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Kazuwa Nakao, Hiroaki Masuzaki, Yoshihiro Ogawa, Kiminori Hosoda,
Ken Ebihara, Megumi Abe, Tatuya Hayasi, Gen Inoue, Yasunao Yoshimasa
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Leptin acts as an adipocyte-derived blood-borne satiety factor that can increase glucose metabolism.
To elucidate the therapeutic implications of leptin for obesity-associated diabetes, we crossed transgenic
skinny mice overexpressing leptin (Tg/+), which we have developed recently, and lethal vellow KKAY
mice {A¥/+), a genetic model for obesity-diabetes syndrome, and examined the metabolic phenotypes of
F1 animals. At 6 weeks of age, plasma leptin concentrations in Tg/+ mice with the A> allele (Tg/+:
A¥/+} were significantly higher than those in A¥/+ mice. Although no significant differences in body
weight were noted among Tg/+: A¥/+ mice, A”/+ mice, and their wild-type lean littermates (+/+), glu-
cose and insulin tolerance tests revealed increased glucose tolerance and insulin sensitivity in Tg/+:
A¥/+ compared with A¥/+ mice. However, at 12 weeks of age, when plasma leptin concentrations in
AY/+ mice were comparable to those in Tg/+: A*/+ mice, Tg/+: A¥/+ mice developed obesity-diabetes
syndrome similar to that ofA¥/+ mice. Body weights of 12-week-old Tg/+: A¥/+ and A”/+ mice were
reduced to those of +/+ mice by a 3-week food restriction; when plasma leplin concentrations remained
high in Tg/+: A¥/+ mice but were markedly reduced in A*/+ and +/+ mice, glucose tolerance and in-
sulin sensitivity in Tg/+: A¥/+ mice were markedly improved as compared with A¥/+ and +/+ mice.
The present study demonstrates that hyperleptinemia can delay the onset of impaired glucose metabo-
lism and accelerate the recovery from diabetes during caloric restriction in Tg/+: A¥/+ mice, thereby
suggesting the potential usefulness of leptin in combination with a long-term caloric restriction for the
treatment of obesity-associated diabetes.
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BEHMFHRREFHDE (BERBIRHARER)
AR RBES

PIXMHEEREIEIC ST M ERX S I VEED
H, AR RIEEHIC & 5 53T

SOGRE KM FIR AGEHAZEZWHE—HM
W OMME, EA EE KGEMAEEERE I

(KEYWORD; #hftE x5 1 v, H-SHK, IR, BRITE, L 7F . uncoupling protein.
AN G, db/db mice)
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(R« D7) A REIRIc B 0 2 INNHAEHYEOMERE WS i d 3 BT, hista-
mine H,-receptor knockout (HIKOQ) mice% Jiiy, #hEEE 25 I UEEIC DU T F ORI 24T - F20
1) HIKO mice®EHAREIZ I 1 S E, AIEMTER S HAROLR L, WKABRITEEMMET & L UKW
HIRE T 2L ¥ —H I E O BB AT L7z, 2) SRIFREARIC X AHIKO miced EHE, il
2t BRI geneBBELERIT Lic, 3) L7 F U INENHLG X 2 ERMBIER. KR,
D EM 3 L UCPs mRNARBLUTAESF B 2 HIKO mice THE Uz, 4) SATFEMIER <Y 2,
db/dh mice DINEMNIZE X7 I V&S L, BETEHEL, KRR, KiRIFRE(L, UCPRERE
fLEMITT LI, ChoolMEOHIKOEFAAFRHL, 27 o8 2B Ui,

[HA] 1) HIKO miceD#H AR, RIEMH RS X CHRERMEER I wilddIBEE & ORIEA2 B L) -
7o HIKO mice T MK VI H 1 2 neuropeptide Y. pre-opiomelanocortine® mRNAXEBL & 5
ViHLREIZ 35 ¢F Bob, UCP family @ mRNAFEBLE & 0B & oI 4@ - 72, 2) HIKO mice
TREEWE AL 2 EIEHEO ML b KE 2 -7, HIKO miceTid BB HF# & ob
geneEH i AU MBE X DI L Tvde, 3) HIKO mice TR L 7 F U8B0 X AEAHIHEIER . (KI5
DV M. UCP family mRNAOBIRITEFE MM, WIFN &I L7, 4) SEFHEERE< Y 2,
db/db mice’T EO L 7TF L EIEIEREMTE, E X5 I L ONENTAL L > CTEATEIH., K
Beliow@d £ L OUCP family mRNAORBUTESBE SN, #hs0 bR Y I LFERIERIESE
PWOHIKOE 7/ T igys L7,

