. Central injection of orexin-A
simulates feeding and feeding is disrupted by knockout of the prepro-orexin gene,
immunoneutralization of orexin-A, or pharmacological blockade of orexin A receptors. Fasting
has been reported to increase orexin gene expression [11,53], an effect that is modulated by
leptin. However, the relationship of orexins to obesity differs from that of MCH that prepro-
orexin gene expression is decreased, not increased, in genetically obese (ob/ob and db/db) mice
[53].

Arc NPY/AGRP and CART/POMC neurons may contribute to the control of LHA prepro-
orexin and MCH gene expression by leptin. Leptin receptors are present on Arc NPY/AGRP
and CART/POMC neurons that innervate LHA orexin and MCH neurons [5,17]. Furthermore,
food deprivation-induced prepro-orexin mMRNA expression can be reversed by central leptin
administration [31], and chronic treatment with central leptin injection for one week has been
reported to significantly decrease orexin-A concentration in the LHA region [2]. Prior
intraventricular injection of leptin blocks MCH-induced stimulation of food intake [43] and
leptin decreases MCH gene expression [44].

These data predict that LHA prepro-orexin or MCH gene expression would be altered by NPY -
SAP induced deletion of Arc NPY/AGRP and POMC/CART neurons. Because this NPY-SAP
lesion causes profound hyperphagia and obesity, we predicted that the lesion would increase
the expression of MCH, which is increased in other forms of obesity. Furthermore, if this lesion
is similar to genetic and dietary forms of obesity examined thus far, we would predict that
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obese NPY-SAP rats would have decreased or unchanged levels of prepro-orexin gene
expression. Understanding the components of feeding circuitry and their interactions is crucial
for development of pharmacological approaches for control of ingestion.

2. Materials and methods

2.1. Animals

Male and female Sprague Dawley rats were purchased from Simonsen Laboratories (Gilroy,
CA) and housed individually in suspended wire mesh cages in an animal care facility approved
by the Association for Assessment and Accreditation of Laboratory Animal Care. Rats were
maintained on a 12-h light (0700-1900) and 12-h dark cycle with ad libitum access to standard
pelleted rodent chow (F6 Rodent diet; Harlan Teklad, Madison, WI) and tap water. All
experimental procedures were approved by Washington State University Institutional Animal
Care and Use Committee, which conforms to NIH Guidelines.

2.2. Injection of NPY-SAP and control SAP

For stereotaxic microinjections, rats were anesthetized using 0.1 ml/100 g body weight of a
ketamine-xylazine-acepromazine cocktail (5 ml ketamine HCI, 100 mg/ml, Fort Dodge Animal
Health, Fort Dodge, 1A; 2.5 ml xylazine, 20 mg/ml, Vedco, Inc., St. Joseph, MO; 1 ml
acepromazine, 10 mg/ml, Vedco, Inc.; and 1.5 ml 0.9% saline solution). Injection parameters
were modified from previous work with NPY-SAP [7]. NPY-SAP (24 ng, Advanced Targeting
Systems, Carlsbad, CA) or the equivalent amount of control blank saporin (B-SAP), dissolved
in 50 nl of 0.1 M phosphate buffer (PBS, pH 7.4), was injected bilaterally into two sites per
side on the dorsal border of the Arc. Stereotaxic coordinates of the rostral injection sites were
2.5 caudal and + or —0.4 mm lateral to bregma and 8.3 mm ventral to dura mater. Coordinates
for the caudal sites were 3.5 caudal and + or —0.4 mm lateral to bregma and 8.5 mm ventral to
dura mater [38]. Injections were made with a Picospritzer (Parker; Cleveland, OH) connected
to a pulled glass capillary pipette (30-pum tip diameter). Fluid movement was monitored
microscopically. The solution was injected slowly over a 5-min period.

2.3. Body weight and food intake

Our previous studies have shown that NPY—-SAP rats eat more than controls during the daytime,
but not at night [7]. Therefore, in this experiment we measured 4-h intake of the rats’ standard
pelleted food during the light phase (09:00-13:00) every 1-3 weeks after the injection.

2.4, Tissue preparation

Rats were euthanized 10-12 weeks after NPY-SAP or B-SAP injection for analysis of lesion
effects and gene expression. They were anesthetized deeply with Halothane (Halocarbon
Laboratories, River Edge, NJ). Transcardial perfusion was initiated just prior to cessation of
the heartbeat using PBS (pH 7.4) followed by cold 4% paraformaldehyde in PBS. After
perfusion, brains were removed rapidly and placed in 4% paraformaldehyde/PBS at 4 °C for
overnight, then into a series of sucrose (10-25%) in PBS for a total of 20 h. Coronal
hypothalamic sections (20 um thick) were cut and collected into five sets of serial sections that
were mounted onto SuperFrost Plus slides (Fisher Scientific, Los Angeles, CA). After drying,
sections were stored in desiccated slide boxes at —80 °C until processed for in situ hybridization
as described below.

