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ABSTRACT

Lifestyle modifications such as regular exercise, dietary treatment, and blood pressure
(BP) control, etc. are recommended for an improvement of metabolic syndrome risk
factors. This study was conducted to examine the effects of exercise (Ex), dietary (Diet),
antihypertensive medication therapy (Capt), and a combined treatment with each of

these therapies on risk factors of metabolic syndrome. The risk factors involved include
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body weight (BW), visceral fat mass (VFM), BP, glucose intolerance (GI) and
serum lipids in Otsuka Long Evans Tokushima Fatty (OLETF) rats, being obese-diabetic
models. Sixty-four male OLETF rats were divided into six groups. Each therapy was
conducted from 21 to 31 weeks of age. Ex group participated in voluntary exercise using a
rotatory wheel, and Diet group was restricted to 70% of the food intake consumed freely
by the other groups. The Capt group was administered about 20 mg/kg/day with Capt
every day. The combined exercise with dietary treatment (Ex&Diet) group exercised
every other day, and was simultaneously restricted to 80% of the food intake. The
combined exercise with Capt treatment (Ex&Capt) group exercised, while taking Capt
every day. Sedentary control (Sed) group maintained an inactive lifestyle throughout the
experiment,

BW in Sed and Capt groups increased with aging, and conversely Ex, Diet, Ex&Diet
and Ex&Capt groups showed a significant decrease in BW compared to that of Sed and
Capt groups during therapy. BP in Ex, Diet and Ex&Diet groups had a tendency to be
higher, but Capt and Ex&Capt groups had lower BP levels during therapy. Ex, Diet,
Ex&Diet and Ex&Capt treatments improved GI and serum lipids levels, and reduced BW,
VEM and subcutaneous fat masses (SFM). Especially worthy of notice is the fact that
Ex significantly reduced VFM compared to the amount reduced by Diet, although there
was no difference in the reduction of SFM between Diet and Ex treatments. Capt improved
serum lipid levels, but there was no improvement of GI, nor a reduction of VEM. There
was no difference in the improvement of GI and fatty metabolism (FM) between Ex and
Diet treatments, except that VFM reduction by Ex was greater than that by Diet treatment.

A combination therapy including exercise, diet and antihypertensive medication
treatment may be more effective for the improvement of metabolic syndrome risk factors,

particularly complicated with hypertension.
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B3 B G OBEIZIE —TCRE ST & 4T
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1 Effects of exercise, diet, medication therapy and combined therapies on change in body weight during therapy in OLETF rats.

26wks A 29wks A

20wks 23wks A
Sed (n=15) 547.7+49.1 5364 £46.0 -11.4 + 3.1 ***
Ex (n=15) 538.8 £ 375 4855+ 27.1 -53.3 & 104%%*
Diet (n=8) 519.1 £258 504.0%22.8 -15.1 £ 3.0 *#**

Ex&Diet (n=8) 592.3+14.8 521.8 £ 31.8 -70.5 £ 17.0%**

Capt (n=9) 556.7 £260.0 5459 £-41.1 -10.8 +18.9

Ex&Capt (n=9) 573.0 +47.3 495.7 =446 -77.3 2.7 #**

5789511 312420 *** 6058+37.7 581+ 114*H*
4763 =250 -62.5+ 125%** 503.0£25.9 -35.8 & 11.6%**
40494270 -243+£1.2 ** 4761176 -43.0182 #*k*
4754 £ 19.1 -116.9 4.3 *** 4735+ 276 -118.8 &= 12,8k
5423 +477 -143+123% 576.6+39.1 19.9+20.9%*

460.9 £ 33.1 -112.1 &= 14.2%%* 480.7 £ 26.8 -92.3 £ 20.5%**

X == SD, **: p<(.01 *#*: p<0.001, compared with body weight measured at 20wks in age.

