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This study was aimed to investigate the changes of
orexin-A (OXA) and neuropeptide Y (NPY) expression in
the hypothalamus of the fasted and high-fat diet fed rats.
For the experiments, the male Sprague-Dawley (SD) rats
were used as the model of high-fat diet-induced obesity.
The mean loss of body weight (MLBW) did not show the
linear pattern during the fasting; from 24 h to 84h of
fastings, the MLBW was not significantly changed. The
numbers of OXA-immunoreactive (IR) neurons were
decreased at 84 h of fasting compared with those in other
five fasting subgroups. The NPY immunoreactivities in
the arcuate nucleus (ARC) and the suprachiasmatic
nucleus (SCN) observed at 84 h of fasting were higher
than that observed at 24h of fasting. The number of
OXA-IR neurons of the LHA (lateral hypothalamic area)
in the high-fat (HF) diet fed group was more increased
than that of the same area in the normal-fat (NF) diet fed
group. The NPY immunoreactivities of the ARC and the
SCN were higher in HF group than those observed in the
same areas of NF group. Based on these results, it is
noteworthy that the decrease of the body weight during
the fast was not proportionate to the time-course,
implicating a possible adaptation of the body for survival
againgt starvation. The HF diet might activate the OXA
and the NPY in the LHA to enhance food intake.
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Introduction

Rising rate of obesity may be caused by the result of
behaviord consequence of modern life; people have easy
access to large amounts of palatable and high calorie food
but they lack physical activity. However, such environment
may affect the people in different ways. Some people are
able to maintain a reasonable balance between energy input
and energy expenditure, while others have a chronic
imbalance that favors energy input, leading to overweight
and obesity. It raises a question; what accounts for these
differences between individua s?

The hypothalamus plays a mgor part in the regulation of
the food intake. For instance, destruction of distinct
hypothaamic regions, particularly the ventromedia nucleus
(VMH) as well as the paraventricular and dorsomedial
nucleus, induced hyperphagia[3,4,8,10,34,45,48]. In contradt,
discrete lesions placed in the latera hypothalamus reduced
food intake [33,47]. The peptides-related actions on the
feeding behavior of the hypothaamus could be divided into
two dassss Corticotropinrdessing factor (CRF), cholecysokinin
(CCK), neurotensin, cocaine- and amphetamine-regulated
transcript, o-melanocyte-stimulating hormone (o-MSH),
and vasopressin are anorexigenic [7,24,27,30], whereas
NPY, gdanin, agouti-related protein (AgRP), melanin-
concentrating hormone (MCH), and the orexins are
orexigenic, which stimulate food intake [16,36,38,46].

OXA (also known as hypocretin 1) isanovel neuropeptide
that is known to be involved in the regulation of food intake
and energy metabolism [18,19,25,36,42]. OXA is a 33
amino-acid peptide with two intramolecular disulfide bonds
in the N-termina region and orexin-B is alinear 28-amino-
acid peptide [18,36]. Prepro-orexin, OXA peptide and the
orexin 2 (OX2) receptor are predominant in the LHA
[18,32,36], a center with a prominent role in feeding
behavior [9]. OXA injected into the LHA stimulates feeding
dose-dependently [19,42] and activates neurons in severd



296  Eun Sung Park et al.

other areasinvolved of the hypothalamusin the regulation of
feeding [28,29]. On the other hand, severa studies reported
other regulatory effects of OXA on the feeding conditions.
For example, Mondal et al. reported that the OXA contents
in the LHA increased after 48 h of fasting, but significantly
decreased in other brain areas [26]. They suggested that
OXA serve as neuromodulators and/or neurotansmitters that
regulate feeding behavior through the interaction with
diverse neura networks [26]. On the contrary, Taheri et al.
reported that the OXA content in hypothalamic regions was
not changed by fasting, suggesting that appetite regulation of
the OXA may not be its main function [43].

NPY is a 36-amino-acid peptide discovered in the
hypothaamus by Tatemoto in 1982 [44]. When NPY was
administered into the paraventricular nucleus of the
hypothaamus, NPY induced obesity with hyperphagia [39,
40]. Many studies suggest that NPY of hypothalamic origin,
primarily produced in the ARC may be involved in the
control of ingestive behavior [5,20,31,35]. Meanwhile,
Kowalski et al. reported that 24 hours of maternd
depriviation of food and water significantly increased the
expression of preproNPY mRNA in pups on postnatal day
(P) 2, P9, P12, and P15 by 14~31%[23].