2.5. In situ hybridization

The protocol used in the present study was modified from our previous reports [29,30].
Antisense riboprobes of rat NPY, CART, MCH, and mouse prepro-orexin were transcribed
with RNA polymerase in the presence of 33P-UTP (Perkin-Elmer, Indianapolis, IN) using a
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MAXIscript kit (Ambion, Austin, TX), as described previously [7,29]. Unincorporated isotope
was removed using spin columns (Roche, Indianapolis, IN). Probes were quantified in a
scintillation counter. Before use, the probe was combined in a 1/20 ratio of Torula RNA (Sigma)
and 0.1 M Tris/0.01 M EDTA (pH 8.0), and then mixed with hybridiztion buffer (containing
6.25% deionized formamide, 12.5% dextran sulfate, 0.375 M NaCl, 10 mM Tris (pH 8.0), 1.6
mM EDTA, 1.25xDenhardt’s solution, and 10 mM DTT) at a ratio of 1:3. Probe mix was heat
denatured at 65 °C for 15 min. The final volume of probe mix plus hybridization buffer was
150 pl/slide (or 1.5 x 108 cpm/slide). Sections were treated in 0.1 M triethanolamine with 250
pl/ml acetic anhydride for 10 min, rinsed in 2x SSC (sodium citrate-sodium chloride buffer)
for 5 min, dehydrated in graded ethanol solutions (70%, 90%, and 100%; 3 min each), and then
allowed to air dry before the hybridization procedure. After adding the hybridization mix to
the slides, the sections were covered with Parafilm (Pechiney Plastic Packaging, Menasha, WI)
and placed in humidity chambers that were then placed into an oven set at the calculated
hybridization temperature (47-50 °C) for 16-17 h. Following hybridization, the slides were
washed twice in 2x SSC for 30 min each at room temperature. Slides were then incubated for
30 min at 37 °C in RNase buffer (10 mM Tris, 0.5 M NaCl, 1 mM EDTA, pH 8.0) containing
RNase-A (0.02 mg/ ml) followed by incubation for 10 min at 37 °C in the buffer without RNase-
A. Next, after a 5-min wash in 2x SSC at room temperature, slides were incubated in 0.1x SSC
at 58-60 °C for 30 min twice, then again twice for 5 min in fresh 0.1 M SSC at room
temperature. Sections were then dehydrated in graded ethanol (50%, 70%, 90%, and 100%; 3
min each) and allowed to air dry.

Then the slides were exposed to BioMax MR films (Eastman Kodak Co., Rochester, NY) for
2-7 days at—80 °C. After exposure, films were developed. The slides were then counterstained
in 0.5% cresyl violet in acetate buffer, dehydrated in graded ethanol and cleared in Citrasol
(VWR Scientific Products Inc.) and coverslipped with DPX (EM Sciences, Fort Washington,
PA).

2.6. Quantification and analysis of gene expression

After the films were developed, the hybridization signal on the film was quantified using
densitometric analysis. Briefly, hybridization signals on the films were digitized using a high-
resolution scanner set at a constant setting for each experiment. The digitized images were then
analyzed using Scion Image (Scion Co., Frederick, MD). The optical density (OD) of a
rectangular area enclosing each hypothalamic region of interest was measured. Three sections
from each rat were quantified at each 300 um interval along the coronal plane throughout the
structure of interest. After subtracting out the background, the OD of a sample area, in arbitrary
units of density x area, was recorded as peptide mMRNA expression values. Brain tissue from
both sexes was used for in situ hybridization Images from 3-5 rats per group were quantified.

2.7. Statistical analysis

3. Results

All data are presented as mean + S.E.M. Unpaired t test was used for analyzing the difference
between NPY-SAP and B-SAP rats. Differences were considered significant if P < 0.05.

