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Survey on the performance of Bhutan national football team: Development of a scale for evaluating
problems during football games

Hiroaki MATSUYAMA*, Taisuke NAKAMURA**, Yoshimasa SUDA***

Abstract

Performances of the Bhutan National Football Team and the National U-19 in the 2011 South Asian
Football Federation Cup and the 2011 AFC U-19 Championship were examined by using an assessment scale. The
scale was developed for quantifying problems in soccer games to improve team performance. The results indicated
the following. Analysis of the technical aspects by using the scale indicated that the national team players and
U-19 players had a lower rate of successfully passing the ball, compared to their opponents. Moreover, the ratio of
their losing the ball was higher. Regarding tactical aspects such as the rate of controlling the ball and the number
of kicks, the national team and U-19 players were lower than their opponents. Concerning physical strength, the
number of national team and U-19 players that retired from games 15 minutes before the end due to muscular
fatigue was larger than their opponents, and they often lost points in the last 15 minutes of games because of loss of
physical strength. Regarding psychological aspects, both national team and U-19 players often made misjudgments
due to losing their composure and were dismissed from the field. Moreover, they often lost points in the first 15
minutes of games due to excessive tension and loss of concentration. Also, when they successively lost points, they
could not recognize the changes in game patterns and be more careful. These results suggest that the teams could
not dominate the games because they were inferior to their opponents in all four aspects assessed by the scale:

technical, tactical, physical strength, and psychological.
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Relationship between visceral fat areas at the different levels and metabolic syndrome risk factors

in middle-aged and older Japanese women

Yuki NAKAYAMA*, Ayumi IDO*, Kojiro ISHII**, Motoyuki IEMITSU*, Koji SATO***,
Masahiro FUIIMOTO*, Toshiyuki KURIHARA*, Noriko SATO-ASAHARA***%*,
Kiyoshi SANADA*

Abstract
PURPOSE: Accumulation of visceral adipose tissue (VAT) is closely related to metabolic syndrome, such as
glucose intolerance, diabetes, abnormal lipid metabolism, and arterial sclerosis. In Japan, diagnosis criteria for
metabolic syndrome has been determined by the waist circumference and VAT area at the navel level (around
between Lumbar disc 4 and 5). However, a previous study demonstrated that metabolic syndrome risk in Japanese
men was associated with the VAT area at 5-7cm above L4-5, not at the L4-5 level. Since an imbalance of physical
activity and caloric intake are related to accumulation of the VAT, we hypothesizes that the accumulation of VAT at
the different levels are related to physical activity and caloric intake. The purpose of this study was to investigate
the relationship between the VAT areas at the different levels and metabolic syndrome risks in Japanese middle-
aged and older women.
METHODS: This study provides a cross-sectional investigation of 50 Japanese women (Obese: 32, Normal: 18).
Consecutive MRI images (from 3cm below L4-L5 to 10cm above L4-L5) were used to explore the relationship
between each VAT area and metabolic syndrome risks (total cholesterol, HDL cholesterol, triglycerides, baPWV,
fasting blood suger, HbA1c, blood pressure and number of metabolic syndrome risk factor (MetSN) ).
RESULTS: Significant correlations were found between the VAT areas at the levels 8-10cm higher than L4-L5, and
HDL cholesterol, fasting blood sugar and MetSN (p<0.05) .
CONCLUSIONS: We found that the VAT area at the upper levels was significantly related to a metabolic syndrome
risk in Japanese women.
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Figure1. Analysis of visceral adipose tissue area.
Consecutive MR images from 3cm below to 10cm above L4-L5.
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Table1. Characteritics of subjects
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BMI = 25kg/ ni % Obesity #f (3244 ), BMI<25kg/ ni %
Normal # (1844) 124748 L7=. BMI 1% Normal ££74321.0
+2.5 kg/ nf, Obesity FEA330.7£55kg/ f TH v, (£
JIE 1 3R 1% Normal £ 7327.4+7.4%, Obesity i 7342.5+
4.5% T, Wb Obesity BEATEICEVMEZ R LT
(p<0.001). ARV v I v RFa—hLYRATKTT
1%, ZERERFMmAE, HbAlc (235 T Obesity #£7% Normal
LV ARICEVEZ TR L (p<0.05), HDL =2 L A
T u— VI ABEICEWETH - 7= (p<0.001). £/,
W L X —fEELE 1 Normal B£731863.1 4 398.9kcal,
Obesity i 731511.56+466.0kcal T Normal £ 7% Obesity
FEL Y bAEBICE WA LT (p<0.05).

B) Al#RERA 2

B O NIEARIATERIRL D 4341 % Table 21277 L7z, V-3
DB V10D 42T DO EBALIZ F3 1T Obesity #£ & Normal #f
ORI E /2 7EMNGR D BTz (p<0.001). F7z, Normal
T L Obesity HEO NIRRT O AZDOEIG ZMET Lz &
25, BEEIE EPNIBIEM mRE IR & o T

C) NgREHFEBEEX 4R Yy 7> FA—-LUYRY
HF & DEE
Efi & BMI & fRoh L7 S NIEIERG A & 2 2 AR

Total Nomal Obesity

(n=50) (n=18) (n=32)
Agelyears) 55.6 + 117 57.2 £ 83 54.7 £ 13.3
Height(cm) 157.0 = 5.6 156.4 = 6.5 157.4 + 5.1
Weight(kg) 67.2 £ 17.3 51.2 £ 6.0 76.2 14,8 %k
Body fat(%) %0 £ 9.3 274 =+ 7.6 425 = 4.6
BMI(kg/m?) 272 £ 6.7 21.0 £+ 26 30.7 = 5.6 *H*
Waist circumference(cm) 93.2 = 15.8 780 *= 8.1 TOL7 = 19 gk
TC(mg/dl) 2114 % 37.0 229.0 = 33.6 201.5 = 35.6 *
TG(mg/dl) 1001 =+ 3573 1002 £ T2.1 100.1 = 48.4
HDL-C(mg/dl) 68.2 + 202 80.8 = 226 61.1 = 14.9 %*x
Atherigenic Index 28 £ 09 A 1.0 2.4 =& 0.7
FBS(mg/dl) 100.0 = 24.1 89.2 =+ 9.7 1060 + 27.7%
HbA1c(%) 56 £ 0.7 5.8 + 0.5 5.8 0.7*
baPWV(cm/s) 1454.7 + 344.1 1554.4 = 465.1 1398.6 = 243.9
SBP(mmHg) 1344 + 20.6 136.9 = 27.8 133.0 = 15.5
DBP(mmHg) 79.3 + 115 789 £ 144 79.4 = 98
MetSN 1.5 =+ 1.0 0.9 *= 1.0 1.8 + 0.8 *

