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ABSTRACT

Background: Leptin resistance is a common feature in obese subjects and animals, and this is commonly
accompanied with hyperleptinemia. We speculated that one of the causes of leptin resistance is a persistently
elevated leptin concentration and then we hypothesized that fluctuations of serum leptin would increase leptin
sensitivity in the leptin-resistant state.

Methods: We used a repeated fasting and refeeding (RFR) protocol to produce fluctuation in leptin levels
in 7 month-old Otsuka Long-Evans Tokushima Fatty (OLETF) rats and Long-Evans Tokushima Otsuka
(LETO) rats, We then measured the leptin sensitivity following an intracerebroventricular (i.c.v.) infusion of
leptin.

Results: The OLETF rats exhibited severe visceral fat deposition, hyperleptinemia and leptin resistance.
However, in the OLETF-RFR rats, the anorexic effect following i.c.v. leptin infusion was restored. Moreover,
the visceral fat mass and serum leptin levels decreased, while the serum adiponectin levels were elevated in
the OLETF-RFR rats compared to the OLETF-Control rats. The leptin receptor content in the hypothalamus
increased in the OLETF-RFR rats compared to the OLETF-Control rats, and the leptin receptor content in the
OLETF-RFR rats decreased compared to that in the the LETO-Control rats.

Conclusions: These results suggest that the intermittent suppression of the serum leptin level reversed the
leptin resistance in OLEFT rats, and this may have occurred due to an increased number of leptin receptors
in the hypothalamus. (J Korean Endocr Soc 23:310~318, 2008)
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5. Western Blot £

B Aol 24 Shiol) el S84 =
o|&A|(Ob-R, Cat. No.: sc-8325, rabbit polyclonal antibody,
Santa Cruz Biotechnology Inc, CA)E Ag3slo] 3]4s]0] )
23S AL SAuiE 1:100022 sl9ick iR
35792 Glyceraldehyde-3-phosphate dehydrogenase (GAPDH)

2 BAslo] n|aslgict el Eo] dHl= horseradish
peroxidase 2 7%} 22} $kA|(Cell Signaling, MA)S} HEZ-
A|ZLe™, enhanced chemiluminescence kit (Amersham
Biosciences, UK)Z wh wlel-g- #olslal Scion Image
software (Scion Corp, Frederick, Md)E A-&3}o] A=k &
Asiaick

5 rat leptin radioimmunoassay kit (Linco
Research, MO)E AR83l9)om, &4 adiponectin H5+
adiponectin ELISA kit (Adipogene, Korea)E AR83}o] &
F FAI

EFARE BTk AlE, F Aol
A 8 % 3"} adiponection X9 Al -
(Control, RFR, ¥ PF) 7} 2}o]|9] §-2JAl-2 Kruskal-Wallis
test2 73 om, 7 7 7k Xjo|e] A% ANOVA
o] oEH|A(Tukey WANE ©]-831990k Vehiclew 2} Leptin
T 5 LETO-ControlZ} OLETF-Control?] <] Xol=
t-testZ 78Ik QlFuE = el Fs= 7
g B Aot AlFe] w3k R
measured ANOVAE AR83lo] AL 5A] £42
SPSSK 14.00.2 Aslolom folFFe 95% 2 sl3ich

repeated

Z 1
1. OLETFF|Q| &M

OLETFH& 7o LETO-?—]O]] vlslo] A2
29%, 28U47Fe] TR HH T 36%, H7 W A
226%, &% #el F5+= 200%, &5 adiponectin FE+=
38% T ETKTable 1, 2). HAE FU3t lvle] a3z
LETO-Control A& AIE, Aol =k 4 E7F ] x4t
o] 7+4-sl9d 21}t OLETE-Controloll4+& Vehicled=Z}
vlaslel A Ko7t VeRA] gSkthFig. 1, 2). ol
OLETFA|ollA] A&t =€l #|gAdo] whAlslolg-<& <lwlsich
OLETF-Control ol A|Aslie] @le]l 4284 cluleke
LETO-Controlwll H[3}o] F-JstA] ZH4=319ckP < 0.05)
(Fig. 3).
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Table 1. Physical and biochemical changes during repeated fasting/refeeding or pair feeding protocol in the