3.1. Body weight gain and food intake after NPY-SAP injection

Rats with NPY-SAP injections into the BMH gained weight rapidly. Only one week after
injection, the increase above B-SAP control was already statistically significant. As shown for
male rats in Fig. 1A, body weight was significantly increased at all time points after the infusion
(Ps <0.001 for all cases; n =5 for each group). Fig. 1B shows body weight for male and female
rats just prior to sacrifice 10-12 weeks after NPY-SAP and B-SAP administration (P < 0.001).
In male rats, body weight of B-SAP controls increased 49 g (from 338.4 + 2.6 g to 387.8 =
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13.0 g), while body weight of NPY—-SAP rats increased 226 g (from 340.4 + 0.7 g to 566.2 +
14.4 g) during their 10 weeks post injection survival period. Body weights female B-SAP
controls increased 10 g (from 286.0 = 7.0 g to 296.2 + 7.8 g, while female NPY-SAP rats
increased 289 g (from 265.0 £ 8.3 g to 553.9 + 44.9 g) during their 12 week post-injection
survival period. As noted previously for unconjugated saporin injections [41], effects of the
control B-SAP injection did not appear to contribute to the effects we observed. Weight gain
of male and female B-SAP injected rats over the experimental period was as expected for
normal, uninjected rats. Normal untreated male Sprague-Dawley rats from our supplier
(Simonsen Laboratories), with starting weights of approximately 350 g and on the same
standard rodent maintenance diet as used in this experiment, gain approximately 50-60 g over
a 10-week period. Normal females with starting weights of about 280 g gain approximately
10-20 g over a 12-week period.

Daytime food intake was also increased above that of controls in the NPY-SAP injected rats,
as shown previously [7]. Food intake in the 4-h daytime tests in male rats was increased to
376% (6.4+£1.69gvs.1.7+0.9¢),1233% (3.7+1.2gvs. 0.3+£0.19), 620% (3.1£0.4 g vs.
0.5+0.3g), and 364% (4.0 £ 1.1 g vs. 1.1 £ 0.9 g) of the intake of B-SAP rats, respectively,
at 10 days, 3, 5, and 8 weeks after NPY-SAP injection (Ps < 0.05).

3.2. NPY mRNA and CART mRNA expression in the hypothalamus

The expression of NPY and CART mRNAs in the hypothalamus was examined to confirm the
lesion of NPY -receptor-expressing NPY and CART neurons in Arc by NPY-SAP. The
expression of NPY and CART mRNAs was examined in the dorsomedial hypothalamic nucleus
(DM) to establish the localization of the lesion.

In control B-SAP rats (Fig. 2), NPY mRNA expression was found in Arc between 2.3 to 3.8
mm caudal to bregma and in the compact part of DM at 3.3 mm caudal to bregma. NPY mRNA
expression (Fig. 3A) was dramatically decreased in Arc in NPY—-SAP rats, at all levels
measured (P < 0.05 for all comparisons; n = 5). In contrast, NPY mRNA expression in the
compact part of DM did not differ between NPY-SAP and B-SAP rats (P > 0.7). Quantitative
data showed that overall NPY mRNA levels in Arc and DM in NPY-SAP rats were 25.3 and
92.0% of the control B-SAP rats, respectively.

In B-SAP rats (Fig. 2), CART mRNA expression was observed in Arc between 2.3 and 3.8
mm caudal to bregma and also in DM at these same levels. As shown in Fig. 3B, the expression
levels of CART mRNA was dramatically decreased at all levels of the Arc by NPY-SAP,
compared to B-SAP (P < 0.01 for all comparisons; n = 5). However, there were no significant
differences between groups in the DM (P > 0.6). Quantitative data showed that overall CART
MRNA levels in Arc and DM in NPY-SAP rats were 23.2 and 96.1% of the control rats,
respectively. The decrease in NPY and CART expression in the Arc, but not in the DM, of
NPY-SAP injected rats indicates that the NPY—-SAP was effective in producing a lesion and
that the lesion was highly localized within the Arc.

3.3. MCH and prepro-orexin expression in the LHA

In B-SAP controls, MCH mRNA expression was present exclusively in LHA and nearby
perifornical nucleus (PeF) between 3.0 and 3.6 mm caudal to bregma, while prepro-orexin
mRNA was found exclusively in the LHA between 3.3 and 3.6 mm caudaltobregma (Fig. 4).
In NPY-SAP injected rats, MCH mRNA expression in LHA/PeF did not differ from controls
at 3.0 or 3.6 mm caudal to bregma (P > 0.1), but was significantly decreased at 3.3 mm caudal
to bregma (P < 0.01). The overall expression of MCH mRNA in LHA/PeF in NPY-SAP rats
was 41.4% of the control.
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Prepro-orexin mRNA expression did not differ between groups at 3.6 mm caudal to bregma
(P > 0.6), but was significantly decreased in the NPY—SAP group at 3.3 mm caudal to bregma
(P =0.05). The overall prepro-orexin mRNA expression in LHA was only 56.7% of control
in NPY-SAP rats.