Mean+SD. BMI, Body mass index; TC, Total cholesterol; TG, Triglycerides ; HDL-C, High-density lipoprotein
cholesterol; FBS, Fasting blood sugar; HbAlc, hemoglobin Alc; baPWYV, Brachial-ankle pulse wave velocity;
SBP, Systolic blood pressure; DBP, Diastolic blood pressure; MetSN, Number of metabolic syndrome risk

factors.® p<0.05 vs Normal,***p<0.001 vs Normal.

Table2. Single-slice image areas

Visceral adipose

tissue(em 2) Total(n=50) Normal(n=18) Obesity(n=32) Difference
(%)
V-3 82.2 + 40.3 59.0 + 24.9 95.3 + 41.3%%* 61.7
V-2 89.2 + 41.7 59.8 + 24.4 105.8 + 40.2%%* 77.1
V-1 94.0 + 485 59.7 + 28.1 113.3 + 46.9%** 89.7
VO(L4-L5) 100.4 + 53.6 61.2 + 31.6 122.4 + B5Q.7¥** 100.0
A1 105.7 = 58.9 63.1 + 32.7 129.7 + b56.8*** 105.6
V2 109.4 + 61.9 63.6 + 33.8 135.2 + 59.1%¥** 112.4
V3 113.6 + 64.8 65.1 + 34.9 140.8 + 61.8*%** 116.2
V4 118.3 £ 67.0 66.7 + 34.3 147.3 + 63.3%%* 121.0
V5 121.5 + 68.1 69.1 + 35.4 150.9 + 64.3%%* 118.4
V6 1224 + 69.2 68.0 + 37.3 153.1 + 63.9%** 125.2
V7 122.6 + 66.7 67.7 + 40.2 153.4 + b58.3*** 126.7
V8 123.3 + 63.8 679 + 39.4 154.5 + 52.8%%* 127.7
V9 124.9 + 64.0 65.1 + 34.6 158.6 + 50.7%** 143.6
V10 125.0 + 61.8 64.1 + 33.1 159.3 + 45.6%** 148.4

Mean+SD. ***p<0.001 vs Normal.

Table3. Coefficients of the partial correlation between visceral adipose tissue areas

risk factors adjusted by age and BMI for total subjects (n=50)

and metabolic syndrome

Visceral adipose Total

tissue(em®) TC TG HDL-C  baPWV Al SBP DBP FBS HbAlc  MetSN
V-3 -0.10 0.21 -0.05 0.01 0.07 -0.10 0.02 0.10 0.08 0.10
V-2 -0.02 0.17 0.00 0.02 0.05 -0.02 0.11 0.10 0.00 0.09
V-1 -0.05 0.20 -0.05 0.06 0.06 0.06 0.19 0.14 0.06 0.21

VO(L4-1.5) -0.04 0.23 -0.10 0.09 0.11 0.09 0.20 0.18 0.07 0.23
Vi -0.08 0.17 -0.09 0.13 0.06 0.09 0.22 0.17 0.02 0.21
V2 -0.07 0.18 -0.16 0.17 0.12 0.12 0.24 0.19 0.04 0.24
V3 -0.10 0.16 -0.16 0.19 0.09 0.13 0.25 0.22 0.06 0.25
V4 -0.12 0.16 -0.19 0.20 0.10 0.15 0.24 0.27 0.10 0.28
V5 -0.13 0.19 -0.21 0.19 0.12 0.14 0.24 0.29 * 0.11 0.31%
V6 -0.16 0.22 -0.26 0.16 0.17 0.09 0.20 0.28 0.12 0.32%*
V7 -0.15 0.25 -0.28 0.09 0.20 0.02 0.13 0.29 * 0.13 0.33*
V8 -0.14 0.26 -0.29 0.07 0.21 -0.01 0.10 0.33 * 0.12 0.35*
V9 -0.22 0.23 -0.31% 0.07 0.15 -0.03 0.05 0.40 * 0.19 0.34%*
V10 -0.28 0.12 -0.35%* 0.00 0.12 -0.06 -0.03 0.44%* 0.24 0.29%

Mean+SD. TC, Total cholesterol; TG, Triglycerides ; HDL-C, High-density lipoprotein cholesterol; baPWV, Brachial-ankle pulse
wave velocity; Al, Atherigenic Index; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; FBS, Fasting blood sugar;
HbA1c, hemoglobin Alc; MetSN, Number of metabolic syndrome risk factors The highest correlation are indicated by boldface

values.* p<0.05.

7y Fr—50) 27 W+ & ORMAEHREZ Table 3
IZ, Obesity £ & Normal #EIZ /0 HE L2 fE SR & e
Table 435 J.Tf Table 5127~ L7z, ZEERFIAE IS FIEEEC 5).
R L Obesity BEICB W CHEARMEMBA RN

73 (Total : r=0.44, Obesity : r=0.41, p<0.05), VOTIiX
W# &b A EARAREIZA B2 7o 72 (Table 3, Table
ABRY vy Ra—bY 27 R REHIT4
el 35 O Normal BED _EEHEIC 35\ CH R 72 B
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Table4. Coefficients of the partial correlation between visceral adipose tissue areas and metabolic syndrome

risk factors adjusted by age and BMI in nomal women (n=18)

Visceral adipose Normal

tissue(em®) TC TG HDL-C  baPWV Al SBP DBP FBS HbAle  MetSN
V-3 -0.25 0.08 0.07 -0.24 -0.10 -0.14 -0.03 -0.12 -0.09 -0.24
V-2 -0.12 0.21 -0.06 -0.27 0.12 -0.18 0.01 0.01 -0.21 -0.05
V-1 -0.11 0.27 -0.18 -0.13 0.22 0.01 0.23 0.23 -0.16 0.10