experimental groups

LETO OLETF
Control RFR PF P-value Control RFR PF P-value
Body weights (g)
Initial 513+ 42 514 £ 129 515 + 74 NS 663 + 11.8 663 + 11.4 665+ 11.3 NS
Final 516+ 4.6 434 + 97> 442 + 62" 0.001 664 + 13.4° 577 + 62 577 = 12.7%° 0.001
Difference 3+22 80 +59 74 + 40 2+ 77 -84 + 6.7 88 + 33
Total food consumptions during 28 days (g)
558+ 92° 307 + 62° 303 + 03" 0.001 759 + 21.41° 411 + 133" 403 + 02"  0.001
Serum leptin concentration (ng/mL)
Fed state 138+ 0.6 126 = 1.8 14.6 + 0.6 NS 312+ 1.6 269 + 1.1 279 + 1.8 NS
Fast state n.m. 79 + 0.7* n.m. n.m. 15.6 + 1.7* n.m.

Values are means £ S.E.. n.m, not measured. RFR, repeated fasting and refeeding; PF, pair fed. NS, not significant. Initial and
final denote the first and 28th day of the experiment. *P < 0.01, vs the corresponding initial. ¥ P < 0.05, ¥ P < 0.01, vs the

corresponding fed state.

**The values of same indication have not significant difference.
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Table 2. Effect of intracerebroventricular leptin infusion on serum concentrations of leptin and adiponectin and

on visceral fat mass in the experimental groups

LETO OLETF

Control RFR PF P-value Control RFR PF P-value
Serum leptin concentration (ng/mL)
Vehicle 100 £ 0.9 107 + 1.4 79 £ 05 NS 300 + 085 241+ 16 249 +09 NS
Leptin 78+ 0.4 28 + 08" 39+06™ 0012 27.1 + 38 113 + 27" 174 + 27 0054
Serum adiponectin concentration (ng/mL)
Vehicle 152 + 2.0° 299 + 23" 166+ 1.9°  0.017 21.1 £ 1.7 394+ 49" 318 + 42" 0.038
Leptin 236 + 78 410 + 24" 306+ 21" 0.095 232 + 24" 382 £ 20 435+ 7.0° 0018
Visceral fat mass (g)
Vehicle 178 + 1.1* 148 + 1.0° 12,6 + 0.9° 0006  58.1 + 507 551 +59 446 + 45 NS
Leptin 123124 72+ 07" 77 +09" 0025 536 + 50" 304 29" 384 +22° 0012
Difference 6.2 7.6 49 4.5 24.7 7.6

Values are means + S.E.. RFR, repeated fasting and refeeding; PF, pair fed. NS, not significant. Leptin (15 pg/day) or vehicle
(artificial cerebrospinal fluid) was infused for 7 days. *P < 0.05, ¥ P < 0.01, vs their vehicle treated rats. ¥ P < 0.01, vs the
corresponding LETO-Control. * The values of same indication have not significant difference.
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Fig. 1. Effects of intracerebroventricular (i.c.v.) leptin infusion on cumulative food intake in the LETO (A) and OLETF (B) rats.
Leptin (15 pg/day) or vehicle (artificial cerebrospinal fluid) was infused for 7 days. Food intake was measured everyday. Values
are means * SE of 5-6 rats per group. P < 0.01 for difference between Vehicle and Leptin by ANOVA with repeated measures
in the LETO-Control, -RFR, and -PF rats and OLETF-RFR and -PF rats. The difference between Vehicle and Leptin in each
group at the seventh day represented the anorexic effect of i.c.v. infused leptin. RFR, repeated fasting and refeeding; PF, pair fed.