[£%] HIKO miceld@HRBITE T, HBHLOMTEATEHLPERRICELEDTOA, &iF
Wi B wmile i BRI ERIABENIT 2, T HbEMPFE LR Y I U HHSFEEEN L CEE SR
BRI #RICHIENIC B TS S EAOREE NS, L7 F ok A AN & RN T 2oL — i1
POLEAER A HIKO mice T T B 2 &M n, XY L VMBEREL 7F O FRTAET L. REkHE
MRELIIZANF —EHEROBEICHZE]REN L THE LT AT Eb, ST o7, F 72
fiFEE 27 2 I X BHUEMEINE. L7 F DR EE s O T A TS B D ST AN,
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MAETHHEE RS L REE R TH KT S
MAREE VM P EEEPVNICER T 2 R EHK
AL THATEHEZ MRS L T 37, &,
ZomEe 27 I UEERES S aibshbAL T
Y&k - THEsh, TOEANRERICEELTH
BEMHBHLEY, LTF L RBATEHEREET S
EEBITAHEANF—BERG T L10X-T
AR IEEERESIET 2EE 2 - T3, ML
A3 v HEAEMSIERLS IR M BRI
FMER., RBHESERT R, oLk ICES L
TWAWY LT 7 F - MRy I V0B
RERIELEN LB ATHRAM T T L, W AEFo T 2
LE—RBOEEHBERCHFS L TOEIEMELS
5, REFFEOHME, L7F itk - TEHE
NAMEBEEZY I oz L F—{CHIBSIER %t 2
¥ 3 2 H,-receptor knockout(H1KQ) mice®& T
oMl dl Elnd, £RC. L7F VKR
HIEEERETVICEE A2 I OHIEREN O
HHHic >0 TR 5,

[FiE]

maled & UfemaleHIKO miceDIEHIKAEIZE 1T 3
EEAGRENE L. ToREMBEETREBELOMTH
B L7, 12843 LT30S OHIKO mice®— I #
FRIC DN T S RIREIC EMRES Ui, RNEHATEH
i ™| T % S neuropeptide Y(NPY)3 £ Upre-opiom
elanocortine(POMC) mRNAO#K F I L~ TOD
RMEAL, AR (white adipose tissue, WA
THC ¥ Bob geneFBA L, TR F-HEICHE
T A8 mAE Ui & (brown adipose tissue, BAT)®un
coupling protein(UCP) 1. WAT UCPZE X TFUCP3
mRNAFBZEALIZ-D0 T, HIKO mice & BT
T L 7o,

D@ A B irfar 45%. carbohydrate 20%. pro-
tein 20%. 4.73kcal/g). {&AEHGf {44 (fat 10%. car-
bohydrate 70%. protein 20%. 3.85kcal/g)% 84
Fiin, 28110k BHIKO mice® k4 b, HAM#(16
B TOERIEHTE. WAT ob gene J88Z (k% Ml
L. wfEEHE & HodeiRat U7,

3L T F QK E R S(0.5 1 g/mouse/day 31
Mk 21HHEAROEAEHIKO mice TGN L 72,

Rz, L7F o510k 2EREH&E. BAT
UCP1 UCP3, WAT UCP3 mRNA¥HZ L%+ pair-
fed HIKOQ mice® H TR L7, STHEBEIZIEPBS
DIREREEERBE I -7,

dymfaEl AT & 5 A EM IR (diet-induced
obese, DIQ)<T ™7 A, db/dh miceDIRENIZE 2 ¥
3 2(0.05 £z mol/body weight g/day, THH)Z#& S
L. METEHENL, FELE/L, BEEMEZL, BAT
UCPl. WAT UCP3 mRNA¥HBE/(E BN L1,
ChoOREBHWOHIKOE TN 2ERL, EX 7
I OB EHE LI

EREBLUEE]

1. HIKO mice®ENARMEIZ 1) & RHE BT #
g, HMAaRL LSRR THNPY, POMC mR
NA., WAT ob gene, BAT UCPl. WAT UCP2
UCP3 mRNA HHELHIKO miceld Bl & & 1258
WIRBICB O THBEE ko RkEIEER L2 (X
1A.B), #ARKIC D). FHE, KEHRII>WLWTS
12848 LU0MEAIcE O THEE L ORICEEZED
o tc, HIKO mice TIREETFEIZE T BANPY,
POMCOmMRNATEH A28 45 308N & & T
B LEMA - 22 {M2A B), WAT ob gene. BAT
UCP1l, WAT UCP2 UCP3OEmRNAFRG&E & 418
TE&E DMz Z 2R - 72(42A,B).

