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ABSTRACT

The present study was conducted to identify the mechanism about the regulation of appetite by examining the expression
patterns of neuropeptide Y in the hypothalamus of mice either fasting mouse for 24 hours or with anorexia mutant mouse. In order
to investigate the patterns of expression of neuropeptide Y, immunohistochemistry was employed for measurements at the tissue
level, along with the molecular biological techniques of reverse transcription polymerase chain reaction(RT-PCR) and dot blomng
The results of this study arc as follows. The level of expression of neuropeptide Y, a neuropeptide known to enhance appetite, was
shown to be lowered in the arcuate nucleus(ARC), paraventricular nucleus(PVN), lateral hypothalamic area(1.HA), and dorsomedial
hypothalamic nucleus(DMN) in both the fasting and anorexia mutant groups when measured via immunohistochemistry, a tissue-
level method. RT-PCR and dot blotting, the molecular biological methods employed in this study, revealed that the level of
neuropeptide Y mRNA in the entire hypothalamus was similar in the control and fasting groups and lower in the anorexia mutant
group. The results of the present study showed that while the levels of expression of the neuropeptide Y in the various hypothalamic
regions studied did not exhibit regular increases or decreases when measured immunohistochemically. But the entire hypothalamus
via molecular biological methods showed that the changes in these levels were more definite in the anorexia mutant group than in
the fasting group. (Korean J Nutrition 34(7) © 727~733, 2001)
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&8 ©93slo] ARCS LHA 992 F2 M0 ¥

132 443k, VMN, DMN, SCN 992 445
H 235 AdsA 248, PVN 99L& 414
gho] AF 7t 2k Gl Aol WA ”

o5 F A&FW A #BAqshe diEAQl EHLS
neuropeptide YEH 36749 olu]izato g FAE 0} glar,
L2AGA L FFAHA BT ddst A8 4 AT =
Aol 783 QTS 3 53] ¥ A\ sl s wol
By 5o} e} ? 71Ee) Q1B 9Jsh 4U7 HAEel &
w . AJAFsHE] neuropeptide Y ¥Hao] Frksta AA §
thA] 244 # S 3P neuropeptide YO 0] o2
385 Aol BaH Ut

Neuropeptide Y& A8 99 & ARC 49lA A
A o] PUNS £33 b Aldeht 99e B3 g4t
she A0 RuHm ok o] A4E ey A8
A Billington 5 & 719 PVN 9% neuropeptide Y&
FAbste] AAAFIE FaEE d4E AR A7
o2 8o Zylete HAsIA. EF Williams 5%
Wilding §"& &4 AR o} 43S sk B A9
24 vk AF (oblob mouse)lA neuropeptide Y mRNA
9] ofo] Zr}y)o] U-&-& Btgltt. o213 AFE neu-
ropeptide Y7} 21 &Z7}e} @@ o] Sl&-¢) mRNA &
oA 1= At}

B A= neuropeptide Y9 4]€%7} 7155 23 414
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1. MYUFE Y AEETY

B 3o o] 3 4857 Edo] AF= 2 FAA
agouti locus 20cMe} Ed®o] AAR " Jackson La-
boratory(USA) Z5-E] 741& & %49 heterozygous br-
eeder(B6C3Fe~a/a—anx A/" a, anx/ )& WHIA|A &4
st homozygous 2]&%-7 (anx/anx) AAF olt}. A&8FX
Eddo] AR 24 7Y $5EH A Aol AdtH
I 16 75E wAAAAQ] #E AAAA, HaE, v

Hx23 B So] Fal3hA JepHA A&o] 7hasla A
o] -2 22l wild typed heterozygous typed] HF
ol3tZ o A= &4 F 19YolA 26U Alolo] 7loptE
7b "oy ZEr.” ol#d ERES VFor AF 351
olf719 AF (anorexia) F APTS AT, WY
Z2A 313 Adoae 4850 Sl gute], wild
types 24417k AAAZ i (fasting) 89+, wild type U
%5 (control) 87} 2 o] o] % 4] 2o| het Ml PS
3931, RNA #2815 $lajM 7F 15d 2 4riede] &
S v skt