4. Discussion

Injection of NPY-SAP into the Arc dramatically reduced expression of NPY and CART
mRNA s at the injection site, as described previously [7], due to destruction of NPY-receptor-
expressing neurons (including NPY and CART neurons) in the vicinity of the injection site.
As reported previously [7], lesioned rats gained weight rapidly and became obese. Male NPY -
SAP rats gained 4.6 times more body weight than male SAP controls during the 10 weeks post
injection period. Female NPY-SAP rats gained 29 times more body weight than female SAP
controls during 12 post injection weeks. Consistent with our previous report [7], rats injected
with NPY-SAP were hyperphagic, consuming 3.6-12.3 fold more food than controls during
4-h daytime tests. Although additional metabolic and pair feeding experiments may reveal a
lesion-induced decrease in metabolic rate, clearly hyperphagia was a major contributor to the
obesity induced by the Arc NPY-SAP lesion.

Despite the hyperphagia and obesity induced by the Arc NPY-SAP injections, neither the MCH
nor the prepro-orexin gene was upregulated in these animals. mRNA expression for both genes
was either unchanged or reduced in obese NPY-SAP injected rats. In the case of prepro-orexin,
the failure of the NPY—SAP lesion to increase prepro-orexin gene expression is consistent with
the fact that expression of this gene is not increased in genetically obese mice (ob/ob and db/
db) or rats (fa/fa Zucker rats) [8,50,53]. However, in the case of MCH, our results are surprising
because MCH has been reported to be upregulated in both genetic and dietary-induced forms
of obesity [18,40,49] and because decreased gene expression is associated with a lean
phenotype [1,48]. It therefore appears from these data that NPY-SAP induced hyperphagia
and obesity do not require upregulation of either MCH or prepro-orexin genes, or the presence
of NPY/AGRP co-expressing neurons, which are lesioned by the NPY—SAP injection.

One possible explanation for the lack of upregulation of MCH and prepro-orexin genes in our
experiment is that the NPY-SAP injected into the Arc may have diffused into the LHA region
in quantities sufficient to lesion MCH and orexin neurons. Because they express NPY receptors
[14,21,27], these neurons are potential targets of NPY-SAP. However, this seems unlikely due
to the evidence that the NPY-SAP lesions were highly localized in the Arc. Small injection
volumes (50 nl/site) were used. In the DM, which lies dorsal to the Arc and along the tract of
the injector pipette, there was no evidence of significant loss of NPY or POMC/CART gene
expression, although NPY receptor genes are strongly expressed in DM NPY neurons [22].
Even if LHA neurons were lesioned by NPY-SAP, we could still conclude that increased
prepro-orexin and MCH gene expression are not required for the hyperphagic and obesifying
effects of the lesion.

It is also possible that gene overexpression was suppressed in the NPY-SAP lesioned rats by
direct effects of leptin on orexin and MCH neurons. Both cell types express leptin receptors
and both genes are down regulated by leptin. However, while this might explain the effects of
the lesion on orexin and MCH gene expression, it does not explain the underlying mechanisms
of obesity and hyperphagia.

NPY-SAP injection destroyed NPY/AGRP neurons, which innervate and provide a major
source for activation of MCH and orexin neurons [5,17]. However, it is unlikely that loss of
NPY or AGRP is the cause of the NPY-SAP-induced hyperphagia and obesity, since these
peptides are orexigenic and their loss would be likely to decrease rather than increase food
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intake. NPY knockout mice and NPY/AGRP double knockout mice do not become obese, but
exhibit normal body weight and food intake [19,39]. Furthermore, loss of the NPY/AGRP-
expressing neurons themselves, and thus deletion of all neuroactive substances expressed by
these same neurons, is not likely to be the cause of obesity in our experiment. Selective targeted
ablation of NPY/AGRP neurons has been shown to produce a lean, hypophagic phenotype
[3], and selective deletion of these neurons in adult animals causes anorexia and rapid starvation
[23,33,51].

Alternatively, obesity and hyperphagia associated with the NPY—SAP lesion seems more likely
to be a consequence of POMC neuron lesion. Both mice with mutation of the POMC gene
[54] and those with selective ablation of POMC neurons [52] become obese. Loss of POMC
neurons may result in disinhibition of feeding circuitry due to loss of the projections from
CART/POMC neurons. However, the failure of NPY-SAP lesion to upregulate the orexin and
MCH genes in our experiment indicates that these neurons were probably not disinhibited.
Thus, if disinhibition is a cause of hyperphagia and obesity in NPY-SAP lesioned rats, this
effect is not dependent on orexin or MCH neurons.