MgEE 27 I VIEHSHERENS L THATHEZM
BIPEIZEET L T AY, Lo o THKO micelld iy
TRMEEE R I L oRIF oS, Hafdssgne,
FRIZE G WRES XUKRIBIESENT 2 Z &8
THIEN S, UL UEERERIRT X5, ik
REDOHIKO micei B TH RN U ER MO Z(LEF
BHEL, FRAEEAT S X5 IR TR0 B AR
HUTHBNPYRLRPOMCH EDMFERT 71 Fitb &
{bAs22{, KHiDob geneBWMPUCP familyiz &
by, SO EEHIKO micek Tt A
S UDBREREAMITT AIIH-T, EAF I Y
REBEBI L L) UHEARMLETH L I Eam
LT3, B, %k L5, EislhRAMI
BOTHEFERKBOZENERLLTL %,

2. Ealalhfr B & KRR fx fafiky oo (KR, KBER
fit. WAT ob gene B LICWT 2 HISHEERE
D

vale b £ AR IREY & iR <L HIKO mice



EXTE DN T2 ORT & IS H 72 2ipe
0.01 for each), HIKO mice & fBSRED N Tk FE 10
MiczEEED LS -, NRFRAATIZL - T,
HIKO mice # & Tt BED NTIA & & A& NG IR Hs By
MU (p<0.01 for each vs low fat diet), @iglsf
X BB E EHIFI LR INE, S
HIKO mice T & D HHTH - 72(p<0.05 vs wild type
controls)e WAT ob gene ¥ILITHIKO mice & i
BELICERERATIC X » THME N7 2(p<0.01
for each vs low fat diet), £ ®ZEALIIHIKO mice
WEWLWTHEOFWNTH - 22(p<0.05 vs controls),

ra M A & B RERIC 0 L THASZE X
HOEMITH ST, - 12 h, iR oA
HIKO miceTEOF LI EMPH LA, TH5b b,
fRiE e Y 3 AR AL & U S AT ID & - T
fran, HEHEEREN L THBERITIECEN
LTl & d, flEE 25 3 i\ afrEhin

AR, & STl 2 AR UCP family S H M i
KDL ANF-HETHEANND B, Lich-TH,
ZERKIEIC X BBEROBIIZ > TIE, ke
AL L OERERTEIT & 5 E AR EN ORI LIS
LI RREDILF P L2V F—HEBDETF &t - 72
KMER OB EREZL SN b, HEDO LA, Skl
REWHEOHIKO mice® H AR BB LG8
B Emo, BREOAMEMMTETH L LEZ O
5. 4, SEARARRECWAT ob gene
PHIKO mice TR I N D Z E b St w70,
HIKO mice TOKIEHFZOMMM L 0 FEWNTH A
Eho, ZOMPIIKMEERARKILZDTH
BLEABIELTES, UL, WL RY I iz
RERMRRENT B EEZ SN Bob gene FEBLHD
WA 2, Licd» THIKO micelZ i+ %ob
geneD FEHIGR 21T, LS HKRRBIZL 2L =
Z I DEHARIT & - T U 3 38Rk iL B o (X7F
PREELTOHE I Eb#Z oN5, B EAeE
Ry 1 REET 2 E LT, iz E b7
THMF B glucosePinsulin® FMEHE Z 5 4 5 bl
M HOTEEE KO, MR E Xy 2 w3, &0 LA
PEIZk - TiffifE s h a2 &, $£#insulinF® 4O
WEIIZIR O LM ENRTWE NS TH B,
Liciio TRl Ao s x4 1 o D58
FIRNHEE D S aH i B L 77 F o AUH - T BT RE
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3. L7 F RS X B AT E ., KBRS
UCP familyRH o Lot 4 2 HZ SRR O 8

L7F O EBRNESIEHIKO micek L U=
TADIAHEAREAEFEICR Y 842001 for
each) (4), SO L 7F ik AN ER I3
Bz b, HIKO miceiz 8O THBEIZME L Tk
(p<0.05) (E4), L 7F  OINENHREIT L - Tpair-
fedstt BRI D RARIL R OH BITHUY U 72 (p<0.05) (X5
Ao L7 F Iz & B KIGNE RV (S pair-fed st B #E
IZEe < pair-fed H1KO mice TIHIT L T 72 (p<
0.05) {¥5A), BAT UCPLl., UCP3. WAT UCP3®
HMRNARHE L 7F L ORMERBR S IC L D&
Wint 72(p<0. 01 for each) (R5B,C.D). V7 F iz
&£ % UCP family @ F8LITAE % A (2 pai-fed HIKO
mice Tid@H L T 72 (X5B,.C, D),