2. 28N

EtherZ n}3st 8559 §4& 93 A4 A&
%31 0.05M 4k 52 B(phosphate buffered sa-
line, PBS)E lcc AR 187 Fsted, dolo] 2hAls]
AAE T 0.1M 14+ 2h35-8-H(phosphate buffer, PB)<ll
%91 4% paraformaldehyde(PFA) £ 1087 35
3, FHEEE 50~60ml/mino.& &t &5 i
£ 4% PFA<) 2714 4TAA 12~16A17F A4 & nA s
Aok A o 23 =AU AAskE 7] fsiA 30%
sucrose &l 2~5U7F F A7l F microtome(Leica,
NuBloch, Germany)& ©]-4-3}e] 40um FAZ 2=t A%
A(30% glycerin, 30% ethylene glycol, 10% 0.2M PB)
o 10342 WA R Aste] ARSI

3. MY XSO (IHC)

Az 231ePE & oMol By WHO AR (free
floating method) & o83ttt " BAstaAE = H¢
9] ZAAHAE 0.06M PBSZE A& 3 1% H,0,= ¥Hg-
ANA WA peroxidaseE BIRAPSAYI THA] 0.05M
PBS& A|&sldt} 10% gout serum, 1% bovine serum
albumin(BSA) 883} vH-gA|A v]5o)3 At AAZ
% neuropeptide Y 12 &4 &9 (DiaSorin, cat. No.
22940, USA)& Ar£-oll A 24417 WES-AIFH T PBSE A
# % 22} gA] 8 (Vector Lab. Inc., USA)IA] 1A17E
(A2) ¥kgA7]1 avidin-biotin peroxidase complex
{Vectastain-Elite ABC kit, Vector Laboratories, Inc.,
USA) &0z A4 1417+ ¥+8 F PBSE AlH3st
Al 3,3'-diaminobenzidine(DAB) 2.2 g-&ol|lA 5&
7 2%k 3 PBSE Al se] AMRkg-& FAAZCH W
Mo &g 222 gelatin-coated slidedll ethanol®] ¥
Z AxHog ZAA(T0~100%) 31931, xylenel
72 FEu3tAA polymount® 5-4akdt}. Neuropeptide
Yol Aol Wwre-g uel ARAEY AFEFEL W
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4. TN 3B 22 AN S(RT-PCR)

1) 3 RNA 23

RNA ¥z AAdeld-a 7t 15 s oA RNA zol
B(TEL-TEST. Inc.., USA) & #7}8lo} wtds}alqdv. +f
Holo] HRR¥ES Hypsla, Aol 587 Wg &
12.000 x gcﬂw 1587 9alve 3 4% % ot s
o] olaXgzvhss 78 Fo4colA 1587 whAlskc).
ChA 12,000 x gol M 1581 LARRe 3, F RNAH
&390 RNA9) wliis B 60nm°ﬂ*1 =
et
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2) QUM F oINS S
et & RNAoﬂ IAALEAE Yo CDNA T “,Hf": <
primerg o|-&3}e] PCR° A]ﬂﬂo}&i
" % RNA&3} oligodT primerZ, 65 C°ﬂ A 1087
nk8-2171 %ol avian myeloblastosis virus(AMV) &4
AbE 4, RNAasin 14, 10mM dNTP, 5 X buffer& %7}
ste] 42°CAAM 142F ¥HEATA cDNAE At