The present study isto investigate the effect of the high-fat
diet on the expresson of OXA and NPY in the hypothalamus
of the induced SD obese rats as well as the effect of the
fasting on normal SD rats.

Materialsand Methods

Animalsand diets

Mae Sprague-Dawley rats (260-280g B.W., Samtako,
Korea) were individualy housed and maintained on a 12-h
light-dark cycle (lights on a 06:00) a 22+ 2°C with
40~50% relaive humidity. Feed and tap water were
provided ad libitum. The rats were divided into three groups
with containing five rats, respectively; fasting (24, 36, 48,
60, 72 and 84 hs), HF, and NF diet fed groups. The
compositions of the high-fat (30% fat) and normal diets are
shown in Table 1 [13]. The high-fat and normal-fat diets
were given to therats for 14 days for each group.

Tissue preparations

The rats were anesthetized with a mixture of xylazine
hydrochloride (1 mi/kg, Rompun®, Bayer, Korea) and
ketamin hydrochloride (1 mi/kg, Ketamin®, Yuhan, Korea),
and then perfused intracardialy with 0.9% sdline followed
by 4% paraformaldehydein 0.1 M phosphate buffer (PB, pH
7.4). After perfusion, the brains were removed and post-
fixed overnight in the same fixative solution a 4°C, and then
cryoprotected by transferring to 30% sucrose in 0.1 M PB.
All tissueswere frozen in OCT embedding medium (Tissue-
Tek, Sakura Finetek, USA) and stored a —70°C until
cryostat sectioning.

Table 1. Composition of the experimental diets (g/kg)

Constituents Normal-fat diet High-fat diet
Casein 200 200
Corn starch 521 321
Sucrose 100 100
Corn ail 100 100
Lard - 200
Cdlulose 30 30
DL-methionine 2 2
Mineral mix?® 35 35
Vitamin mix” 10 10
Choaline bitartrate 2 2

Grossenergy content
(ko a‘-j’}’g) 4.25 5.20

‘American ingtitute of nutrition (AIN) mineral mix containing (g/kg):
calcium phosphate diabasic 500, sodium chloride 74, potassium citrate
220, potassium sulfate 52, magnesium oxide 24, mangnous carbonate
3.5, ferric citrate 6, zinc carbonate 1.6, cupric carbonate 0.3, potassium
iodate 0.01, sodium selenite 0.01, chrominium potassium sulfate 0.55.
°AIN vitamin mix containing (g/kg): thiamin HCI 0.6, riboflavin 0.6,
pyridoxine HCI 0.7, niacin 3, calcium pantothenate 1.6, folic acid 0.2,
biotin 0.02, vitamin B12 (0.1% trituration in mannitol) 1, dry vitamin A
palmitate (500,000 U/g) 0.8, dry vitamin E acetate (500 U/g) 10, vitamin
D3 trituration (4,000,000 U/g), 0.25, manadione sodium bisulfite
complex 0.15.

Immunohistochemistry

Hypothalamic nuclei were identified by using brain maps
[41]. The brains were cut a 30 um with the cryodtat (Leica
CM1850). The sections were rinsed in free floating with
0.01 M phosphate-buffered saline (PBS, pH 7.4), and then
treated with 0.5% hydrogen peroxide in 0.01 M PBS for
15 min. The sections were washed with 0.01 M PBS five
times for 7 min each, and nonspecific binding sites were
blocked by incubation in 10% normd goat serum in 0.01 M
PBS for 20 min at room temperature. The sections were
incubated with primary antisera, rabbit polyclona orexin-A
antiserum (1 : 2000, Oncogene, USA) or rabbit anti-neuropeptide
tyrosine polyclona antibody (1 : 3000, Chemicon Internationd,
USA) overnight at 4°C. After incubation with the primary
antibodies, the sections were rinsed in 0.0LM PBS five
times for 7min each and incubated for 2h a room
temperature with a secondary antibody (1 : 200, biotinylated
goat anti-rabbit Ilg G, DAKO, Denmark) for 2h at room
temperature, followed by a sreptavidin-HRP (1: 200,
DAKO, Denmark) for 1 h at room temperature. The color
reaction was developed by incubating sections with 0.05%
3 3-diaminobenzidine tetrachloride (DAB, Sigma, USA)
and 0.3% hydrogen peroxide in 0.01 M Tris buffer. The
reaction was stopped by transferring the sections to 0.01 M
PBS. The sections were washed with 0.01M PBS for
35min with five changes. Findly, the sections were
mounted on gelatin-coated glass dides and examined with a
Olympus U-SPT light microscope (Olympus, Japan).
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Fig. 1. Changes of the mean loss body weights in each fasting
subgroup. Data were represented as means+ S.E.M. Five rats
were used in each fasting subgroup. **; p<0.01.
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Fig. 2. Regression model of the mean loss body weights of each
fasting subgroup.