Ark ol Aol A7 Aol ol oEX IS
A A= Zlelel. RFRTOIA & AloldFke 27t
Controloll H|s}e] OLETFHE 54%, LETOFE 55%%
A2 Zol7b ek 24417 T4 A g Wl wew A%
9} v)szsto] OLETFFICIA 58% 2, LETOFlA 62% 2 7+
Zeslo] A E xo)7} $igikTable 1). OLETFF oA A)4bsl
5 #lel 58] chigke- Controlwol| HIs}lo] RFR¥} PRI
oflA] gelsiAl Z7FslickP = 0.004) (Fig. 3).
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Fig. 2. Effects of intracerebroventricular (i.c.v.) leptin infusion on daily body weight in LETO (A) and OLETF (B) rats. Leptin
(15 pg/day) or vehicle (artificial cerebrospinal fluid) was infused for 7 days. Values are means + SE of 5-6 rats per group. P
< 0.01 for difference between Vehicle and Leptin by ANOVA with repeated measures in the LETO-Control, -RFR, and -PF rats
and OLETF-RFR rats. RFR, repeated fasting and refeeding; PF, pair fed.
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Fig. 3. Leptin receptor (Ob-R) level in the hypothalamus of the experimental groups. Protein level was determined by Western
blot. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as an internal control. Values are the means + SE for
groups of 5 or 6 rats. * P < 0.05. The Ob-R levels were elevated by RFR and PF compared to Control in OLETF rats (P =
0.004), however, there was no significant difference in LETO rats. Values that do not share a common superscript are
significantly different at P < 0.05. RFR, repeated fasting and refeeding; PF, pair fed.

UFY7ke] el A% & 571 Y A2 LETOF A= 4. &= "HEI} Adiponectin S&E
Control, RFR, PF9llA Vehicle #%]7o] ulsfo] 5% N -
ontro I Vehicle XXIell wlsed = 8% @lE] S5 OLETFZollA] LETOZol| Hlsle] €]

oslAl ZHastgdort, OLETEHNAE Vehicle *]X|7ll

3] Z71s19ct. OLETF# 9} LETO# o4 RFR3} PF A=

uls}o] RERZOIATE 21}l 248140k Table 2).

- 314 -



— HRAA]

1o 2 3‘ 7% q_'?i_x——}?‘ %/_\J'JO

of] g &% el Fo] o8t 7T vehA] gl
J2v} LETO-RFRT-# OLETF-RFRTIAE FEl 3%
Al @A HEl S5 247} Ueltek LETO-PFTlX =
S|l AXZ Q1% =] fel3t Al el
(Table 2).

I adiponectin F5+ OLETFZ |4 LETOZ ol H]}
o ZhashA] gk esle] oF 40% S7Vshe 7% vHERN
it} RFR A5l oJsted LETOS} OLETFF oA BF &
% adiponectin =7} FelstA S7ksodck 2wl X% &
EZ adiponectin 5= LETO Fol|4+= -RFRI} -PF+rol|
A SoslAl Z71s19). o) OLETFF A S8t w3k}
% cKTable 2).

M3k

il

B odol] A8<t OLETFF = Ao EHE S TS
AdsHE CCKa 8A e ® 35 3loj[9]
57 A A4S BAoE s 1 o]% Al
A4S etk B Al
OLETFH+= #Z2 <13l LETOF el nlste] x5 <F
7 ek 3ul o] do|glom Hs el
AR 3R =& ATE dglom, ol A ATET YA
sl 7482t 11,12]. OLETEF ol Az 313t =lel
9] A& Fv= A vEh A @ ARk 3" A4
= el em o] 4] Niimi 5] A7 2k} Yx|sl=
Zlolel13].
2 dqolie EF 9l =0 ASKA bt Al
TEE HHE

orL

Ao g Aglelw] el -
el o] 318 Zlolghe 7Mde WHEaL o]
7] $1sko] OLETFHol|A] 244712 ]
g% e T5E R AT
FUsPA A EoA] AEE A8k 24417 Sl
slo] "5 - Alo] Alef| ulsle] OLETFFllA]
58%, LETOF|oX 62% % F<J8lA] 248191 2m, OLETF
Fol FA A EF 2"l 55 LETOAlo|-9] Alo] A] gk
of] vlsle] B} 1.8 ng/mL = Aoldrt welA dF 7
=52 ulEdog Y=ol LETOF FFoz 7H:A
1 202 Akslo] B od7ellA] AH&3F RFRE d7-54 el
o2 Az
el #Aabge] ARl ob] Skds] qgxlo] A EAIE
] b eF oA Al 2|l gt