PCR<- PCR #H&3}7] Al (Perkin Elmer 9600, USA)<|
Ay template® ¢DNA, Tag polymerase, dNTP. sense
primer. antisense primer, 10 X buffer ¢ go]&4&
Hrpsted & wkg-gN8 30p2 3irt. neuropeptide
T 94CoA 5E7F 18], 94T oA 30%, 58TlA 30%,
72ToNA 3024 408] wHS-A7)5L T2TAIA 587 18] A
Bt 5, 1.2% g AM AVFE3dT U 15 E
A2 glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) #3112 cDNAY] AdR-& e oz 243
ZE35}9] neuropeptide Y XA HAAEE WA}
GAPDH$} neuropeptide Y2| primert: Genbankdl %
59 A7IME S Faste Azed. " RT-PCRE 4
Halr] st 7} cycled® FE3e] (21, 24, 27. 30, 33,
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5. R 2X9(Dot blotting)

w2}t & RNASA GAPDHS®} neuropeptide Y %1
A% probei THio] o9 Wd g mabslsiy). BE A
o o] &&= AJoF ZA| Aol gol4= tlalel| RNase free
water! 0.1% diethyl pyrocarbonate(DEPC) water
AHE-EFIE

1) BAIE probe ZH|

GAPDH. necuropeptide Y 425 385212 44
probe® TH:7] 98] 2}7he) cDNARRE Y88 FE3)
o} A& FHRHGAPDH 324bp. neuropeptide Y 146bp)
& geldl 2ol Gel % kit{QIAEX 1I. Cat. No. 20051,
Germany) & o]-838te] BjA A5t} o9} o] #alA
A gk FRAE s|Aste] 5T rtEste] WAl & AL
of W&ttt Nucleotide mix 10p, random primer
5u, #4dEl DNA 50ng. Klenow enzyme solution 5
units/HE #7kste] & Favb 50p= wHEe] 37°CelA
1AIZHEQF ¥E3- A1 tHGene Images random prime la-
belling module, Cat. No. RPN 3540, Amersham Ph-
armacia Biotech, NJ, USA).

2) RNA M=

% RNA¥ 10 x MEA(0.2M MOPS. 50mM sodium
acetate pH 7.0, 10mM EDTA): formaldehyde: for-
mamide = 1 1.8 : 53 ¢|Fo}3 buffer= RNAE Suj&
s4stel 65TAIA 1557 71ste] Qg wASHYL,
et zro] FHjE RNAE 433 A7]2 22
(nylon membrane)®ll "o # o},

3) RNA 1%
RNAE nylon F#Ael 14st7] falX UV cross-
linker& o] &38to] 28-7F ¥h-g- "] 23

4) RPEY

RNAZ} 749 &322 probeste] RIALE 93l
Hybrisol I{Oncor, Cat. No. S4040, MD, USA: 50%
formamide, 10% dextran sulfate, 1% SDS. blocking
reagents) 5ml& 65ColA d|¥A|#A FHIEaL, probet
100ToAA 108-3F o HAAI 3 Lol RUT7) &4
g Hybrisol I 5mlell probe 10p1E ¥ 3 RNA7F uA4s

FARE HAHCZ 7 65T hybridization ovendl &5
g} ¥k-8-A]Z T}k Hybridization ¥H&-o] 2yt ZAA & gl
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G171 X SSC/0.1% SDSEY, 0.2 x SSC/0.1% SDS  key’s multipe range test® ARG o0 Adys
&4 o7 1583 65TAA AAsrt. T349] Zoli= Student’s ttest®2 HAEsAT}.

-

5) d &(Detection)

AlFo]l B & liquid blocking agent® 1: 1008 3|4
3k Bololl A 1AIZFE MBS Buffer Aol 0.5% BSA
7} 54 A7¥sle] anti-fluorescein-AP conjuate(500081)
E 1W/ml2 8A5ked (848 + 0.5% BSA) Aol A
1Al 7HE o) vl8.z }oi‘f} be| cl-qu oro comugate"‘ 11]71:6}
7] falA. E)Agol 4+ 0.3% Tween 209 goox A
stk AlE o] o FaHKof dololiz Al A olg Huw
glollar vdal oo E24% L% detection agent
FAAOl ImlAE W 2~557F NS-A I 53 o)
CRA] F3bell ol 9liz detection agentitr A A&k &
A7} vk Foff v WS A kol Sealing¥] vl
WS Ao #olir AEG 24 Yol JoolA]
15~30% 7} autoradiographi+ 8lglv}, 158 $of 3 ?L
Ao HAatsle] 7S Belgtar AHE RS 7
3lo] @Al tHGene Images CDP-star detection
module, Cat. No. RPN 3510, NJ, USA).

