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v M, PEEOREB S, 1 8ESBENS A RN VIEEKEFEEERRFNIDDM Z2RET 2 &
WS EME SO, AFEIE. NIDDM £5)V OLETF Sv h2EHHEF L. M - HEREOD
ﬁﬁt&%t R TABEIZEDLEDICEDON, TRIVF—RESR FEE - FERE
) QEEEREDOLIITES TELL TN DY, BEAIR, EREEEN NS DEEH
FTE2h, SAEETOREENEEIKEY. MELEOESVEAG TELINEINE
‘L,
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NEL 25, N, BEERENDRRTSH, @%ﬂ%ﬁﬂ;\fhtﬁfmrﬁm< 207,
E#EOLON, MEZLREESERIA TS, Z0D TER, BRNICLENT
WBH, AHZAAICDWTH, EBNH 5, BETH. h%ﬂ%#b MURENBTT NA
S EQEENEEENTVNS, LIFURSBEROEELEDIEAND V. B,
OLETF 5y hTH. Wi L TF EEQ ERENSENS, £, TNF-alphs, IL-6 ZEDY
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BRETEROE, COTy MeBWT, MEZEFELEEZS, 132 + 4.5 mmHg SETLU
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FTVZVTIR, &<, Bl Twaho/mI N5, TNF-alpha O TN MEE T ICEE
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QLR MRS UAZEKERIBL, IEWH. ERRE BREET D

Sy MBI A, B ARHREORENRE L. TOMRITHTS
BREDEEROPE
' TR RT ERSEARSWER BREEHD
T BT GIESEASTIRR  SEEme)

OB »
EBbelbic, BERFEERUTOFHERABL TV, ERFEL. BENERELE
sr. BEQAEDEOEENESLTLAIRE—RBEES TS5, ERCERER
CEETERMENLEC EQOEREER. MESEHTRICED. AMEROEE Y XA
w»w747/UXAm@m.éwmﬁxwfﬁ%%é BU XL ERBMEICRERE
Uit 5. A RT RN F—BREIFNF—PRENS ERFOEFNBERI
rjfsx%tTWﬁ%ﬁmmf RELARIHBENTER, £ MEFRICTENF R
HOEARY XLERNTE IO, BECREH TS DOT. BRFZRESNEHELT
5% = 117~ Otsuka Long Evans Tokushima Fatty (OLETF)Z w h #f WW=Y), OLETF v hid,
REEQEEE, 1 8EEN ST R LIEKEFEERRNDDM)ZRET S LW 3 ERE
HD mbred strain TH D 1,
¢ﬁni NIDDM £7 )V OLETF Sv h2EHAFL. M - WERRFOET LB,
) CABREIEDLDITEDDN, TRIVF—RER (BE - [BEREL) OEENED
E3Ro TELLTRS O, REFIE. SEEEHNE NS OEEEEETED N, Sk
AEROAEEOERICLD. NELSOESVERE TE DN EI MERF LI,

OWEFE

1. 2% _

Bt OLETF Zv h&A\. ERER ()T )VES KK, CRF-D 2N {EEL. BR
HEELT ¥NaClZBALAEZEN, £81 2ERIVREZFERBLI

1. ZRErHE

=®mBE LT, 1) CRF-1 B@EERRE 2) CRF-1 H8EA+3000 m running/ 5.
3) CRF-1 EHEFIRE (20e/H). 4)mﬁhﬁﬁmﬁmw 5) BREARMEMER L
U7. OLETF, LETO Sv i, BEEFI®2 &, ARLEMER 1,000 m 8, b
DI 10,000 m/BEAEEFT B3 ENSIFEDEMNAE D, RLIXTTIC 3,000 m/HOE
ﬁﬁﬁﬁﬁ%@%lO%%E@I*wﬁ—%%%Tétm% ERF—I2ITNDY, £
IT. BELEETERINIEEQOIFNFT—2¥ET 5EFHE LT, 3000 m running/

AZELE, ZRICIE. R4WER L running wheel (FE @31 —2z2AW5 (Fie. 1),

—135—



Fig. 1

D. Apparatus*for; ng the-numbér' of wheel
rotations for each feeding and the numbet
of feedings per day ~ o

A. _Stopping lever of the wheel

rotation

B. Running wheel

C. Pellet dispenser

D. Apparatus for setting the

number of wheel rotations for

each feeding and the number of
e feeding per day
E E. House cage
o o
B

Fig. 1. Upper panel; The photograph of running wheel, Lower panel; Schema.
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=5 Cx BB & LT, Long-Evans-Tokushima (LETO)S v h%& CRF-1 ®ICTEHIE
s &, ABEONITA—F—ZRIELZ,