VOo(L4-15) -0.06 0.30 -0.20 -0.03 0.24 0.12 0.36 0.26 -0.20 0.22
\a! -0.02 0.18 -0.05 -0.06 0.08 0.11 0.34 0.16 -0.26 0.15
V2 0.07 0.19 -0.06 0.00 0.15 0.18 0.42 0.19 -0.22 0.20
V3 0.08 0.13 0.00 -0.04 0.07 0.15 0.36 0.14 -0.19 0.14
V4 0.16 0.14 -0.01 -0.05 0.14 0.17 0.36 0.13 -0.22 0.20
V5 0.07 0.32 -0.10 -0.05 0.24 0.14 0.37 0.21 -0.24 0.31
A\ -0.02 0.48 -0.19 -0.03 0.38 0.07 0.32 0.33 -0.24 0.46
V7 0.02 0.48 -0.08 -0.11 0.35 -0.02 0.20 0.31 -0.22 0.48
V8 0.13 0.41 0.05 -0.09 0.28 -0.01 0.21 0.30 -0.29 0.53*
V9 -0.02 0.40 0.15 -0.05 0.12 -0.03 0.18 0.32 -0.33 0.53*
V10 -0.03 0.13 0.11 -0.08 -0.04 0.06 0.23 0.34 -0.30 0.35

Mean+SD. TC, Total cholesterol; TG, Triglycerides ; HDL-C, High-density lipoprotein cholesterol; baPWV, Brachial-ankle pulse
wave velocity; Al, Atherigenic Index; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; FBS, Fasting blood sugar;
HbA1lc, hemoglobin Alc; MetSN, Number of metabolic syndrome risk factors The highest correlation are indicated by boldface

values. *p<0.05.

Table5. Coefficients of the partial correlation between visceral adipose tissue areas and metabolic syndrome

risk factors adjusted by age and BMI in obese women (n=32)

Visceral adipose Obesity

tissue(cm®) TC TG HDL-C baPWV Al SBP DBP FBS HbAlc MetSN
V-3 -0.10 0.25 -0.05 0.17 0.07 -0.14 0.09 0.13 0.11 -0.07
V-2 0.03 0.21 0.05 0.25 0.04 0.05 0.23 0.10 0.01 -0.08
V-1 -0.03 0.25 0.01 0.26 0.01 0.13 0.28 0.12 0.07 -0.05

VO(L4-L5) -0.02 0.27 -0.03 0.31 0.07 0.16 0.27 0.16 0.08 -0.04
V1 -0.07 0.22 -0.09 0.39* 0.05 0.16 0.30 0.16 0.03 -0.13
V2 -0.07 0.25 -0.18 0.46** 0.12 0.19 0.31 0.17 0.04 -0.15
V3 -0.12 0.23 -0.21 0.50 ** 0.10 0.22 0.33 0.20 0.07 -0.14
V4 -0.15 0.24 -0.26 0.54%* 0.11 0.25 0.33 0.27 0.11 -0.14
V5 -0.15 0.22 -0.24 0.52%* 0.11 0.24 0.33 0.28 0.13 -0.11
V6 -0.17 0.22 -0.28 0.48**  0.13 0.19 0.29 0.26 0.14 -0.13
V17 -0.19 0.23 -0.29 0.41% 0.12 0.14 0.25 0.27 0.16 -0.11
A% -0.20 0.27 -0.34% 0.39%* 0.14 0.09 0.19 0.31 0.16 -0.08
V9 -0.27 0.28 -0.39* 0.36 0.12 0.07 0.14 0.37% 0.21 -0.07
V10 -0.33 0.21 -0.41* 0.27 0.10 0.01 0.01 0.41%* 0.26 -0.07

Mean+SD. TC, Total cholesterol; TG, Triglycerides ; HDL-C, High-density lipoprotein cholesterol; baPWV, Brachial-ankle pulse
wave velocity; Al, Atherigenic Index: SBP, Systolic blood pressure; DBP, Diastolic blood pressure; FBS, Fasting blood sugar;
HbA1lc, hemoglobin Alc; MetSN, Number of metabolic syndrome risk factors The highest correlation are indicated by boldface

values. ¥p<0.05, **p<0.001.

NEE D B LTz (p<0.05). baPWV % Normal A FJE
;@ﬁﬁﬁﬁ%LW%OkQZQw,WW@.ME
AL AT u— L TR E (r=-035 p<0.05) &
Obesity B (r = -0.41, p<0.05) [ZB T LIEEH THE
BOMBENALNTZD, VOTIEZEORBFRITA LI
/o717 (Table 3, Table ).

V. Z¥

AMFTED HEE, Elintcth a2 xt g & U IR
HREODAEAZRY) v 7 Ru—L) A7RT &
ORERICONWTHAT A2 Tho7z. LL, WK
NEMFERE DA E A X R v 7 v Rr—A Y AJ K
FOBEZRF LT-AFZEIE, 2 ETD L ZAmDT
D720 (So, et al, 2012) . AWFZETIL, 22 [E I I FE
baPWV, HDL I L 25— /L, AZRY v 7 R
=AU A7 RS, R o NIBEE G R &
DRI EARBIEN A 57278, LA-LSIZB W TIEN
JEREIHERE E AR Y v 7 Fa—L) R 7RTF &
OHEEREEITVWTNOEBE THLA LN o7,

AARNZEZ b5 LT ARTFZE T, LA-LSEL T
EAEBEREMITERD Do Tend, Thd 8-
10cm EAZIC VTR HfE & HDL 2 L A7 1 —

ZENERFMpE, A XKV v Fe—AU 2R
FIRAEE OMICAE LM% R L7 (Table 3). =
D EE, BATHEICBW TR b D Bz T
DOHTIEL, B bIALRY v Fa—A

U R 7 K% EREER O NIgAR AL & B2 2 &5
RIBEILD. BT, Obesity ff & Normal FEIZ/3%H L
TEOBBRERFLIZE Z A, MilEL &I L4-LoEAL

TIFA BRI N7, LIEHE O i
B DA, AZRY v 7 Ra—AU X 7K
L ORICAHE /BT Hiv7z (Table 4, Table 5).
F ARG TIE, AT E 720, Obesity FEIZ
VT TG AT OB O NI & O MICA B2
WX AN o7 L LN 5, HEFREX
LA-LBEAL & e d~ 5 & EfEH o iR E»-7-. Zh
SO, BT O LA-LEAT T o NS fifE o
BEE, B, RO THIMmE TIEA LR
Uy 7 v Ra—A0 A7 RT% T wRetEnd 5

EEZOND. TSR L TEERIZAZRY v o v
YR =LY R 7 KT E R EREAR S, A Z R
Vo7 Rr—AY A7 RFORMIZEY#EL W
AREMER B 2 HiD.