6. FHEN Ale] v s
FAIM e SAS(Statistic Analysis System) program& vt B ZF S Al9] ¢
o|&3&te] one-way ANOVAS A3 §oAde Tu- Al &9t
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Fig. 1. Neuropeptide Y-like immu-
noreactivity in the ARC and PVN
of hypothalamus. Scale bars = 100
pm, ARC: arcuate nucleus, PVN:
paraventricular nucleus, C: control,
F: fasting, A: anorexia mutant mice.
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Table 1. Mean values of neuropeptide Y-like immunoreactivity at
the various regions of hypothalamus in experimental groups

Study groups Control Fasting Anorexia
Regions (n = 8) {n = 8) (n = 8)
ARC 941 + 0.8° 727 +2.0° 796 + 41"
PVN 727 4+ 1.9 711 1.0 70,6 + 3.1
LHA 58.8 = 48 50.8 + 2.3 56.8 + 1.7
DMN 923 £ 58 823 + 5.6 90.3 + 6.7

Data are represented as mean + standard error

ARC: arcuate nucleus, PVN: paraventricular nucleus, LHA:
hypothalamic area, DMN: dorsomedial hypothalamic nucleus
a,b: means followed by the same letter in line are not significantly,
different at the p < 0.05 using Tukey's multiple range test
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Fig. 2. Neuropeptide Y-like immuno-
reactivty in the LHA and DMN of hy-
pothalamus. Scale bars = 100um,
LHA: lateral hypothalamic nucleus,
DMN:  dorsomedial hypothalamic
nucteus, C: control, F: fasting, A:
anorexia mutant mice.
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RT-PCR

Neuropeptide Y

Dot Blotting

GAPDH

Fig. 3. Expression of neuropeptide Y mRNA in
the hypothalamus was analyzed-by RT-PCR and
dot blotting. GAPDH: glyceraldehyde-3-phos-

C F A C

phate dehydrogenase, C: control, F: fasting, A
anorexia mutant mice.

Table 2. Relative values of neuropeptide Y mRNA determined by
RT-PCR and dot-blotting

Control Fasting Anorexia

(n=4) n=4) (n = 4)
RT-PCR 100 96.7 + 6.1 78.1 + 4.0
Dot-blotting 100 920 = 0.7 88.3 + 0.2*

Values from the control group are used as the reference(100%),
and relative values of the fasting and anorexia mutant mice are sig-
nificantly different from each other, with *p < 0.05 as determined
by Student's t-test

AT7F A T2AR
oS AQEta o2

e AAAHEY H9) striatum <

g9l A neuropeptide Y| FF0]
Z7hE T R Uk ® Pages $7 48A1F, 72417
& H2 A7l Fof 9 cortex. hippocampus. striatum
Al H-2-2] neuropeptide Y &8 ZAMg A7 4847k 4
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o]9)ol &= neuropeptide Y A1 E}o] =+
A wge ATEe AYHw ¢rh. Sahu 5”& neurope-
ptide Y7} 2143 E 5171 2ol PVNolA Bo] S7HHx
Z718 neuropeptide Yo B2 52415 AF s Had
thx 8l aL, ©]E neuropeptide Y7} ollui=] 2] At E

A 2245 Y5 YAH R ASee EAYS At
Qo) =3 Ao ugkgk TE9 75 neurope-
ptide Y7} S7t=o], AR 24 (brown adipose tis-
sue)d) A4S %‘Z‘:f‘] 713 Q&9 FHE Frievta o
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(serotonin selective reuptake inhibitor: SSRD?! flu-
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A9 B Ago] gAaEal, AldsHtelA 53] PYNY
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& ol5 8|9t Al zhz)e) Heotel #A) HT
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AEHAT, dPhEoRE SR 24 AAAZ]
AF FrAA R AERATE T D Hold AAE
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Ao} By PFe A FEoAe] BEd HAxA s
by} SR FEoA el #EQ A E AN
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