)
k
o

5
g
N
)

-
&=

@

z

£
% o

3 73-Foll AL A= St
el gxe] 7Har) el 234
< 9k 4= 9lgir}. B o AILE OLETFH el
&) ghilzko] LETOF ol ulslo] felaiAl 74

244l v off —

slo] o]Z shbdsiolel el gAe] A el
7Yl wE A5 Ao R Jhgetd % Hi"l
HE A4 TE TTRIA T AS AleE
A7Zslgict. B o7t Z¥= OLETFF9] -RFRS} -PFol|
Al frelgt SV JERigiem] LETOF o= S7kslhe
dekS Uehlie) o] Z3= OLETFF 4 RFR A= 3
=R A EA a7F BARkE vlshe =il 2
T40] S7kshE dde AW = A st
OLETF#|oll4] BkEAQ1 FA12} A4]0|(RFR) & ¥AE
FU Wele] AoliH A Hal= dAs| ZTksiel o]
+ RFRo| 38l A4S vehl= OLETFH ol =8l 7+
TS STHIBESE ovlshs Zrlelck 2y RFRol
A & Alo] A#=S Controliol] H[3le] OLETFZoi|A]
54%, LETOF A= 55%0l A4 S55 olike] Ao]4]
F Ate] 7Rl 2oz & 4= ok Aol Algte] =il
TS ST T 7] wioll[17,18], Alel4dF Akt
aIE AR Slsle] tizAeld(-PRE AREsiSich
OLETF-PFl|#], OLETF-Controli-l H|slo], ¥A& F
3t =l-lol] o3t Ao]F7} felsiAl FHazsll ot 74
Aol 33 7447t Vehicle72] 22% 2 OLETF-RFR 14
9] 45%0l| vlsto] Yskrl. =3 OLETF-PErolAE =€l
7 W AR feldt AaE VA gkelkel
oko] 2lo]Z 423t OLETE-PFoX% =lE]
Z71= UERkol} 1 %= OLETF-RFRT H]
ZoF k=gt o|¢}zto] OLETF-PFollA
AJAFs 2] 4=84| glizko] OLETF-RFR T3 vBd7EA]
2, OLETF-Control7oll Hlslod, FolsiA] Z7lsiaiA|at =)
gl 7ZpA Z71= OLETE-RFR 74 Tl dAlslay 2
= FH o2 E% adiponectin 52| F7FE AW
b= Zleg Azkeich
Adiponectin AWAIEANA Eul=o] QgRl e
S7HIA19] 3 oe) Hi'le] 3k BRYIE AR
242i#[20] Uk OLETFFS] &% adiponectin S5+
LETOF|ell vlsto] 7hasiA] ¢kolr). o= nlukzollA dF
adiponectin %7} ZAge GA9RE{21,2218= Xolr}
JARF 40578 2] OLETF# &< adiponectin %7} LETO
9} zpo]7t ¢1-8-S HaE}k Choi S{12]¢] AT U
sk 2 odTtollA RFR¥ &% adiponectin %7} $7}
s, o] Avbe AxEe] B el FYst 2o E
213] RFR % A|%=7] adiponectin W¥le] 3] S71=]90c}
= At A7) Aah2319F dibdEshe Zlelek Adiponectin
T TEI 2L w7k ARl Hislel] efsle] wisl
A|9AIRH24,25] Ag7E426,2712F =Hel XX|[28]0l] o]ahiA]
= ks Aoz duiA ek aeiy B oA Ay 3
3k AolAdF e} AF 7H4E Jehll= PR~ Controlwoll

nl-=
nlsle] F-2J8k &F adiponectin F5 WIS HolA] 9igko

819 it

,

»

_1

N
5

o, 0\'“
1o
ok

o

Pi\ls:_]

O
2

NE
rlo

o)
e

go
o

- 315 -



— tiRhER|SH)A]: A]23 A A5 E 2008 —

t RFRIOAT o3t S7h= vephdl Z3= RFRO|
adiponectin F7F} o] QIS5 A= Aol 714
e 93 I A7t Hedk Aew ARk