S R E 12 BEEEIBARS 1 7 )L(08 1 00-20 : 0021 CEREHET T, By —ITHEL
., EAE KE NEE1I—4BEIEEL. 2. —HoZ Y N TR, BOMWEERR
(oGTD) &fFo =, ZEREBFTRLNT, 24BHITPNT, IXRIVF—HEEZRELE,

3. BIEEE &HE

mEE. =T KK RENRRJEE M i EFZ A W T, BERLEZE 3 EEIEL. F
BETEEES L. .

g aeRE L, —BIERD DB, 7 K T8 2 gkg body weight & &5 L. R 54T, 30,60,120
SonEEEESEER (LZRNRESD) TRELZ.

IFNVF—RBBEIKTLTNSE, Fill 0—1 2RKRICBERED ]I L. HbAlc
CMEERE. T-FIVERBTICHEL. BEAEBRE DKL, i Tk ERzEHL
7=, Mil: EDTA RRREICERL, BLOEER. 122U 2, FEER. 2V
—)l, —=8T TNF-alpha, leptin Z&E L= 9,

THRLR-EEREE EEARMEOEDI. BIr— D EABRTA X0 7 ) VBT
v UN—DET, 02-CO2 H A HEERE (NEC Medical Systems Co. Ltd., Model Respina 1H26)
ERVWTHEELE, B 24 BROBZENEERLIUVRBIZEEEEZHEL. TRIVF—
WEEBE L 1 RSN/ D IEORLL (respiratory  quotient, RQ)ZEEHI U7z, MK RQ LD,
w2 (C-H), 5ZFat) DREELZEHLZ S,
Fig. 2.

Alr in

Flow meter

Solenoid |valve .

l—__J_—) Air pump

Program timer CaClz Metaboﬁc cage

Qz CO2] - ! Zf gJ @
2 02 COz —> f f

Recorder Computer

Standard gas
Gas analyzer

* Oxygen and carbon dioxide in the expired alr was continuously measured with an
automatic analyzer, :

Fig.2. The assay system of energy metabolism.
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body weight (g)

O FE#RER

F# LETO 5w h® CRF-1 K L2 A FOMEHEE L TITH T L’CTLL FEEMZ
OLETF v MEEEZE TR, oCTTKEB N LESTHONET L. ES OLETF
Ty b EDEN, BEEESFKTH .
1. REZLEEREEDREL
. CRF-1 BEBOEKEL({ZE Fig. 3 1TRLZ. BEERFETRE. ZLWEEEMRH SN
7%, 3000 m running/BE T, EHEAEON S 0%, EHEEMREHETIE, M6 0 XBEET
EENMET L=(Fig. 34). BREAEHEREDEEEMNASNLZN, NRELVE. €
EERTERNS SN, EEHBEE TR, CRF-1#EZERKEDFERZRLEZ (Fig. 3B).
HEn=n., LETO O#EZEN 2C KRl GREAE HERF T, CRF-1 HHER
B0 HBAENMEVNERERLZ(CRF-1: 27-34 g IK0 L THRE® 21-32 g/H).LETO
Sy hOEEEIT21-268/HTH o7,

Fig. 3
A OLETF-CRF-1 w B
600 4 /H .‘
o OLETF-high Na
OLETF-Ex = sy
500 £
o
]
5 L OLETF-high Na-FD
1 >
- OLETF-CRF-FD g
Q
LETO-CRF-1 w00 ]
300 4 ’
200 T T T 1 200 T
12 16 20 24 12 16 20 24

age, weeks
age, weeks

Fig. 3. Changesinbody weight. OLETF-CRF-1;Ad lib feeding, OLETF-Ex; 3000 m
running/day, OLETF-CRF-FD; food restriction, high Na; high sodium diet. N =5-8

for each group.
EAEEEEAETI, KOSENASNEZDT, BRFIRE BOBEODEEEERT

%)
BT, —EHOSy NEREWT, 1 7TESEIC oGTT 2B IR0/, WEEEEIEALDS
nrmo7 (Fig. 4), 2 3E#E® LETO 5w b oGTT % Fig. 4B IZ=7.
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. 200 B
o~ 200 4 —_
s |8 3
>
£ ) ’ < LETO-C
= -CRF-1
a l OLETF-high-Na & l :
) 2
[ S
E 100 g 100
o Q
Q c
g 2]
o OLETF-CRF-1 o
a g
g Q
3 2
=) [=7]
0 — ; 0 - T T
0 30 60 120 Q 30 60 120
time, min time, min

Fig. 4. OGTTin OLETF and LETO rats. The results shown in A are the mean of two
OLETF rats at 17 weeks of age selected at rondom. The Tesults shown in B are the

mean + SE, n = 7 for LETO rats at 23 weeks of age. An arrow indicates the glucose

ingestion.