LA-LAENAL & 0 & _EEESIC B CINBIE I, g & A
AARY vy Ra—AY A7 R+ L ORE I EOE
HEBHT DA =XL0E, RERAHTHS., L
L, ZE206N5HAD 1L LTI, HESRICBITS
JFREDIFAED & T%ﬂo.ﬁﬁﬁ%fﬁ,wmh%@
BRI S 2O EBAL I LA-LAERAL Tix 72 <, 5-10cm
FOMIEAMAETH D LG TV D (Kuk, et al.,
2006). AAFEIZIBWNTH, EIEEH O NIEASI X

LA-LSBAL O NIBAR I EFE L D 20 &0 SRR
7z (Table 2). F7=, NFIEILHE - A5 RGO X
e <Td 5. PNIEARI N OIRIHHIIEIZE 2 & iz Pk
RERGIZ oM S, PMIRRZ 38 L CHFIgICmA L, 1>
2V ARG AR R T D7 Y, WNIBIRIG IR A L
TAXRY w7 vy Rua—A U AT RICEEE 5 2
LIENRBRENTND JLEAIEN, 2008). &5
\Z, JEATHRFEIZ B\ CTFIEE B, oi@k@%ﬂ%ﬁ
SENT-ANEEHEIG I, LA-L5IZUE\V VINGEIICE R S h
ToRIBAEING & 0 b IFIRIC B Y GA E 09 W ATREME S HE
SN T 5 (So, etal, 2012). ZNHDZ ENnD,

FIEEBIIZAIRIEN R E R S o3 <, BIEEIC T

2 NIBAR G O BRI TN 331 D - IRE RN s
T 5728, LA-L5HAL & 0 & G ES o> PNgAR i i fil 23
ABRY w7 Ra—AY A7/ TE X 0EELS

TNEEZLND.
Kﬁ T, WL OO OHIBRF 1% T S5
B, FHID, KA ORRE OEFHERIE55.60% TH

N, Bﬁﬁ;@%ﬁ@ IOonTEFFESh TH2Rn. —fk
(PR DIAMETPIBIEN S > E 0T < R D7, &
PRI B W CIEPARERTOHFH DB A TIXRRDER S

THRIND. 4%E, ARETO&IEL SR L L%
PULETHDLEZLND. H I, ABFEIERETT
TTHY, 5%IT, FUFHLREN AR & Dt
WrEIZ IR 2 2 LI Ko T, BRI 2 7= PlE N
HREOZAL & ORIER AL S D 2 0SS,
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Exercise training-induced increase in arterial apelin level affects endothelial nitric oxide synthase

activation in obese rats

Kenichiro Inoue*, Shumpei Fujie** *** Natsuki Hasegawa™* *** Naoki Horii**,
Masataka Uchida*, Koji Sato****, Motoyuki [emitsu*,**

Abstract

Purpose: Aerobic exercise training induces a reduction of arterial stiffness in obese patients. The vasodilation by
nitric oxide (NO) production via phosphorylation of endothelial nitric oxide synthase (eNOS) is involved in
the arterial stiffness reduced by aerobic exercise training. However, the effect of apelin, identified as a regulator
of NO production, on eNOS activation remains unknown. The aim of this study was to investigate the effect of
exercise training on arterial apelin concentration and APJ, which is apelin receptor, protein expression in obese
rats. Methods: After 14 weeks of a high-sucrose diet, 24 weeks aged obese male Wistar rats were divided into two
groups: Obese-trained group (n=6) , Obese-control group (n=7) . Obese-trained group was trained on a rodent
treadmill for 1 hour at 25 m/min, 5 days/week for 6 weeks. Results: Body weight was significantly decreased in
the Obese-trained group as compared with the Obese-control group, and citrate synthase activity in soleus muscle
was significantly increased by exercise training. Arterial eNOS phosphorylation (phospho-eNOS / total eNOS)
was significantly increased in the Obese-trained group as compared with the Obese-control group. In addition,
arterial apelin concentration and APJ protein expression in the Obese-trained group were increased compared with
Obese-control group. Furthermore, the arterial apelin concentration was positively correlated with arterial eNOS
phosphorylation in Obese-trained and -control groups (r = 0.605, p < 0.05) . Conclusion: These results suggest
that aerobic exercise training promotes arterial apelin concentration and APJ protein expression with arterial eNOS
phosphorylation in obese rats.