An interesting possibility is that hindbrain controls of appetite may have contributed to the
hyperphagia and obesity in the NPY-SAP lesioned rats. Previously we reported that Arc NPY—
SAP injections virtually eliminated feeding responses to lateral ventricular injection of leptin
and ghrelin, peptides whose major actions are known to be heavily dependent on NPY/AGRP
and CART/POMC neurons. However, glucoprivic and lipoprivic stimulation of feeding and
glucagon-like peptide-1 and cholecystokinin-induced suppression of feeding, responses not
heavily reliant on NPY/AGRP and CART/POMC neurons, were not impaired. Thus, important
controls of feeding emanating from the hindbrain survive this lesion and may be adequate to
cause hyperphagia and obesity in the absence of modulating influences from hypothalamic
circuitry. It is also possible that in the aftermath of the NPY-SAP lesion, the hindbrain input
to the hypothalamus is re-wired in a way that leads to dysregulation. For example, hypothalamic
neurons are innervated by hindbrain NPY/ catecholamine co-expressing neurons, as well as
by NPY neurons with cell bodies in the Arc [20,45,47]. Our previous study showed that NPY-
immunoreactive fibers and terminals in hypothalamic paraventricular nucleus (PVN) were
significantly reduced 10 days after NPY—SAP injection into Arc [7]. However, several weeks
later, NPY -positive fibers both in Arc and PVN recovered to the levels seen in controls [7],
suggesting post-lesion growth of new terminal processes. Since NPY neurons in the Arc had
been destroyed, we concluded that hindbrain NPY neurons were a likely source of new
hypothalamic terminals [41,42]. In this type of situation, surviving NPY-responsive neurons
in the hypothalamus may be re- innervated after the lesion by different NPY neurons controlled
by different signals, thus resulting in dysregulation of appetite. Additional studies will be
required to shed light on the effects of Arc NPY-SAP lesions on feeding circuits.

Our results show that lesion of NPY receptor-expressing neurons in the Arc causes hyperphagia
that occurs despite profound reduction of Arc neurons containing NPY and AGRP, two major
orexigenic peptides. In addition, the hyperphagia and obesity are not associated with a
compensatory increase in expression of the genes for the lateral hypothalamic orexigenic
peptides, MCH and orexin. The source of the stimulatory drive for feeding in rats with Arc
NPY-SAP lesions remains unknown.
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Body weight gain after NPY—-SAP or B-SAP infusion into the hypothalamus. A, Weekly body
weight (g) changes of male rats after bilateral infusion of NPY-SAP or control blank SAP (B-
SAP) into the basomedial hypothalamus, just dorsal to the Arc. B, Body weight (g) of male
and female rats at the conclusion of the experiment, 10-12 weeks after NPY-SAP or B-SAP
infusion into the hypothalamus. (n = 35 rats for each group; P < 0.005; *P < 0.001; unpaired
t-test vs. B-SAP rats).
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Lietal.

CART

Fig. 2.
Representative images showing expression of NPY and CART mRNA in coronal sections from

hypothalamus (3.3 and 2.8 mm caudal to bregma, respectively). NPY-SAP dramatically
decreased expression of both mRNAs in the Arc, but not in the DM, indicating that the lesion
was localized in the Arc (see quantitative data in Fig. 3). Calibration bar = 0.5 mm.
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Fig. 3.

Expression of hypothalamic NPY mRNA and CART mRNA, as determined by quantification
of optical density. Panel (A) shows NPY mRNA expression in the Arc (left) and the compact
part of DM (right) at different coronal levels. Distance (mm) caudal to bregma is indicated on
the X-axis. Panel (B) shows optical density of CART mRNA expression in the Arc (left) and
DM (right) at different levels caudal to bregma. #P < 0.05; *P < 0.01 (n = 5 for each group;

unpaired t test; vs. B-SAP-infused rats).
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Fig. 4.
Representative images showing expression of MCH and ORX mRNAs in coronal sections

from hypothalamus (3.3 and 2.8 mm caudal to bregma, respectively). NPY-SAP slightly
decreased expression of both mRNAs in the LHA (see quantitative data in Fig. 5). Calibration
bar =0.5 mm.
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Fig. 5.

Expression of MCH and ORX mRNAs in the LHA, as determined by quantitative analysis of
optical density. Panel (A) shows MCH mRNA expression at 3, 3.3 and 3.6 mm caudal to
bregma. Panel (B) shows ORX mRNA expression at 3.3 and 3.6 mm caudal to bregma. #P <
0.05; "P < 0.01 (n = 3-5 rats for each group; unpaired t test; vs. B-SAP-infused rats).
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