A AR SEIER R RM ATV
7RV,
AR, fha T, BYFEBRREL NS
2, BCAA DA > R U I B £ 48
L7,

B. WFEHIE
YRFHEA KB POBECTROE

WA= T 128 %%1%8 L L1,
it . Fic 2 1A 4715 )

@ 7 A /v AMABYERF R BB E

@ EFERBSREATHIICHLEDLS
FAET AT I U MffE (3.5-4.0g/dL)
RO DHH

[Bxs L FRROWTFh IS T 5%]

O FrHEREZ R 5

2 MEKRERDLH

@ FFHIRE 23R8 5 3

@ BLresEbsHE

HREICBCAA BEHEERS(T ) 7 4—1"%,

HETEbE, HR) (F 1) 2 84 90 [ [

H¥eh Uiz, 30 HEIC S AE#], Ak

i, MiEAELERE 21TV, BCAA A&

DA A AP RIE TR EA AR

BB IC TR LT,

(B ~ DB )
AFEDODHEARABTIZI~ANV U FEE
(19765 4) ICHEL TE Y . ABXKKEHE
ZRSIZTEARREZITTWS, WWENE %
+oricimBA L, FEHICTHREOELNLE
FEREL Lz, AFETIE, BFEOH
W B DERUEFEENT O LETR
FAEITMZ . EADEEDTE A1 (1D,
KA4) (3, BEEL, 774 30 —0R#

(CHEBEL;-, £/, AFEICLDBLRE
F—H (IARB O BRLAHZITRIH LT

7o,

#1 BCAAE i oMl(73/74—1"%)

BCAAs 32000 mg
Valine 8000 mg
Leucine 1600.0 mg
Isoleucine 800.0 mg
Caicium 21 mg
Magnesium 126 mg
Zinc 50 mg
Cupper 02 mg
Selenium 496 ug
Chromium 144 ug
Pantothenic acid calcium 6.8 mg
Vitamin A 3150 g
Vitamin B1 24 mg
Vitamin B2 26 mg
Vitamin B6 24 mg
Vitamin B12 10.0 ug
Folic acid 0.2 mg
Vitamin C 40.0 mg
Vitamin D3 3.0 yg
Vitamin E 6.4 mg
Vitamin K2 296 wg
Niacin 120 mg
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Med 2008;22:105-112.
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COM) 4523 42811 935 338,57
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Mann  pg05 PC0.05  P<0.01  P<0.05
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Abstract

Ghrelin is an endogenous ligand for the growth hormone gogue receptor that is synthesized predominantly in the stomach. Previous
studies demonstrated that ghrelin stimulates growth hormone release and food intake. These data suggested that antagonism of ghrelin could serve
as a useful treatment for eating disorders and obesity. To study the role of endogenous ghrelin in feeding performance further, we generated
ghrelin-deficient (ghr") mice. Unexpectedly, ghri™" mice exhibited normal growth, cumulative food intake, reproduction, histological
characters, and serum parameters. There were no differences in feeding patterns between ghr!™"* and ghri ™" mice. Ghel™ mice displayed normal
responses 1o scheduled feedings as seen for ghri™”* mice. Memory-related feeding performances of ghri™ mice were indistinguishable from
ghrl™" littermates. These data indicate that ghrelin is not critical for feeding performance.
© 2007 Elsevier B.V. All rights reserved.

Keywords: Ghrelin knockout mouse; Feeding pattern; Memory

Contents
l. Introduction. . . .. .« oo vu cn s s S WA AT WL WD S T S S B el RO R s0d ee pe eI L s e e 8
2. Matenals and nmhoda ........................................................ 8
Tl AnTRRlONIE . vk siv rE v e mleleleid e e se w0 die e B Fle acEretE puale aie N AT N §E R W e 8
22 Genemtionof ghel ™ mice . ., .. .. ... ..... e M = e g N = 8
Z23. Preperntion to S and BLISA: +-: ocie ave wd wis wd 506 950 siie a5 woelace we e Be w06 a8 S0p N e e e e e 8
24 Immunohistochemistry. . . . . . .. c il i e e e e e e e e e s Sl R R Rl earETRE D
2.5. 'The analysis of feeding pesformance BRA MIBMIOTY . . . o . ¢ 2 v v v v s o v s s sm s s 5458 06 v b beawonaoss 8
26 SHGEHOALBOGIVES o 5o 55 s we Fieie e 400 BN WG RGBS R B PGTe T RA R R MR S WL b W8 e e 8
3. BewMes oo o va b 05 b 04 0N SamAe e we RS RN 308 M L8 DR OSEUETRRUEM R BEE LN R R R IR eI mTe 8
3.1.  Target disruption of the ghrl locus . . . . . . . . .. S 3% At #6 Ty i NI NY R e S 0 T g U 8
3.2, Feeding pattern of ghrl™ MICE. « . . . o 0t e e e e e 9
3.3. Adaptation capability to negative energy states of ghrl™™ mice. . . . .. ... 9
34. Memory-related feeding performances of ghrl™ MICE . . . . .. ..o e e e e s 10
4, DISCUBEION . . . v von sn 400 =6 46 moe s ge s e mia aia Bk B e Eow E sa mcw am waw Ea EE BN N RN Y e e 10
Acknowledgments . . . . . . . . . .. 155 T RN, B4 GEE R0 S S EOR SHE (e S (W IR SR B G R S R e e 1
ReFeremions o - oo 2 bl B B8 a0 d Wil DG 0 W N e e s R he e ek Bl Na A e e e W e e e et e e 11

* Corresponding suthors. Tel.: +81 942 37 6313; fax: +81 942 3] 5212,
E-mall address: mkojimarilsi kunime-wac jp (M. Kojima),

0167-0115/3 - see front matter © 2007 Elsevier B.V. All rights reserved.
dou: 10, 10164 regpep 2007 .09.010



] T. Sato et al / Regulatory Peptides 145 2008) 7-11

1. Introduction

Ghrelin is an endogenous ligand for the growth hormone
secretagogue receptor (GHS-R) [I]. Ghrelin is primarily
released from the stomach, but is also secreted from the
duodenum and pancreas |1,2]. Peripherally-produced ghrelin
influences pituitary hormone secretion, appetite, metabolism,
gastrointestinal function, cardiovascular performance, and
immune responses. Recently, we characterized ghrelin within
the rat hypothalamus [3]; the physiological role(s) of ghrelin
secreted from the hypothalamus, however, remains unclear.