FRGLLEW U, 29 B I Ex B ICHER LA
B (p<0.05) %/RL7:. Ex & Diet DK
D23 BEMLUEEE 2B LR, 29 BRI
13 118.8 + 12.8g iR L 72, Capt B DAE L2638

¥ TR LA, FRLRERHL, B

B0 gDBINTH o 72H%, SedBIZHHBLA
BREMETH - 72, Ex & Capt BEOKE L 21 i
DUREMICRA L, 26880 TIX112.1 + 14.2¢
WA Licb Do, 20BEEIIESE DY NY v F
L2,

108 [ O FREL v O PR M EZA L 2 B 112
AL7z. 68FE D 10~ 2085272 > CTHES
Wiig L7-2%, 6MMICHEBEEI R o7, 20~29
i T TOFEHIM  Ex, Diet, Ex & Diet# 0D
MmAEE#EE T HiF/2. —F, Capt BXUEx &
Capt H DM E 1 23 B2 5 FE (p<0.001) (2
WAL, ZFO%BKEI Rk L7z, 29 HEEREO

mmHg Systolic BP

ML & Capt, Ex & Capt# %1 128.8 7.6,
127.2 + 6.0mmHg THZERII 2 Do 72,
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KEREIfE B & BRI~ 120 4858 > BS Bf&fE % 3
BSfEE UTRL 7z, FEETOMERART BSfEIX6
BRICEEZEIRC, SHMICBWTHBEER
THEZEE o7z, LA L, SedB & U Capt#f
TR RPHBELRTMATH o 72, 10 OH
%:f%, Ex, Diet, Ex&DietB L I'Ex & Capt & D
2HEMEB LS BSEAELKMEEZRL, #HIC
Capt O S BSWAEELmEX R L. —7,
Sed, Ex, Diet$ & U'Ex & Diet BEQOBIEK T
DIfiFE7 V7 P 3 Y (Fruct) ERFIREFR
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1 Effects of exercise, diet, medication therapy and combined therapies on
changes in systolic blood pressure pre- and during therapy in OLETF rats.
X £ SE, *: p<0.05, **: p<0.01, **#: p<(.001
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2 Effects of exercise, diet, medication therapy and combined therapies on
responses of blood glucose after oral glucose administration in OLETF rats.

Pre-injection after Zhr = BS
(mg/dl) (mg/dl) (mg/dl)
Sed pre- 104.7 = 17.0 -~ 3637+118 12215+2039
(=15 post- 156.7 + 38.6 356.9 % 72.2 1316 1559
Ex pre- 119.3+41.3 300.2 + 104.7 1163 +149.0—;,
=15)  post- 1269+ 22.7 226.6 + 536 8238 £966 —
Diet pre- 049+ 21.6 337.9+£820 — 1124.5 £ 2854 —,
(n=8) post- 123 +1638 256.6 + 37.9 — 803.6 + 110.9—
Ex&Diet  pre- 1355+ 254 397.6 + 108.7—, 13364 + 1483 ——0,
(0=8)  post- 128.1 +£43.7 250.1 £ 44.1 — 8709 + 992 —
Capt pre- 109.8 + 9.8 293.1 429 984 +118.8—
(n=9) post- 147 +323 360 =+ 143.1 1287.9 + 286 —
Ex&Capt  pre- 1116 +175 32471 — 1077.1 £ 199.7——(;
(n=9) post- 107.4 + 329 210 +259—— 8139 + 686 —

X &£ SD,*: p<0.05,#%: p<0.01,**#: p<(.001, pre- v.s. post-therapy
= BS indicates sum of blood glucose value measured before, and 30,60 and 120 minutes after oral glucose administration.

mg/dl  Serum LDL-C mg/dl Serum TG

30 200
160 T
20 T
e ': 120 [ g e

} ; rrerigs
10— i _iisss i . Sl A

539 : g5 | seg 998 |

ioge 1583 ' 55% 40 - $5%

Sed Ex Diet Ex& Capt Ex&
(n=15) (n=15) (n=8) Diet (n=9) Capt
(n=8) (n=9)

Sed Ex Diet Ex& Capt Ex&
(n=15) (n=15) (n=8) Diet (n=9) Capt
(n=8) (n=9)

[]2 Effects of exercise, diet, medication therapies and combined therapies for
10 weeks on serum LDL-C and TG concectrations in OLETF rats.
X = SE, %%: p<0.01, 3%%: p<0.001 vs. Sed groups, *: p<0.05, **: p<0.01, **¥; p<0.001

231.1+34.1, 230.3+36.9, 192.4 + 14.1, Capt B TG i FE 1S Sed BEZ LB L A B K6 T

1739+ 3.2 u MAT& 1Y), Capt$ X U¥Ex & Capt
B3 163.6 £ 8.5, 158.9+12.3 p MAT, 28
WICEREI o7,