Statistical analysis

Statistical analyses of the data were performed using the
StatView 4.5 (Abacus Concepts, USA) program. Student’st
test was used for comparison of the two groups. In case of
more than three groups, the datistical sgnificance of
differences was assessed by one-way ANOVA followed by
Bonferroni-Dunnett’stest. Results were represented as mean
S.E.M. Differences were considered significant for p < 0.05.

Results

Changes of mean loss body weight in the fasting group

In the fasting group, the mean loss body weight (MLBW)
of each subgroup (24, 36, 48, 60, 72, and 84 hs) were 13.9 +
08g,21.1+11¢g, 2031039, 23.8+05¢, 24.7+1.7g,
and 33.2 £ 0.6 g, respectively (Fig. 1). Therewas asgnificant
differencein MLBW between 24 h and 36 h of fastings, and
between 72h and 84 h of fagtings (p<0.01, Fig. 1). The
regression modd of the MLBW showed a sgmoida shape
instead of alinear onefor thefasting (Fig. 2).
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Fig. 3. Comparison of the mean body weight gain of the high-fat
and normal-fat diet fed groups. Data were represented as means
+ S.E.M. Fiverats were used in each group. *; p<0.05.
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Fig. 4. Comparison of the mean food intake of the high-fat and
normal-fat diet fed groups. Data represent means+ S.E.M. Five
rats were used in each group. *; p<0.05.
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Changes of mean body weight gain and mean food
intake in the high-fat and normal-fat diet fed groups

In the high-fat diet fed group, the mean body weight
(MBW) increased from 229.9+ 1.5g to 335.3+ 4.9 g, and
the MBW gain was 105.4 + 4.2 g. In the normal diet fed
group, the MBW increased from 226.7+ 1.6g to 311.6
7.2 g, and the MBW gain was 84.9+ 5.6 g (Fig. 3). There
was asignificant difference in the mean food intake between
the high-fat and normal-fat diet fed groups (p < 0.05, Fig. 4).

Expression of OXA- and NPY- immunoreactivities in
the fasting group

In the fasting group, OXA-IR neurons were confined in
the LHA (bregma —2.45 ~-2.85). The OXA-IR neurons
were 13 to 30 um in size, and multipolar and fusiform in
shape. The neurons typicaly gave rise to 2~3 primary
dendrites (Fig. 6). The NPY-IR neurons were observed in
the ARC and the NPY-IR fibers in the SCN (Fig. 8). The
NPY -IR neuronswere 5 to 10 pmin sizeand mainly oval in
shape (Fig. 8).

The mean number of OXA-IR neuronsin the LHA of the
fasting subgroups was 97.9+5.2, 94.7+£99, 96.0+5.3,



298  Eun Sung Park et al.

E Gb
Fig. 5. Phatomicrographs of the OXA-IR neuronsinthe LHA in

each fasting subgroup. A; 24 h,B; 36 h, C; 48h, D; 60 h, E; 72 h,
F; 84 h, Bar = 300 um.

94.4+28,90.2+ 3.2, and 51.0+ 4.6. in 24, 36, 48, 60, 72,
and 84 hs of fadting, respectively (Figs. 5 and 6). The mean
numbers of OXA-IR cells of the LHA showed a significant
decrease in 84 h fasting group compared with the other
fasting groups (p < 0.01, Fig. 7). Using densitometry, NPY
immunoreactivity per unit areain the ARC (0.01 mm’) was
679109 and 889+0.6 in 24h and 84h of fadtings,
respectively (Figs. 8A, B and 9). In the SCN, NPY
immunoreactivity per unit area (0.01 mnv’) was 77.8+ 3.8
and 88.9+26 in 24h and 84 h of fadtings, respectively
(Figs. 8C, D and 10).