RFRe| thak AYA|e] Whg-2- AR&3F A3l g-Eol| v} vh=
Al vYebdel 5, RFRel| thete] AAP} Aefreg i3k}
W ollz] 4m|7} ] ar Aol 7k A|nH29,30], A2k
o] At dH3119F o] RFR A3t A Aol a3t
lipoprotein lipase™= S7 1= AR gElo] 3] Slsto] A5
o] 23] a3l ke sk B odollA] vhER RFRe] v
T Al Wake ARkl At Aa3119}F FAkste] Ale
718807 AoA s o] Al olsl AR E=
Zlo g kslgirt. A2 RFR< oMde] vz gell 1
HZ A& e drkae AskA EANE vlRk Ate]
el AgAS s e R AiRls A8 = A
55 Slulsh Aol] ulel ¥ ot A A A
oz Azl

Qofab A1 47 o) AR R A ek
+ OLETF FHollA] vE2Q1 F413} Aol & 53t EF 3l
®l % wizke el A 31, B ol Ak 2 9
F adiponectin 5 Z710] 95 fEslglon] ol H
wrow AR el gl el Zrlol Flelshe

7i=lg)

o)

>,\1
&
o

0]
i)

i

TN =il A4 nluke] HHQ] EARIH] 7]
53 akvh EiRlE Sl Aol kg BRI
Z7F Wil Zle® Aztw]o] ghout HTell Aol &)
B f2AAE AV A7 2l vlRk glo] =iEl
AP o] Hhasl= s1do] Harxle] aEF ARA7L 2=l
A o] Aol & ghgol A=Ak olol] ARES
vkl A] HhAsl= BlRl 2|84 e] 3 ARlo® A|<4H]l &
ARFS 7Pl JEl S5 SRR AT Bl
gl AgAlo] 318 = dvke M WHEAL olE S
7] $8le] B QAFE Alick

g wkellA d%F "l 555 S8R AT
7] $Isted 7714% Otsuka Long-Evans Tokushima Fatty
(OLETR)HAE 2417+ 7oz F23 A2lo](repeated
fasting/refeeding, RFR)E- 14X} vH53t vhg HAZ el
= FYsA "l ZAde 33180kt (Control)
< A AlelE AHsHA slglem tzAlo| i (pair fed,
PF) RFRT-9| AAo] A] Aolgke] AutAS viYd A3}
A sk A dizFZs 22 999 Long-Evans
Tokushima Otsuka (LETO) #& AR&3i3ith

Z3} OLETFH= ARk 57 | A2} 3wl |l
2el ZekAdS Veliel. a#v OLETF-RER 7=

[e

¢

OLETF-Controlirel vlsle] HAZ I8k gle] Aol
F AAEN} FrERen B ) AWEke] Fhazslar &
< adiponectin 5=7} <7813} '8k LETO-Control -
of] Hjsto] 7H4s19IE OLETF-Controld-2] AlAbski- el
&4 =S OLETF-RFRTIKE oAl S71=l9]
=g

e

HE A% 57 ) AN AR ARAE ekl
OLETF #loil4] Hkaalel 4lst Allol 2 E4 8% aiwl
&l

R o e B s B R AR IR )\ d S

<% adiponectin &% =7} &35 fEsl9lom, o]+ &

Ao A Al el Shjzke] Zlel Flelel

Ros A

HnEs

1. Zhang Y, Proenca R, Maffei M, Barone M, Leopold
L, Friedman JM: Positional cloning of the mouse
obese gene and its human homologue. Nature
372:425-432, 1994

2. Shek, EW, Scarpace PJ: Resistance to the anorexic
and thermogenic effects of centrally administrated
leptin in obese aged rats. Regul Pept 92:65-71, 2000

3. Van Heek M, Compton DS, France CF, Tedesco RP,
Fawzi AB, Graziano MP, Sybertz EJ, Strader CD,
Davis HR: Diet-induced obese mice develop
peripheral, but not central, resistance to leptin. J Clin
Invest 99:385-390, 1997

4. Widdowson PS, Upton R, Buckingham R, Arch J,
Williams G: Inhibition of food response to
intracerebroventricular injection of leptin is attenuated in
rats with diet-induced obesity. Diabetes 46:1782-1785,
1997