Key words; arterial stiffness, aerobic exercise, endothelial nitric oxide synthase, apelin
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[(BR] Ema OBIRECE TR KT 2238, BENZR
ABFAMEESNIBARELE A KT SRR H 5.
Z OBEFITIE, BIIRILE O PN R —R 4&%?’% Jﬂz@#?%
(eNOS) & v /37 it %4 U= B JEIRY —
fefb2E3 (NO) FEA DB G+ 5 2 & Me&i Sh
TW5. T4, eNOS{EMEDFHE 2B 2 A BRI M~
7'F K& LT apelin 75§|?J”Eéﬂf:. LirL7es s, it
E OAMEME N L—= 2 712 L 28R O apelin
FEAE DG eNOS IEEIZ BT 222>V TIEH 5
DT, mm]$ﬁnfm B E TV 7 v D
AREFME N L —=2 72 X 2 BRINE O apelin JRIED
254678 eNOS U U BABIEVEIC BB~ 2 2T DU TR R
TAHZEEZEME L. [AE] 1000 Wistar 2
Z v MBIRIZE Y 2 FER % 14 ER S E - 0T T
Ty MEMWT, BT (n=7) & IChmEE)
(n=6) O 2B/ 7=, IEmEE RS, 1R/ A,
5[/, 25 m/ 53D AE—RThLy RINVEE6
WRTT o7z, [(FER] ARREEBIRE o 4 T 1 AR <k R
L L THRIIKFL, 7 AMHERE 7 VBA
PSR TR LR o R & bl U C Ry E SR T
WICHIIML T (p<0.05). F7=, JEGESEEICI T
DEMRINAE O apelin i 35 K O apelin 52 ¥ KD APJ #
VX7 FEBLE, eNOS U 2 ERLIE M I Imm ot BRAE & b
BLTHBEICEML TV (p<0.05). 52, @ik
% @ apelin JEEE & eNOS U U LIGH: & OMICITA
BRIEOMHBRRIGED b (r=0.605, p < 0.05).
[iE&8R] IEmET VT > NOFBHFEE L —= 71
X BRI D apelin #2E D HI KT eNOS VU > ER{LIE
PEOBIMZB S L T 5 ATHEMEA RIE S vz,

Key words; BiiRAE(L, AEERMEER), PR ERilaE
FE k%R, apelin

#E

JEFHLLIAEREO Y A7 KT THY, IEMEFIE
2 L g U CL MR B OFIE U 2 7 38801 L T
WD ZENHMBILTUWD (Calle et al., 1999). Z DJFA
W0, R L i Ul O BIR LA o0 PN R AR
MET L, BRELESHR LTS Z EREE LT
% (Hallmarket al., 2014; De Filippis et al., 2006; Fang and
Tang, 2017; Fujie et al., 2017). —J7, FIEBMRAEEFM:
BN INENI R O N0 A s 2 720 T <, mE
PEBEREOSE L & b ICERIE(LE A IR T S®5 2 &
s 23 TU 5 (De Filippis et al., 2006; Fang and Tang,
2017; Fujieetal., 2017). LU 5, 20X H 721EH)
BHED 5 FREFIZEE L IR 13200,

—F#{t 22 3% (nitric oxide: NO) 1%, NO & k3 (NO
synthase: NOS) IZ LV, L-7/AF¥=vnbH L-v bl
TR S D BRICPEAR 41 5 (Palmer et al., 1988).
NOS IZ1%, PN NOS (endothelial NOS: eNOS), ##i%
7 NOS (neuronal NOS: nNOS),  #5 & M NOS (inducible
NOS: iNOS) @ 3FEFHD T A V) 7 +— L7038 2% (Knowles
and Moncada, 1994). NO XL BN D 7T =)L
v 7 T —E DG E I L 72 ¢<GMP (cyclic guanosine
monophosphate) ® 512 & 0 @RI & ihfE S & 5 E
W5 Z Lnn, BRI TIIC IV CEEREE
ZH oS TWD Z & AHE S LTV 5 (Rapoport et al.,
1983). SEATHMIZEICHWT, AR NL—= 210k
Y, BRI D eNOS U VLR T D & & b,
NO FEA (NO D RHFEW) T & 2 nitrate + nitrite: NOx |Z
E 0 FHM) AR L, BIREEE IR TICEE TS 2
E WS ST D (Hasegawa et al., 2018). & D 7=
O, HEHEME N L —= 71281 % eNOS # /37 %
PEOFEIET 2 5T 2 2 LIFRERRETH S,

T, eNOS & > /37 OIEMHIfED 1 212, apelin &
BRI B A2 BRSPS 7' RN [EE & 4172 (Tatemoto et
al., 1998; Jia et al., 2007). Apelin 1%, PNEZHAG o a5
\ZAFAET 5 apelin Z 24K (AP)) LHEATDHZ L2k D
AMP IEMEL 7 2 7 A % F—F (AMP-activated protein
kinase: AMPK) #/1 L7=, H L<IE, R"RRATZ7F VA
/¥ h—/13- % J—¥ (phosphoinositide 3-kinase: PI3K)
NoTaTA ¥ —E B(Ak) ZJr L7z eNOS VU v



SRR IR 2RISR

et DTiHE & & HIZ NO FEA AR X W 2 EA AR
5TV 5 (Ishida et al,, 2004). £ 7=, &IMLJEET L
Z v MZapelin ##&5 L& 24, MENFEICETF
L7273, NO &l # R E 4 R c &G L5 A
%, BIESRIEIE SN Z LD, apelin 1XNO %
I LTS IERIEA A 5 5 2 & 23R & T % (Ishida
et al., 2004; Lee et al., 2005; Tatemoto et al., 2001). Apelin
&, TEWGAERE, CENE, O, CERERS, M & oRERE
W BLNGRD 5L TUW 5 (Kleinz et al., 2005a; Kleinz et
al., 2005b). SEATHFZEICBWT, ElLEET /LT v b
FlEHEMN N L —=v 70, B8R O apelin & £ <2
mRNA %5, 2K TH5H API mRNA 4 AH 5123
MEFTZ & &EHE L TV 25 (Zhang et al., 2006) .
Apelin 1%, RO AP L FEET 52 Licky,
eNOS U ViRfb ZTLHE S ¥ 5 Z & h, Bk i (A
10> apelin % EE° APJ FEHLO G KL eNOS U U fiRfk s
TP MEERBE ORI E o TERETHDH EHE XD
NS, LinLehs, IEM#EOFBRAEER N L—=
202 & 0 TR T 0> apelin JFER0 APT # L 28 27 3¢
BENEIT 50060, £, eNOS U »Efbifith &
DRI DN T H ] ST,

Z ORI, e ATy FEAWT, A
R IEEE) b L— = 712 X BRI 0 apelin 24
BEAP) ¥ 37 EBLE O eNOS U 1l
HHEICE ST e o TaT 52 2 HE L

. ORBFZETIE, GBI b Ly N VIES) & I E
TN7w MZTERML, BIRME O apelin <> APJ
H Ry B RERGTT D L L HITeNOS U Uk &
DOREM IOV TRE L.