Histological analysis indicated that ghrelin receptors localize
to a variety of brain regions, including the suprachiasmatic
nucleus (SCN) and arcuate nucleus (Arc) within the hypothal-
amus and the hippocampus [4]. The SCN is important region
functioning in the regulation of circadian rhythms, while the
Arc plays a primary role in feeding control. The hippocampus
has a central role in the regulation of memory. Hypothalamic
ghrelin also localizes 1o the Arc [3]; intracerebroventricular
injection of ghrelin induces gene expression of neuropeptide Y
and agouti-related peptide and impairs the electrical activity of
proopiomelanocortin neurons |5 8]. These results indicate that
hypothalamic ghrelin regulates feeding patterns and memory
related to feeding.

In this study, we sought to investigate if ghrelin regulates
feeding performances by generating ghrelin knockout mice.

2. Materials and methods
2.1 Animal care

All animal protocols were approved by the Ethical Com-
mittee for the Research of Life Science of Kurume University.
All mice were housed in a 7 a.m. to 7 p.n. light cyele. All
experiments were performed with Fé littermate pairs; mice were
individually caged during experiments,

2.2, Generation of ghrl™"™ mice

These animals will be described in detail in another report.
All exons were replaced by a neo cassetie. Targeted ES cells and
resultant wild-type (ghrl™"), heterozygous (ghr/""), and
homozygous (ghrl” ™) pups were genotyped by Southemn blot
analysis using a 5'-probe, 3"-probe, and exon probe.

2.3, Preparation 1o tissue and ELISA

To confirm the absence of ghrelin from the stomachs of
ghrl™™ mice, tissues were quickly removed after mice were
sacrificed. Each sample was diced and boiled for S min ina 10-
fold volume of water to inactive intrinsic proteases. Afier
cooling, solutions were adjusted to final concentrations of | M
AcOH and 20 mM HCL Tissues were homogemzed with a
Polytron mixer; after centrifugation at 15,000 rpm for 10 min,
supernatants were loaded onto Sep-Pak C18 cartridges (Waters.
Milford, MA). Cartridges were then washed in 0.9% NaCl and
10% CHLCN/0.1% TFA before bound peptide was eluted with

60% CHiCN/0.1% TFA. The eluate was lyophilized and
analyzed using an active ghrelin ELISA Kit (Mitsubishi Kagaku
fatron, Inc., Tokyo. Japan).

2.4, Immunohistochemistry

Mice was perfused with 4% PFA solution and embedded in
paraffin. Immunohistochemical staining of ghrelin was per-
formed using the avidin-biotinylated-enzyme complex (ABC)
method in conjunction with a VECTASTAIN ABC-PO kit
(Vector Laboratories Inc., Burlingame, CA). Immunostaining
was performed as previously described [3.9]. Briefly, sections
were deparaffinized in xylene and a graded series of ethanol.
Sections were then pretreated with 3% hydrogen peroxide in
methanol for 5 min to endogenous peroxidase activity. After
rinsing with PBS, sections were treated for 30 min with 1.5%
normal goat serum, then incubated with polyclonal rabbit anti-
ghrelin antibody (#6-6; diluted 1:80,000) for 16 h at 4 °C.
Sections were rinsed in PBS and incubated with biotinylated
anti-rabbit 1gG for 40 min. After rinsing in PBS, sections were
incubated with avidin-biotinylated regents for 1 h. Sections
were visualized with DAB solution (DAKO, Kyoto, Japan),

2.5. The analysis of feeding performance and memory

Ghrl”™ mice were housed in a K2-CABIN apparatus
(Phenotype analyzing, Nagasaki, Japan) and given a powder
diet (CREA, Tokyo. Japan) to estimate feeding patterns.
Animals were given free access to feed and water, Using this
system, we recorded the amounts of food and water intake every
15 min for 12 days. To reveal the adaptation capability of mice
1o a negative energy state, we instituted scheduled feedings.
Mice were given feeds fora 4 h period only from 9 am. to | p.m.
We then measured the 4-h food intake at | p.m. To in-
vestigate memory in ghr/” mice, mice were housed in the
KUROBOX apparatus (Phenotype analyzing, Nagasaki.
Japan) [ 10].

2.6. Statistical analysis

Results are presented as the means£SD for each group.
Compansons between groups were made using ANOVA with a
Williams test. P=<0.05 was accepted as statistically significant.

3. Results
3.1. Target disruption of the ghrl locus

Loss of the ghr! allele was confirmed by southern blot and
PCR analysis of DNA isolated from ghrl ", ghrl” ™, and
ghrl™™ mice (data not shown). Measurement of ghrelin levels
by ELISA indicated that the stomachs of ghr/ "~ mice did not
contain ghrelin, Immunohistochemistry also demonstrated the
absence of ghrelin-producing cells in the stomachs of ghrl”~
mice (data not shown). We observed a normal birth ratio of
ghl” ", ghr!" ™, and givl™ mice as predicted by Mendelian
genetics (ghrl™ ~ : ghrl = @ ghr/”" =243 : 498 : 257). All