Expression of OXA- and NPY- immunoreactivities in
the high-fat and normal diet fed groups

In the HF and NF diet fed groups, the OXA-IR neurons
were observed in the LHA, and they were 13 to 30 um in
size and multipolar to fusiform in shape (Fig. 11). On the
other hand, the NPY-IR cells were 5 to 10 um in size and
mainly oval in shape in the ARC (Fig. 13). The mean
numbers of OXA-IR neurons in the LHA was 104.3+ 6.2
and 684+53, respectively, representing a significant
difference between the mean numbers of OXA-IR neurons
in the latera hypothalami of the HF and the NF diet fed
groups (p<0.01, Figs. 11 and 12). NPY immunoreactivity
of the ARC and the SCN was denser in the HF than in the
same aress of the NF diet fed groups (Fig. 13). Inthe ARC,
the mean NPY immunoreactivities of the HF and NF diet

Fig. 6. Higher magnifications of Fig. 5; the OXA-IR
the LHA in each fasting subgroup. A; 24 h, B;
60 h, E; 72 h, F; 84 h, Bar = 50 um.
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Fig. 7. The mean numbers of OXA-IR neuronsin the LHA of
each fasting subgroup. Bar not sharing a common letter was
significantly different. p<0.01.

fed groups were 83.2 + 1.6 and 70.2 + 2.8, respectively, and
823+ 23 and 51.1+ 1.0 in the SCN, respectively. These
results indicate that there was a significant difference in the
mean NPY immunoreactivity of the ARC and the SCN
between the HF and NF diet fed groups (p < 0.01, Figs. 14
and 15).

Discussion

The present study was aimed to understand the changes of
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Fig. 8. Photomicrographs of the NPY immunoreactivity in the
ARC and SCN in each fasting subgroup. The rectangle of B isa
higher magnification of the NPY-IR neuron in the ARC (Bar =
10 um). A and C; 24 h fasting, B and D; 84 h fasting. V; 3rd
ventricle, Opt ; optic chiasm. Bar = 100 um.
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Fig. 9. The mean NPY immunoreactivity in the ARC of each
fasting subgroup. **; p<0.01.

the OXA and NPY expressions in the hypothalamus of the
fasted and high-fat diet induced obese rats. It was proposed
that, among the variety of orexigenic peptides in the
hypothaamus, OXA and NPY might play a pivotal role in
the weight-gain or obesity.

Starvation is athreat to homeostasis that triggers adaptive
responses [11,12,15,17,37]. Food deprivation for 2, 3, and 4
days decreased body weight by 15, 20, and 26% of theinitia
body weight in the maerats, respectively [36]. Ahimaet al.,
also, reported that depriving male mice of food for 48 h
caused a 16% fall of body weight [1]. In this study, the body
weights of the male ratsin 24, 36, 48, 60, 72, and 84 hs of
fastings decreased by 5.9, 8.3, 8.4, 9.3, 10.2, and 13.2% of
the initial body weight, respectively. In particular, athough
the result of Sahu et al.'s[35] wassimilar to that of Ahimaet
al’s [1] in the food deprivation for 48 h, the result of the
present study showed that the fasting for 48 hs decreased
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Fig. 10. The mean NPY immunoreactivity in the SCN of each
fasting subgroup. *; p<0.05.
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Fig. 11. Photomicrographs of the OXA-IR cells in the LHA
(bregma —2.45~-2.85) of the HF (A and B) and NF (C and D)
diet fed groups. B and D; higher magnifications of A and C. Bar
in C =300 um, bar in D =100 um.

body weight by 8.4% of the initial body weight. The reason
of the lower decrease rate of the body weight for the similar
fagting preriod reported by Sahu et al’s [35] may be the
difference of theinitia body weights.

It is noteworthy that the decrease of the body weight from
fasting was not proportionate to the time-course, that is, the
tendency of the decrease of the body weight during fasting
was not linear but sigmoid in shape. This means that the
fagting rats may adapt themsdves to the starvation for
survival.