2. 2. 2 MBEREREAOE

M#FELDL-CB XU TGIRE X 2I1I/RL 7.
Sed # D LDL-CiREIZHE L, fbiFoEIIA R
LBEMETH 7. F72, Diet HEIZHE L Ex# O
HAFEIEETH Y, Capt#5-HMTY Sed B
JUDiet IR LEERRETH - 72, EHL
Capt 723 Diet FE 295 2 £ 12X ) ik
LDL-CiREMRTIZ—R#EFE & ko7, MIFTG R
BENDORES LDL-C LA TH 7. LHL,

74 ¥ b AR — 7 H4E Vol 28
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—7, Captf&5-HMIZ X % IL{% TC IREEND 2%
3 S h o 7.

2. 2. 3 HHBRAO

REL ) O TR ER (SEM), WEKBETS
HE (S VFM) BXUHAES (g/kg) ZR3C
7R L7z, Ex#¥, Diet#$ X UFEx & Dietfif D =
VEM B & UFSFM i Sed BE |2 tb A~ 3.7 0 058
gaANT. F72, DietHEICH~NExHO S VEM IE
AREIKMEEZRLL. —7, Capt#EDSVEM B &
O THRBEAR (SFM) 1 Sed f & A EEHN % <,
SVFEM B & 'SFMANDFEBII A L L b o 7z,
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X3 Effects of exercise, diet, medication therapy and combined therapies for
10 weeks on visceral, subcutaneous fat mass, and skeletal muscle mass in OLETF rats.
X = SE, : p<0.05, 3%: p<0.01, %5: p<0.001 vs. Sed groups, *: p<0.05, **: p<0.01, *#*: p<0.001
note = VFM indicates sum of f. mesemterium, f. retroperitoneum and f. epididymis weight. S Muscle indicates sum of m.
tibialis anterior, m. extensor digitorum longus, m. gastrocnemius, m. soleus and m. plantaris weight.

KT, EEIDEIRMIC VEM &L 45 »
GO ERRIES 5720, RERDESFEBEETH -
72Ex# (-35.8+11.6g) & Diet#f (-43.0 £38.2g)
OWEAER = ORI ICH T 2 M E (2

VFM/S (VFM+SFM)) tbz#&Hm L, H#EglL 72,

ZF DR, ExBEOHENFRLREETIED » 7254
BER P, HOSBEFIPEETH -7
Ex & Dict #®D = VFM/S (VEM+SFM) Hi
0.764 +0.058 TH 1), Diet HH (0.842 + 0.024)
WCHREBEICEMETH Y, Ex, Diet B L UEx &
Diet #HDAEN ) FRHEROLF (3
Muscle) {3 Sed BE 2 LA ZICEME (p<0.001)
TH-727% Ex & DietHEBICIIEEZE I 2D -
7. J A% (M.Soleus) E®IZDOWTH 3
Muscle & [EIFDMEETTH > 72,
2. 2. 4 MBREREEAEREDRE

Ifii& TC, TG, LDL — Ci##f 1 X IEE#£ D
OGTT T b/ 3 BS & 3 VFM 3B L UFSFM &
DM OBEA Rz, M4 IZI3fRkE L S VEM,
SFM B & 'S muscle & ®B# % 7R L7z, OLETF
7 v b OEREBEMIZSFM (r=0.720, p<0.001) X
DL VEM OBINIZ K & <ARFE (1=0.906, p<0.001)
LTwWa., 3 muscle bEEFINTAICOo0,
i (r=0.687, p<0.001) LTw7:.

% TG # %1 VEM (S VFM, r=0.782,
p<0.001) & X UHELHAEIRIE (= BS, r=0.702,
p<0.001) & ORENCHHELFEIREN, VEMD
Bims e 2 KT (2 VF— = BS, r=0.804,
p<0.001) SV TWVWAZ L HERINS. —F,
SFM & [fi% TG (r=0.473, p<0.001), = BS
(r=0.583, p<0.001) & DORFHEMEIZEA -7 (F5).
1fiLi#% LDL-C 33 X U"HDL-C #2553 X Ui B e T
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X4 Relationships between body weight and = VEM, SFM
and X Muscle measured post-therapy.
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