I. B

A) SIREW

108 s O Wistar REZ v M (AAT ¥ — /LA - Y
R—11E) 13PEIZ 5 v 2 B A 1438 ﬁﬁﬁé@tmﬁ
ETIVEMW A ERIG 5 72 912 (Sato et al., 2011),
i CEIBER, SEOERESYEICRD XD, B
o bom— LR (IE R B 7 ) :Botoﬁaﬁﬁﬁ;zz
FE N L —=2 7 (EWEBHE : 61L) O 2 FRIZH
e fAEE, |IE26E1 °C, JRE50+5 %, 128

5534 % FRL304ET A

L OB A 7L (8: 00 am.-8: 00 p.m.) DEREE T T
17V, @ a BERETE (68 % D 3 B, 20 % DX
X7, 12% OIFEOBE) 3B LOWA A Z8/KITA
B S 172 (Sato et al., 2011). JEWEEEIREL, K&
FL—= 0 VT O48IERI%IC R h L EZ— L) R Y
7 (fRE 1kg $729 0.1 ml [6.48 mg] O 5) %8
FENTES CIREE FIC T, Blic X 0 2R se7-. %
D%, KER 5 RKENIR > & JEE R BIIREAL) 3 &
Vb J AFEM L, BAERAEKIZTERL, 35
LT\ IR AT Y bR, kR &2 HE LBk
RIRERITCHAE L, 9 a17 9 £ 7T -80 CTMmElfk
17 U7z, MERTEREEE, MR EEhEE & FE R CRBED
FIECTHEY TR Lo, RERIT, HEKED
Y FEREB S ORRAE G THEM LT,

B) EEARMENL—=2T

JEMER L, h Ly RIVEEICER S 729012 b
L—= BB 3 A, 10-15 m/ 5y DA E— KT
MLy RINEEIT-T. 0%, 18/ B, 5[
/i, 25 m/ D AE—RThLy RIVEE 6 M
1To7z. b l—= 7R OEENRE 1L — & & HEFF
L 7= (Sato et al., 2011).

C) B#Er 7 L B& B3 (Citrate Synthase: CS) ;&%

LT ARGV TN EKBTCTHREY 2T A4 ARy
7 7 — :1mM Tris-HCI (pH 7.4), 130 mM NaCl, 250
mM sucrose % VN CHREY = F A X L7112, 9,000 g,
0 CC20 ML L, XLy MIKREY 2 A ANy
Ty—%Mz, FEELZ. £ LT, 600g 0CTIO
EEL L, &bl EiE%8,000 g, 0°CT154y iz
L7k, XL b %250 mM sucrose C iR LY
TV EAER LT, CSTHMEIE, 182 ul @ iRE (100 mM
Tris-HCI [pH 8.0], 1 mM 5,5-dithio-bis [2-nitrobenzoic
acid]), 10 mM acetyl-CoA &, 50 ul DY > 7 L& IRA,
30 CT24, £ yFa~—DFL, 10uD1I0mM
oxaloacetate & Il X, F#SRIE M KOG % 43 YL E 5 (BIO
RAD #H84) 12C, 412 nm THIFE L, ZOUSELED
S L72 (Satoetal., 2011).

D) EMARINEARBED & > /37 RIAFER
B L2 REIRMERE Y~ 7 g, AEY =) A X
/N 77— 120 mM Tris-HCI (pH 7.8), 300 mM NaCl,
2 mM ethylenediaminetetraacetic acid (EDTA), 2 mM
dithiothreitol (DTT), 2 % nonidet P-40, 0.2 % sodium
dodecyl dodecyl sulfate (SDS), 0.2 % sodium
deoxycholate, 0.5 mM phenylmethylsulfonyl fluoride, 60
pg/ml aprotinin, 1 pg/ml leupeptinz & VN CTHE Y =)
A ATz, 2Ok, 4°C, 30 Lc > 7 i
12,000 g, 4°CTClspME L L, fFohi EFEZ v~
NI e Ui, X 2% 7 B &L, Protein
Assay Rapid Kit (Wako £18) % v C oy et
Y, 605 nm (2 T #ll & L 7. phospho-eNOS & J O
eNOS, APJ % > /37 38ElHJ, Western blotting %% H
WCHIE L7z, fli L7240 pg & > 2% 7 43 il 1%
Laemmli buffer Z V96 ‘CTLO4 RIMEA L7z, %47
W& 2737 1310 % SDS-polyacrylamide %7 /L & Pkl
(SE-8024, AU T H LA 2 A A Y4 Z T
T SDS-PAGE I & ¥ 4y #E L 7=. SDS-PAGE #%, PVDF
A7 L (Millipore #8125 /37 %20 V, 6045 fH
DEMFFICTBE L., BESNAYT LU, 5
% skim milk, 0.1 % Tween 20% % ¢¢, Phosphate-buffered
saline (Blocking buffer) Z VT, =T 1~ 2 v
X/ L. 7y XU %, 1 RFLK : phospho-
eNOS (1:1,000; Santa Cruz Biotechnology £ # ), eNOS
(1:1,000; BD Biosciences #: %), APJ (1:1,000; Millipore
#80) 1%, 1% Blocking buffer TR L, 4 “C TI2MHFRH
A vFaX— Lz FUSKIFA T L2 & PBS-0.1
% tween (2 C3EIPEH L, WIZ, 2 KFLIA: anti-Rabbit
IgG, HRP-Linked F (ab’) 2 Fragment Donkey (phospho-
eNOS ¥ L TVAPJ; 1: 500047 #R ) & anti-Mouse IgG,
HRP-Linked F (ab’) 2 Fragment
Sheep (eNOS; 1: 3,000%7 #R, GE
Healthcare £ ) % 1 % Blocking

Healthcare Biosciences system (LAS image 4000) &
ImageQuant TL ¥ 7 ~ ¥ = 7 (GE Healthcare £1:%) %
VT Ry BB A E AT LTz