2. IXNF—HEINED :
OLETF Jw k@ NIDDM REEMOIZRIINF—HEER XL, BEHIC2EEOE—T

E2RAET 22 24B#O OLETF Sv b TR, Z02EMAMELFEMLLEZ. UL, &
g, HOWIEEEHBEICLD. 2EENEHRsNZ (Fig. 5.

Fig. 5. Daily energy expenditure
in OLETF rats with food ro-
restriction. The peaks

were reproduced.

kd/hour

~
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T T 1
0 10 20 a0

time, hours
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Changes in Energy Expenditure
without daily exercise

(kdihe)

(kJd/nr)

\ T LE
24w —9— OLE?F
rt o
13d.
2% B _f'ia.-rm}f
Py e BAIFETTR
e ST *

4 6 8 10 12 14 16 18 20 22 29
Time

o 2

(Ichikawaetd. Jpn J Physid 1998)

Daily exercise without food
restriction normalized diurnal
rhythm of energy expenditure
and improved diabetic state
in genetically obese diabetic

rats
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4. MEDOEEH

MEETTIZ 1 2B& T, OLETF ©F4 LETO Zv hEKVFREICSEEZRLZ. 198
BTHEAES HETRNBo LA <. CRF-1 HHER. AAEHER. CRF-1 MERO
lETH o7 (Table 1),
Table 1. Systolic blood pressure at 12 and 20 weeks of age

OLETF rat ‘ ‘ LETO rat
Treatment CRFadlib CRF-FD hich Naadlib high Na FD CRF-1
Age 12 wk 140.7+ 1.9 - - - 120.1 +8.5

20 wk 151.9+6.6 133.3+6.1 169.1+5.3 144.64+6.8 139.0+%13.6

The value at 12 Weeks of age was before treatments. Mean + SE. ad lib; fed ad

.ljbitum, FD; food restriction, high Na; high sodium diet, wk; weeks of age.
5. TERBEEEOEL

MREEL, SEHICRITIEEERNRZNIENL, BRBEE/HKE (g/kg) THED
U (Table2), FFBEERIEERDICHS T, ERITED UL, '

Table 2. Ratios of organ wet weight/body weight (g/kg)

) OLETE LETO
CRF-1 ad lib CRF-1FD high Na ad lib hishNaFD CRF-1

Parmeters
Liver 3.6+0.1 2.0+1.3 3.1+0.1 2.1+0.1 2.9+0.1
Pancreas 0.15 £+ 0.01 0.16 + 0.05 0.14+0.01 0.17+0.01 0.23+0.01

Mean + SE, the abbreviations were the same as in Table 1.

6. MHE)NTA—F—

ME)$T A—F —DZefk% Table 2 iICLHT, HbAlc &MmfEX. CRF-1 %EETE@%’GE
S EbEEERLE, BHEEIERHIT. CRF-1, SAEHEEDICERARBEEZRLE T
IERs. VAT O—IHEOELDERTH o7,
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Table 3. Blood levels of HbAl, glucose, insulin, triglycerides, cholesterol, leptin,
TNF-alpha '

OLETE LETO
CRF-1 ad Iib CRF-FD  highNaadlib highNaFD CRF-1

Parmeters

Glucose 132.9+ 3.8 61.7+5.0 113.6 £ 3.4 60.3 + 2.1 106.3+ 2.5

(mg/dD

HbAlc (%) 3.5+0.2 2.56 +0.03 2.8 +0.05 2.5 2.7+0.03
Insulin 240.0 +24.0 119.0+13.0
(WU/mb

TG 239.6 + 18.7 19.3+2.3 114.8 +13.4 17.0+1.7 73.8+5.3
(me/dD

cholesterol  131.6 +4.3 71.6+4.2 106.5 + 3.8 102.54+ 1.7 113.8+2.6
(mg/dD

leptin 273.3+19.3 (Processing) 84.3 +9.0
(ne/ml)

TNF-alpha 165.1 + 35.8 86.7 +30.9
(pg/ml)