5. Caro JF, Kolaczynski JW, Nyce MR, Ohannesian JP,
Opentanova I, Goldman WH, Lynn RB, Zhang PL,
Sinha MK, Considine RV: Decraesed cerebrospinal-
fluid/serum leptin ratio in obesity, a possible
mechanism for leptin resistance. Lancet 348:159-161,
1996

6. Halaas JL, Booze C, Blair-West J, Fidahusein N,
Denton DA, Friedman JM: Physiological response to
long term peripheral and central leptin infusion in lean
and obese mice. Proc Natl Acad Sci 94:8878-8883,
1997

7. Scarpace PJ, Matheny M, Zhang Y, Shek EW, Prima
V, Zolotukhin S, Tumer N: Leptin-induced leptin

resistance reveals separate roles for the anorexic and

- 316 -



10.

11.

12.

13.

14.

15.

16.

— b 9] 79k el FHOR QY 7
thermogenic responses in weight maintenance.

Endocrinology 143:3026-3035, 2002

. Fernandez-Veledo S, Nieto-Vazquez I, de Castro J,

Ramos MP, Briiderlein S, Moller P, Lorenzo M:
Hyperinsulinemia induces insulin resistance on glucose
and lipid metabolism in a human adipocytic cell line:
paracrine interaction with myocytes. J Clin Endocrinol
Metab 93:2866-2876, 2008

. Tachibana I, Akiyama T, Kanagawa K, Shiohara H,

Furumi K, Watanabe N, Otsuki M: Defect in
pancreatic exocrine and endocrine response to CCK in
genetically diabetic OLETF rats. Am J Physiol
270:G730-G737, 1996

Kim YW, Kim JY, Park YH, Park YH, Park SY, Won
KC, Choi KH, Huh JY, Moon KH: Metformin
restores leptin sensitivity in high fat fed obese rats
with leptin resistance. Diabetes 55:716-724, 2006
Yamashita S, Nakamura T, Shimomura I, Nishida M,
Yoshida S, K,
Tokunaga K, Matsuzawa Y: Insulin resistance and
body fat distribution. Diabetes Care 19:287-291, 1996
Choi KC, Ryu OH, Lee KW, Kim HY, Seo JA, Kim

SG, Kim NH, Choi DS, Baik SH, Choi KM: Effect of

Kotani K, Kameda-Takemuara

PPAR-alpha and -gamma agonist on the expression of
visfatin, adiponectin, and TNF-alpha in visceral fat of
OLETF Biochem Biophys Res
336:747-753, 2005

Niimi M, Sato M, Yokote R, Tada S, Takahara I:

Effects of central and peripheral injection of leptin on

rats. Commun

food intake and on brain Fos expression in the Otsuka
Long-Evans Tokushima Fatty rat with hyperleptinaemia.
J Neuroendocrinol 11:605-611, 1999

Scarpace PJ, Matheny M, Tumer N: Hypothalamic
leptin resistance is associated with impaired leptin
signal transduction in aged obese rats. Neuroscience
104:1111-1117, 2001

Kurose Y, Igbal J, Rao A, Murata Y, Hasegawa Y,
Terashima Y, Kojima M, Kangawa K, Clarke IJ:
Changes in expression of the genes for the leptin
receptor and the growth hormone-releasing peptide/
ghrelin receptor in the hypothalamic arcuate nucleus
with long-term manipulation of adiposity by dietary
means. J Neuroendocrinol 17:331-340, 2005
Keen-Rhinehart E, Kalra SP, Kalra PS: AAV-mediated
leptin receptor installation improves energy balance

and the reproductive status of obese female Koletsky

17.

18.

19.

20.

21.

22.

23.