E) XEIRME apelin iR

KENIRALRE T apelin 2L, & /X7 BT O
P> 7"V % BT ELISA 7% (Phoenix Pharmaceuticals f1:
) KO HE L, WOCEMIE, v M7 e 7 L—h
U — & — (xMark Microplate Spectrophotometer; Bio-Rad
Laboratories #1:#4) % F\ CT450 nm O E THIE L, 12
YRR & & > 7L O KRENRFERLH apelin £ % &
H L7 &3 7 v o RENRFHR T apelin 1T T =
TV A FTHEL, O 2 DOMEOFEE A AR H
DY Ry FTHIE LTz filfia vz,

F) #EEtRE4R
AWFIERE RN, TN CRYE SRR TR L.
2 R OB RNEE H OigIE, SO0 T E 2
iz, F7z, KENRINE apelin #& £ & %\ % APJ
KRy REBE L eNOS U Vb OBIfREE T Y
DOEBMRENC K-> THREHT 2 & &b, HEURICLY
AR A RO, fERER (p) 1% 5 % Al & A B /K
&L, f#HTICIE StatView 5.0 (SAS #1:8) % v 7=,

. #&=XR

A BRESLUHES, KBBREH

FIERa3 A 0D A TV AR FRUPE & PR L TR IR
TLCWe, 72, EIAEBL T AFO s =
i G I S TG ME VISR e FRUPE & Pl U C AR B ©
HEITHIN L Tz (p<0.05) (Table1).

Table 1. Animal characteristics

buffer THIR L, 6047 [HI=IEIZ Obese
N S . p Control Trained
frFas—bLi. TOR (0=7) (0=6)
PBS-0.1 % tween (2 °C 3 [l P {4 L Body weight () 696.2+9.7 620.8+24.6°
- AL T L%, 3Ot W Soleus weight (mg/g, body weight) 0.35%+0.03 0.57+0.04"
Soleus citrate synthase activity (umol/g/min) 11.0+0.3 19.2+0.4"

(Luminata Forte Western HRP

Control: sedentary obese rats induced by high sucrose diet, Trained: obese rats underwent 6

Substrate) 4 ml |2 5 4> [Eli2 1, GE

weeks of treadmill running, *p < 0.05 vs. Control, Values are mean = SE.
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Figure 1. Arterial eNOS phosphorylation in Obese-
control and Obese-trained groups. Representative

immunofluorescence images of (p-eNOS) and (t-eNOS)

are shown. Relative eNOS phosphorylation was

represented as fold changes from obese-control group.
A.U., arbitrary units. Data are expressed as the means

* SE.
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Figure 3. Arterial APJ protein expression in Obese-
control and Obese-trained groups. Representative
immunofluorescence images of arterial APJ protein
expression are shown. Relative arterial APJ protein
expression was represented as fold changes from
obese-control group. A.U., arbitrary units. Data are
expressed as the means += SE.
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Figure 2. Arterial apelin concentration in Obese-control
and Obese-trained groups. Data are expressed as the
means * SE.
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Figure 4. Correlation between arterial eNOS
phosphorylation and arterial apelin concentration (A)
or arterial APJ protein expression (B) in Obese-control
and Obese-trained groups. Open circles showed
Obese-control group and solid circles showed Obese-
trained group. A.U., arbitrary units.

B) XEIRINED eNOS U > Bk

KERMLE D eNOS U > (L i% % (phospho-eNOS /
total-eNOS J8 L) 1%, ek HRAE & Fhiie U C B E
BHEECHEICHIN L Tz (p<0.05) (Figure 1).

C) KEMRINED apelin iREH LU APJ 2 2 /N EIRE
KRERIMAE O apelin FEETE,  HEGHRGEE & g LT
REE T Eh B CA IS L Tz (p < 0.05) (Figure
2). F7z, apelin DZFEETH D API ¥ /37 DK
IR DFEB AT, Nk R & ELie U T i s i
TAHBEITHIML T\ (p<0.05) (Figure 3).

512, KEMRIMAE O apelin #EE & RKENIREKEH O
eNOS U UB{LIENE & ORICIE, A ERIEOFHBIBR
NaBH BTz (r=10.605, p < 0.05) (Figure 4-A). L >
L7 s, KENRMEMEH D APY % /37 3881 & eNOS
U gAbiE & oML, MBERERATRD b Lo
7= (Figure 4-B) .

V. Z%

AWFFETIE, BIREEL U A 7 3HEKT 2 Il E 7 v
F v bERWT, AERFRMED L —= 7k 58
IR IfL%E @ apelin 2 5 K N APT &# /8 7 3 H DI
1673 eNOS U U ERALIEPEIC B B3 5 DM SV TRET L
Jo. RFRIZBNT, BT v FoFEEREES h
L—= 2 7N L0 BRI @ apelin 322 3 X O apelin
SARD AP # 37 BEHL L, eNOS U VBTG MEIE
HEICHEML TWE, &5612, eNOS U »Efbifthix
BRI O apelin 2 & A B2 EOMBIRIRARD &
AVTDS, AP Z X g BLE & OMICIZERIED RO
DAV Do 7. Apelin L KIRMAE 12T eNOS U i
LOTEMEH R Z 5| S ZFEHR B 5 2 & B EATHHE
IZBWTHE STV 5 (Ishida et al.,, 2004). Z D7z
O, KBIFEOREEND, BT > FOFEmEE L —
=2 N2 X BRI D eNOS U VBRI B I
%, 0L 72 apelin OZ KK TH D API #0 L%
BB LT B Al R ST,