Mean + SE, the abbreviations were the same as in Table 1. Ex; exercise = 3000 m

running/day. The values of blanks are now determining.
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@E=R .
OLETF 5 MiE. TTIC1 2B THENLETO v hEDEL, MEDZF (Table 1),
WTNLHEREEDICLFERZRLE, SREEHERICLD, MELFRSSIEFRL
Boiz, —F. EEEZFEEL. EKEENEMFTS &, CRF-1 # TR, FEEILL 286
FUOBHEBEERD (1 2EHBEOEESRTEEERRY), FEEFHFITBVTH12E
BEFERALREESTETLE. SEAVZABORERESS Yy FORRENSHRET D
t\ﬁﬁeﬁmiﬁcm4§m§ﬁ$MQlwa\Eﬁﬁé@ﬁﬁ$M1v-26gcmn
EEERRETIZ 01 g £ SREEEHERTIE 1.6 ¢ THD. TEROFERIL. FEDOFHEE
DANE WD DFEETIE. BEERENZVWANOLENE RS, 2 EFEENRENDIRT

%, FENZTE OERS RS, &, BRTED,

EEz0sDN, MEEFESEIERICA> TS, W3 T LR, BRMIILENT
NBM, AAZALCDNTE., FHNH 5, HZL TR, BHEEN SQWENDTA b
S VEQEENEEINTNS, LIFURXREEOEELSO2EANH V. EEK,
OLETF v FTH, L IFUVEEQLENAEN D, £/, TNF-alpha, IL-6 2D
4 RAA B EIEED S AMENA A VIEFERERT S Y, BRLE, 7D VK
RN ETEF VUV URELATHZEF S F % OLETF v MCEHRELE
LT A, EERES<KELAVICHEMANAD ST, MEEOHENA 5N, [+ TNF-apha O
ZHEAETEROE Y, TOTy MRV T, IEZEELEEIS, 132 + 4.5 mmHg &K
FLTWwE, WAL TFo, 1A >, higlEl,. VATV EDNTA—F—1,
CA A& TR £<. BLTWRNS =2 EMNS, TNF-alpha OEFAVILEETIC
Bbo TWAREENEDEZEZIEND,

OLETF 5w P& 5NBEBEOERO—D LT, LA MFI(CCRA REFDR
BRBHITEND. IV CCK-A SEEBETIE. 8 10kb T, 520 exon &4 DD intron
M5 =5 TS, OLETF Svw hTit, TOE—4 —fEMEE A, exon 3 ETOH 6.8kb
PR LT, CCK-A ZAERE. MRICHEEL. BESREMNT D0, OLETF 7V
LT, SERERIEOED, CCKICEDEEMEINB T SRn oz 70,

GSBORE

fif - > 2 1) >, TNF-alpha, leptin QBIEN—EHM TR T L THR, BEFTETHD. IE
TR 5 R AT SRAWENSY, EHREEORESICEo T, SWEANRRDE
WSBENS 3 O, IEFHEEOEGIANS, MEOKESEAET 5. AERMECEDKC
FoTEZBNAARERPOEEED, FREEDRIOEENAENTENS, BESLE
EOERITE B IEHTOREND 5 EEA5ND, SEBEBGORE 2L TRRT 2.
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Effects of different concentrations of dietary salt on beneficial effect of
light, long-term exercise and food restriction in genetically diabetic rats

with a distupted cholecystokinin A receptor gene

Kyoko Miyasaka,, Mineko Ichikawa
Department of Clinical Physioloty, Department of
Nutrition, Tokyo Metropolitan Institute of

Gerontolo zy

Summary

OLETF rats were developed as a model of non-insulin-dependent
diabetes mellitus (NIDDM) with mild obesity. The daily profiles of
energy expenditure associated with two peaks (ome between 05:00 and
08:00, the other between 20:00 and 22:00) were observed at 8 weeks of
age (without NIDDM), while these two peaks disappeared at 24 weeks of
age with NIDDM. ILaboratory rats are normally confined to cages that
markedly rtestrict their physical activity. In these rats, the resting
energy expenditure accounts for 90 % . of the total daily enmergy
expenditure, while the daily pﬁysical activi.‘[y in humans consumes 30%
of the total daily energy ‘exp enditure. We loaded light exercise, which
consumed éncrgy equivalent to physical activity, and examined whether
this light .exercise improved age-related decline in energy metabolism
‘and glucose intolerance in OLETFrats. The effect of 60% food restriction
was also determined. These treatments improved pathological findings
in OLETF rats. Then, we examined the different concentrations of
dietary salt on blood pressure in these rats. When the body weights
were similar, the higher salt intake resulted in the higher blood pressure.
However, obesity itself, regardless salt comcentratioms in the diet,
increased blood pressure. The possible mechanisms of high blood
pressure induced by obesity might be due to increased p'lasma levels of
adipocytokines, such as leptin, TNF-alpha, and IL-6. The size of fat cells

and the plasma concentrations of cytokines will be measured in the

future.
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