Aol X g —
rats. Peptides 26:2567-2578, 2005
Wilsey J, Scarpace PJ: Caloric restriction reverses the
deficits in leptin receptor protein and leptin signaling
capacity associated with diet-induced obesity: role of
leptin in the regulation of hypothalamic long-form
leptin receptor expression. J Endocrinol 181:297-306,
2004

Fernandez-Galaz C, Fernandez-Agullo T, Perez C,
Peralta S, Arribas C, Andres A, Carrascosa JM, Ros M:
Long-term food restriction prevents ageing-associated
central leptin resistance in wistar rats. Diabetologia
45:997-1003, 2002

Yamauchi T, Kamon J, Waki H, Terauchi Y, Kubota N,
Hara K, Mori Y, Ide T, Murakami K, Tsuboyama
-Kasaoka N, Ezaki O, Akanuma Y, Gavrilova O, Vinson
C, Reitman ML, Kagechika H, Shudo K, Yoda M,
Nakano Y, Tobe K, Nagai R, Kimura S, Tomita M,
Froguel P, Kadowaki T: The fat-derived hormone
adiponectin reverses insulin resistance associated with
both lipoatrophy and obesity. Nat Med 7:941-946, 2001
Qi Y, Takahashi N, Hileman SM, Patel HR, Berg AH,
Pajvani UB, Scherer PE, Ahima RS: Adiponectin acts
in the brain to decrease body weight. Nat Med
10:524-529, 2004

Arita Y, Kihara S, Ouchi N, Takahashi M, Maeda K,
Miyagawa J, Hotta K, Shimomura I, Nakamura T,
Miyaoka K, Kuriyama H, Nishida M, Yamashita S,
Okubo K, Matsubara K, Muraguchi M, Ohmoto Y,
Funahashi T, Matsuzawa Y: Paradoxical decrease of
an adipose-specific protein, adiponectin, in obesity.
Biochem Biophys Res Commun 257:79-83, 1999
Prada PO, Hirabara SM, de Souza CT, Schenka AA,
Zecchin HG, Vassallo J, Velloso LA, Carneiro E,
Carvalheira JB, Curi R, Saad MI:

supplementation induces insulin resistance in adipose

L-glutamine

tissue and improves insulin signalling in liver and
muscle of rats with diet-induced obesity. Diabetologia
50:1949-1959, 2007

Lee CK, Kim YW: Changes of adipogenic and
lipolytic activities following repeated fasting and
refeeding in rat. Korean J Obesity 14:16-21, 2005

24. Kmiec Z, Pokrywka L, Kotlarz G, Kubasik J, Szutowicz

- 317 -

A, Mysliwski A: Effects of fasting and refeeding on

serum leptin, adiponectin and free fatty acid

concentrations in young and old male rats. Gerontology
51:357-362, 2005



25.

— tiRhER|SH)A]: A]23 A A5 E 2008 —

Merl V, Peters A, Oltmanns KM, Kern W, Born J,
Fehm HL, Schites B: Serum adiponectin concentrations
during a 72-hour fast in over- and normal-weight
humans. Int J Obes Relat Metab Disord 29:998-1001,
2005

26. Baratta R, Amato S, Degano C, Farina MG, Patane G,

27.

Vigneri R, Frittitta L: Adiponectin relationship with
lipid metabolism is independent of body fat amss:
Evidence from both cross-sectional and intervention
studies. J Clin Endocrinol Metab 89:2665-2671, 2004
Valsamakis G, McTernan PG, Chetty R, Daghri NA,
Field A, Hanif W, Barnett AH, Kumar S: Modest
weight loss and reduction in waist circumference after
medical treatment are associated with favorable
changes in serum adipokines. Metabolism 53:430-434,

2004

28. Delporte ML, Mkadem SAE, Quisquarter M, Brichard

29.

30.

31.

- 318 -

SM: Leptin treatment markedly increased plasma
adiponectin but barely decreased plasma resistin of
ob/ob mice. Am J Physiol Endocrinol Metab 287:
E446-E453, 2004

Kim TS, Freake HC: High carbohydrate diet and
starvation regulate lipogenic mRNA in rats in a
tissue-specific manner. J Nutr 126:611-617, 1996
Kochan Z, Karbowska J, Swierczynski J: Unusual
increase of lipogenesis in rat white adipose tissue after
multiple cycles of starvation-refeeding. Metabolism
46:10-17, 1997

Kim YW, Scarpace PJ: Repeated fasting/refeeding
elevates plasma leptin without increasing fat mass in

rats. Physiol Behav 78:459-464, 2003




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