MBS 1L, BRI D eNOS U v ERLIE 2K T &
H, NOEAZWTI L TW\WDZ &b, EREE(LE A
HRT 5 Z ENHE S TS (Ma et al., 2010; Fujie

etal., 2017). FexlL, JEW@EEE KT 2 8 M OH
M N L —= IR LE AR T ST & & b
2, Mo NOx JREZBMS W, FEEE L —=
U K D EIREEAL EE AR T 1 i NOx 95 EE oD #4n
BRI 5 Z & & L7z (Fujie et al, 2017) . AWFSE
FERTIE, BTy bOFMAE L —= 7128y
FIRIME D eNOS U A LIEEA NI 5 2 L 285
P LTz, Iaidix g, WE 7 v MRV THESRENE
b == ZREIRIIE O eNOS U >R LiE L= i
NOx JEE AR SH 5 & &b TR DFFIE T
2 FER - KIRE IR O NRBARTE R L MR T 55 2
LEHMELTWD (Hasegawa etal, 2018). F7=, HiE
FMEFL—=r7Ic X Bl F NOx/&%r“@Ml:é:@Jﬂﬁ%
AL DAL & DR ﬁ@*ﬂ%ﬁ%@ﬂmx W Bz Z
N, BRI O NO EEA DA K 2 I Lk 1L E)
REEEE DR T 25 EH T EDRRENTWND
(Fujie et al., 2017). L7228->TC, ZIHDMERMND,
NEmiE OAEENE b L—= 1 712 L D EIRE L O
2IE, BRI D eNOS U B LIGE DB A L
7-NO EADH KA E L TWD AlgEENE 2 5 b.
AWFETIE, BWET VT > MBI AR EE
FL—=U 728 5T, KRBRMAE O apelin #E R K
N AP] # 237 3¢ 8LHE, eNOS U U ERLIRIEN A =S
BT 22RO 6N BITHIRICENT,
apelin [T HINLICAFET D2 BIED API EHAT 5
Zlicky, AMPK #4r L7z, & L<IE, PBKMDH
Akt 241 L7z eNOS U b fiElC & W NO FEAE %
RESELEEHNEZET D ERHLMNIRSTND
(Hu et al., 2016; Busch et al., 2015; Yang et al., 2014) . 4
ITHFZEIC BT, BRI ER LOEMEET VT v b
|2 apelin Z§¢5- Lz & 24, IUHEMIMES A EICIKT
L 7= 23, NOS [l % 3 T & % L-NAME (NG-Nitro-L-
Arginine Methyl Ester) Z [FRf 1245 L7255, BEER)
TR S T2 2 E R E TS (Ishida et al., 2004;
Tatemoto et al., 2001). Z L6 O EATHFIEIZ LD,
apelin [XENAR ML O PN BB IZ R L3 5 Z AR D APJ
EREAETHZEIZLY, eNOS U UEMEIGEEZ A LT
NO FEA AR S, BIIRNE ZESE 5 2 &SR
I TWD. ARWFERER T, BT » k@ eNOS
U VBRGSO BN & EHR A apelin & EE O & D
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I IEOMEBIRIRNGED bTZiR, ZEETH D API

H Ny B EIXBRMEN R D B LR o Te. AT
RIZE Y, @i EET VEWICHBREE L —=
T FEME LTRSS, EiEIC X o TR R LTV 2Bk
i %& @ apelin & £ ¥ X O apelin mRNA % Bi, APJ
mRNA IR HFICHM L2 Z & AHEShTnD
(Zhang et al., 2006). L7z > 7T, JEMET LT v b
OFMFEMN N L—= 71 L 2 BRI D apelin A
DI APY ZEMRE I LIzl o 7 F AR %
BRIZ KD eNOS U U fbiG ik & B9 S & 7 wTREME B
Y %)

FATHRZEIC BT, IR RERIC X 2 it 7 v
Z v NCIHABEE N L—= 712X 0 M apelin 32
ERFRBIIRT L2 & 284 LTWD (Yang et al.,
2015). F7z, MMHEEFOHEEFEMEA L F — UL b
L—=27 (80 - 90 % F KRB OIER IR T 4 47,
65 % AT 3% 4~ b) TIE, I apelin
BEAABICHRLEZZEAHREENLTND
(Nikseresht et al., 2016). Z & 512, B DA
PEER) b L—=2 712 L D i apelin JE O LIz —
TE LT WSREDS DAL T eV, Apelin 13, AR,
B, O, CERSRR, WA 7R & ORI BLAGE ©
LT % (Kleinz et al., 2005a; Kleinz et al., 2005b) . A
e ClL, AMENE N L —=2 712 X 2 EIRMAZ NI
B BINEZ B Uk R, Bk O apelin 72
FENFEITHEIM L T\ iz, KUFIE O BRI N O
apelin J2 L O KIE, BRMEIZ X 2 apelin © H 5
W AER I L7256 Etholgss» b EAEAS D
apelin O K3 MK %St L CEIRM A IZA/EH L7256
MEZLND. LMLRND, AU CIXAIERE b
L — = 7T K Bl o R 0 i 2B 28R R0 i iR R o
apelin JREZHE L TW e, D7, FEEHEME R
L —= 71 X % apelin FEADZAGIZ DT REAL s
& MR OIRIE DO BIFRME O FER 2 Bai9- U, B/
kPN O apelin JEEHIMOBEFT A HMNICT 5 Z B3 T
ELHMH L.

AWFFETIE, BRI LFEEE CH 2 SHER - KRR
W DONREARTE R E 2 JE Lo loizd, IEMET L
T v N OARMEEN N L—= 2 72 X D ERAE L E DA%
TAECTWENEIAHTHS. FDD, IBWMET

5534 % FRL304ET A

Ty FOFBHRERE L — = 22 K HBEIRLE O
apelin R JE O HI K & TR & O R E’Jfoﬁ?ajﬁ%k@ﬁgL
PEIZOWTIHEHA L NCTHZENTERSTER, 4
%, SORLMEPLETHD.

V. &R

AWFIEIC LY, IEHET VT > M5 6 ##O
HEARME N L —=70F, KENRIME O apelin &35
JOVAPI # R EHBEOHIN & & b1, KERM
D eNOS U VR LTEIE OB NGRSO b, £z,
BhIR {0 apelin & 2 O Z5{LIZ TR M. © eNOS U >
A LIEE D 2L & ORI IEOHBEBIR 2GR O H a7z,
PLLORERNG, MW7 > bOFRBHREEN L —=2 7

LERINAE D eNOS U R LG ORI L,
JN U7z apelin @ AP 52 5K & /1 L 7= f&BR 3 B 5- L C
WD ATREMVEN R S iv7c. AR O AN, AEER
PEEE) b L—= o 7 N0 O BRI AR S
553 A B = AL, KRENRILE O apelin FEE DR
MBI LTS TR AN IR STz,
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