Fr R, MBERSY I VL TTF L OBRIKEN
BT, £0largetPpE O —o & L TEEL 4
BIZLTOAIEFYW Sz LY, L7F Ot
FhHICLDMEE 25 L L OfCRREEATLET 5, &
VT F o OBEMEIERIG. MBI L 04K
B%% T H 5 histidine decarboxylaseD &% TH 2
a -fluoromethylhistidine(FMH) O ®j#L# TE X ¥ 3
Yt b A L, HRitEREhE, tabb,
VTF iR e R 3 A LTI A R
MLTH3dEFLoNb, SHOHIKO mice% MU
TMEBRTH, L7F o OEURAERRIHSEKD
KEIZE-TWBLTE D, FMHZ RO /CHEE X
F I OMEALIC L AR ERETH D, Eh szl
AAME, L7 F i X KRGO BN &R
EZX5 I UBATEREE L THE L TuL ARG
mahiz, RIEMORLITE L 7TF vic X A E AN
eI T 5, Lhi- T, HIKO micelz 81 3
L7 F o O EAHRCE R O R RGO BRI e
Wit &3, 22T, ZhefEARoL M
RIRIERICE 2 2 B4 HERT 3 HW T, pair-fed
HEMOTERET» N, TOE, L7F 120D
HREMEER &3, hisE sl sd 5 -
L, HEFFERHAOBEELHAEAROL b E BT L
TEDONBZIEMHE LA, LRy 2 L
HZHERENT SV 7F o QKGR D ERIIZ I,
ek b 2 8 2 L ic X BB MIE N oM S 55 2 oh
L. A& 1in vivo microdialysisik 4 B U7 2B



£, HETHOMEL 27 1 OEMNALH, K
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TARGETED DISRUPTION OF HISTAMINE H,-RECEPTOR
ATTENUATES REGULATORY EFFECTS OF LEPTIN ON FEEDING,
ADIPOSITY AND ENERGY EXPENDITURE IN MICE.

Toshiie Sakata, Hironobu Yoshimatsu, Takayuki Masaki.
Department of Internal Medicine 1, School of Medicine, Oita Medical University.

Hypothalamic neuronal histamine has heen shown to suppress food intake through Hi-receptor in the
ventromedial hypothalamic nucleus and the paraventricular nucleus. Recently, it has been identified
that hypothalamic neuronal histamine is one of the targets for leptin action in the brain. To examine
the rote of histamine neurons in leptin signaling pathways, H-receptor knockout (HIKO) mice was pro-
duced to investigate effects of HIKO on leptin-regulated feeding, adiposity and energy expenditure.
HIKO mice showed no change in daily food intake, growth curve, body weight or adiposity compared
with those parameters in their wild type controls. Reflecting no specific aiteration of those parameters,
HIKO mice induced no basal changes in mRNA expressions of neuropeptide Y, proopiomelanocortin in
the hypothalamus, ob gene or uncoupling protein (UCP) family in peripheral tissues. Loading H1KO
mice with high fat diet accelerated more fat deposition and ob gene expression than loading controls
with high fat diet. Leptin-induced feeding suppression was attenuated in HIKO mice, indicating in-
volvement of histamine neurons in feeding control as a down-stream signal of leptin. Up-regulation of
fat UCPs mRNA and reduction of body fat induced by central infusion of leptin were at least in part
abolished in the H1IKO mice. Central infusion of histamine during successive 7 days decreased food in-
take, body weight and body fat weight not only in diet-induced obese (DIO} mice but in db/db mice. In
agreement with these results, gene expressions of UCPl in brown adipose tissue and UCP3 in white
adipose tissue were both up-regulated by the histamine infusion compared with those in the pair-led
controls of histamine. These suppressive effects of histamine on feeding behavior, body weight and fat
deposition and the accelerating effects on UCPs gene expression were attenuated by targeted disrup-
tion of Hireceptor in DIO and ¢b/dh mice. The present findings provide insights into control of energy
homeostasis, i.e.. an Hi-receptor plays a key role in maintenance of homeostatic regulation of feeding.
fat deposition and UCPs mRNA expression driven as a down-stream of leptin action in the hrain. In
view of this, HIKO meuse is a4 novel leptin resistant model,
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