Monda et al. [26] reported that, after 48 h of fasting, the
OXA and OXB contents of the LHA tended to increase as
compared with the fed control rats. Also, rat hypothalamic
prepro-orexin mMRNA was up-regulated by 2.4-fold after
48 h fasting [36]. However, Taheri et al. reported that no
significant difference in the content of the OXA was
observed in any hypothalamic region of 48 h-fasted male
rats compared with the fed control [43]. In the present study,
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Fig. 12. The mean numbers of OXA-IR neurons in the LHA of
the HF and NF diet fed groups. *; p<0.01.
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Fig. 13. Photomicrographs of the NPY immunoreactivity in the
ARC and SCN in the HF (A and C) and NF (B and D) diet fed
groups. The rectangle of A shows a higher magnification of
NPY-IR neuron in the ARC (Bar=10 um). V; 3rd ventricle, Opt;
optic chiasm. Bar=100 um.

amogt al OXA-IR neurons were distributed bilateraly in
the LHA at theleve of median eminence (bregma—2.45~—
2.85); a few podtive neurons were aso noted in the
dorsomedial hypothalamus adjacent to the 3rd ventricle. The
number of the OXA-IR neurons of the LHA increased at the
24, 36, 48, 60, and 72 hs fastings compared with the fed
control. On the other hand, at 84 h of fasting, the number of
the OXA-IR neurons of the LHA decreased when compared
with the fed control rats. Although there is a difference
between the present results and those of Mondal et al. [26]
in terms of the number and the contents of the OXA-IR
neurons, the increase-tendency in the number of the OXA-
IR neurons in the LHA of the fasting rats was consistent
with the result of Mondal et al.'s[26]. In this study, from 24
h to 72 h of fastings, the number of OXA-IR neuronsin the
LHA was not significantly different, while the number of
OXA-IR neurons was significantly decreased in 84 h of
fasting rats.
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Fig. 14. The mean NPY immunoreactivity in the ARC of the HF
and NF diet fed groups. **; p<0.01.
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Fig. 15. The mean NPY immunoreactivity in the SCN of the HF
and NF diet fed groups. **; p<0.01.

NPY immunoreactivity in the SCN

In the ARC, a site rich in NPY-producing perikarya, no
change in NPY levels has been reported at day 2, but its
levelsrose significantly at day 3 and 4 after food deprivation
[2514,21,22,35]. In the present study, the NPY
immunoresactivity of the ARC and SCN at 84 h of fasting
increesed compared with that of 24h of fasting. It is
consstent with the fact that a reduction in blood levels of
leptin resulting from the fasting is detected by NPY neurons
in the ARC and then these NPY neurons actively expresses
NPY [6]. At present, it is difficult to interpret the facts that
the NPY immunoreectivity of the SCN at 84 h of fasting
was denser than that of 24 h of fagting, athough the SCN
has been aready known as a site related to the circardian
rhythm.

Taheri et al. [43] reported that no significant differencein
the hypothaamic content of the OXA between the high-fat
(45% fat) fed and low-fat fed control male Wistar rats (25.0
+20 versus 21.3+20), despite a sgnificantly greater
average of body weight gain in the high-fat fed group (104 g
versus 84.9 g, p < 0.001). Also, hypothalamic orexin mRNA
expression was similar in the high (44.9% fat) and low (10%
fat)-fat fed male C57BL/6J mice at dl time points (1 day, 2,
7, 14 days) [49]. However, in the present study, the numbers
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of the OXA-IR neuronsin the LHA of the high-fat (30% fat)
diet fed rats increased when compared with that of the
normal-fat diet fed rats. On the other hand, Ziotopoulou et
al. reported that after 2 days of high-fat feeding,
NPYmMRNA levels were significantly decreased both high-
fat groups when compared with the low-fat fed group [49].
However, dfter 7 days, the expresson of NPYmMRNA
returned to basdline and remained similar in the high-fat and
low-fat groups at 14 days. However, in this study, the NPY
immunoreactivity in the ARC and SCN of the HF diet fed
rats was denser than that in the same sites of the NF fed rets.
These results suggest that the decrease of the body weight
during the fasting was not proportionate to the time-course,
implicating a possible adaptation of the body to starvation
for survival. The increase of NPY expression in the ARC
may be stimulated by the decrease of leptin in blood a 84 h
of fasting, but not on the OXA. The expression of OXA and
NPY may rise with obesity on afat-rich diet. Thus high-fat
appears to be a necessary component in the increased
expression of OXA and NPY of the hypothadamus.
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