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Effects of Exercise Intensity on PGC-1a, PPAR-y, and Insulin Resistance
in Skeletal Muscle of High Fat Diet-fed Sprague-Dawley Rats

Hyun-Lyung Jung and Ho-Youl Kang

Exercise Metabolism Laboratory, Department of Physical Education, Kyungpook National University

ABSTRACT This study investigated the effects of exercise intensity on PGC-1a, PPAR-y, and insulin resistance
in skeletal muscle of high fat diet-fed Sprague-Dawley rats. Forty rats were randomly divided into five groups: sedentary
control group (SED), high fat diet group (HF), high fat diet+low-intensity exercise group (HFLE, 22 m/min, 60 min,
6 days/week), high fat diet+moderate-intensity exercise group (HFME, 26 m/min, 51 min), and high fat diet+high-in-
tensity exercise group (HFHE, 30 m/min, 46 min). After 4 weeks of high fat diet and endurance exercise training,
the lipid profiles, insulin, and glucose concentrations were determined in plasma. PGC-la, PPAR-y, and GLUT-4
contents were measured in plantaris muscle. The rate of glucose transport in soleus muscle was determined under
submaximal insulin concentration (1,000 pIU/mL insulin, 20 min) during muscle incubation. Plasma glucose during
oral glucose tolerance test in HF was significantly greater than that in SED, and plasma glucose levels in the three
exercise (EX) groups were significantly lower that those in SED and HF at 30 and 60 min, respectively (P<0.05).
Plasma insulin levels in the EX groups were significantly reduced by 60 min compared to that in HF (P<0.05). The
protein expression level of PGC-1a as well as muscle glucose uptake were significantly higher in SED and HF than
those in the three EX groups (P<0.05), and HFHE showed significantly higher levels than HFLE and HFME. Expression
levels of GLUT-4 and PPAR-y were significantly higher in the HFLE, HFME, and HFHE groups compared to the
SED and HF (P<0.05). Therefore, the results of this study indicate that 4 weeks of high fat diet significantly developed
whole body insulin resistance but did not affect PGC-1a, PPAR-y, or the glucose transport rate in skeletal muscle,
and exercise training was able to attenuate deteriorated whole body insulin resistance due to high fat diet. In addition,
high intensity training significantly affected PGC-1la expression and the glucose transport rate of skeletal muscle in

comparison with low and middle training intensities.
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Table 1. Composition of the experimental diet

Contents NC HF
Casein 200 200
Starch 150 111
Sucrose 500 370
Lard - 170
Vit. mix 10 12
Mineral mix 35 42
Cellulose 50 50
D,L-methionine 3 3
Choline bitartrate 2 2
Cholesterol - 10
Corn oil 50 30
tert-Butylhydroquinone 0.01 0.04

NC, normal control diet; HF, high fat diet.

Table 2. Four weeks exercise training protocol

Group Exercise intensity
HFLE 22 m/min, 60 min
HFME 26 m/min, 51 min
HFHE 30 m/min, 46 min

HFLE, high fat diet+low-intensity exercise group; HFME, high
fat diettmoderate-intensity exercise group; HFHE, high fat diet+
high-intensity exercise group.
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SAsF L, dF A&FHLS AtE Alek(Lincoplex Re-
search, Inc., St. Louis, MO, USA)S o]-&3}o] WARA WA

=AW (radioimmunoassay) 2.2 #4133t}

THM M S A(citrate synthase, CS)
Fdas BAE 98 S (plantaris muscle) S
21718 4N (100 mM Tris-HCl buffer pH 8.1)3} 3H7
&2 £33 t}2 polytron homogenizer(Kin—
ematica, Littau, Switzerland)2 23}l ch, o423l
SZA L 0.4%9] Triton X-100 buffer(pH 8.1)& ©]&3}
o 1:9=2 FFAAFY. F3F A (spectrophotometer) 2}
Fl(cuvette) S 37°C A8 3 A 2F(100 mM Tris-HCl
pH 8.1, 1 mM DTNB, 0.03 mg acetyl CoA)¥} 3]A3 <=
A% Mg & 1~383 ¥AS o 10 mM ox-
aloacetate® 7}t 3% 412 nmellA] 13 HH o=

5~9%3} citrate synthase activityE A3 H20).

Muscle homogenization

HH 2 A7HE 45N (20 mM tris-HCl pH 7.4, 1%
Triton X-100, 50 mM NaCl, 250 mM sucrose, 5 mM
NasP207, 50 mM NaF, 0.5 mM PMSF, 2 mM DTT, 0.1
mM benzamidine, 4 mg/L leupeptin, 50 mg/L trypsin in-
hibitor)®} 37 1:20 H]& 2 £33 t& polytron homog-
enizer(Kinematica)2 &3}ttt #d3}s 2x23)
7l HL 16,000X goll Al 4°C, 40+7F AA41E2(VS-550,
Vision Scientific Co., Ltd., Bucheon, Korea) 3}¢] 5l
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Western blotting

T2 3tE S (plantaris musle)?] &2 DC protein
assay(Bio Rad Laboratories, Hercules, CA, USA)Z o]
L3le] whald A=k &9 tl. Laemmli sample buffer
(125 mM tris, 20% glycerol, 2% SDS, 0.008% bromo-—
phenol blue, pH 6.8)2 1:2 3|45} 95°Ceo|A] 53t T8
gk & 22,000% gl A 133 A4 8t A w2lst
At dHAs e A5 HE 10% SDS-polyacryl-
amide gel electrophoresis(PAGE)°| =43 t}& #7]9
&(Mini Trans-Blot Electrophoretic Transfer Cell, Bio
Rad Laboratories)dt § transfer buffergE ©]-8-3}o]
PVDF membrane .2 o]&A| Zt}. Membrane> T-TBS
(BHX10F)Z A& 3t 10% skim milkE o] &3} 60&
ZF blockingdt ¥ 12} &) (sc-1608; goat polyclonal an—
ti—-GLUT4, sc-13067; rabbit polyclonal anti-PGC-1aq,
sc—-7196; rabbit polyclonal anti—-PPAR-y, sc-20357;
goat polyclonal anti—-GAPDH, Santa Cruz Biotechnol-
ogy, Santa Cruz, CA, USA, 1:1,000 dilution)el] o] v
(4°C with gentle shaking, overnight)3}$it}. T-TBSE
ol g3le] MH3I 5 membrane> 23 FA(81-1620:

5
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ZYMED Laboratories, South San Francisco, CA, USA;
#7074: Cell Signaling Technology, Beverly, MA, USA,
1:2,000 dilution)®} $H7 60 &< vl F3laL oA Al H 3}
&}, Proteine X-ray filmo] ECL Western blot de-
tection kit(RPN2106, Amersham, Arlington Heights, IL,
USA)E AF&-3te] A|Ztslstoint. X-ray film AlZtshe W=
= 270 ¥ Image J(http://imagej.nih.gov/ij/, Image Proc—
essing and Analysis in Java) T2 13-& o]-&3}4] densi-
tometry analysis(gel internal density and gel peak

analysis) B o g2 EX359 T}
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L HHE L HIAE A Q] glucose analog 2-de-
oxy-D-glucose(2-DG)(American Radiolabeled Chemicals
Inc., St. Louis, MO, USA)E ¢]&3l9 543 tH2D). &
AL A8 95 7SS AEAL SA 25 Wl glu-
coseZ AA3F7] 98] KHB(32 mM mannitol, 8 mM glu—
cose, 0.1% BSA)°l 60%7F AldsAqt. A& 3 32 mM
mannitol, 8 mM glucose, 0.1% BSA(1,000 plU/mL in-
sulin, absence or presence)”} ¥H-%¥ KHBel| 2087+ uj
oFslgtt. thAl 10E-7F 36 mM mannitol, 2 mM pyruvate,
0.1% BSA®l A3 % deoxy-D-glucose, 2-[1,2-"H]1(2.5
uCi/mL)¢k 16 mM["*C] mannitol(0.3 uCi/mL)°] ¥H+¥
1.5 mL KHB(36 mM mannitol, 4 mM deoxy glucose,
0.1% BSA)(1,000 pIlU/mL insulin, absence or presence)
o 30°C, 203t akqlch. Al Wiele] 2-DGe] 4w
scintillation counter(Wallac 1220 QUANTULUS, Perkin-
Elmer Inc., Waltham, MA, USA)E o]-&3}o] 1083 54
33T,

SAIXz
7y A4 Ui A= T4 BT 22 (meantSE)
£ AbEsglon SAH 242 SPSS 18.0 FAXZZ 1
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(SPSS Inc., Chicago, IL, USA)& ©]
A 2 AA = HztE dotrr] ¢85 o AHEA
(One-way ANOVA)E& o]&3l%la, He 3k f9o4
Duncan's multiple range test® 2 A|3le] /X0.05 5
A1 B aLstSiTh.
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Table 3. Changes of body weight (2)

Group Pre Post

SED 88.6£1.8 228.2+2.6"

HF 88.6+1.7 252.62.7°

HFLE 88.4£1.6 231.6+£2.7°

HFME 88.2+1.6 237.0+4.1°

HFHE 88.3£1.6 234.1£3.4"

SED, sedentary control group; HF, high fat diet group; HFLE,
high fat diet+low-intensity exercise group; HFME, high fat diet+
moderate-intensity exercise group; HFHE, high fat diet+high-
intensity exercise group.

Values are means+SE (n=8). Values with different superscripts
are significantly different (P<0.05).
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Table 4. Fasting plasma lipids after 4 weeks exercise (mg/dL)
SED HF HFLE HFME HFHE
TC 64.6£3.1° 80.6+4.2° 68.8+3.3" 70.3+2.4" 68.8+2.6"
TG 62.1£2.5° 82.4+8.7° 46.2+2.7° 48.8+2.0° 46.8+2.0°
HDL-C 30.8+1.7° 25.0+1.0° 29.6+3.8° 30.4+0.8° 33.3+1.1¢

SED, sedentary control group; HF, high fat diet group; HFLE, high fat diettlow-intensity exercise group, HFME, high fat
diet+moderate-intensity exercise group; HFHE, high fat diet+high-intensity exercise group.
TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol.

Values are means+SE (n=8).

Values with different superscripts in the same row are significantly different (P<0.05).

Table 5. Plasma glucose insulin during OGTT

Glucose (mg/dL)

Insulin (ng/mL)

Group 0 30 60 0 30 60

SED 199.1+0.6" 242.1+0.6° 221.5+0.8 2.65+0.18" 4.73+0.69 2.63+0.38%
HF 176.6+0.7° 270.0+1.0° 248.5+0.9° 1.88+0.26" 7.00£1.24 3.64+0.47°
HFLE 157.9+0.7° 207.5+0.7° 188.60.6° 1.05+0.15° 6.04+1.16 3.48+£0.47°
HFME 147.9+0.6° 197.9+0.6° 178.3+0.6° 0.84+0.14° 5.83+0.71 1.79+0.35°
HFHE 144.8+0.6° 190.5+0.7¢ 173.4+0.7¢ 0.88+0.13° 5.63+0.57 1.66£0.23°

SED, sedentary control group; HF, high fat diet group; HFLE, high fat diet+low-intensity exercise group; HFME, high fat diet+
moderate-intensity exercise group; HFHE, high fat diet+high-intensity exercise group.
Values are means+SE (n=8).

Values with different superscripts in a same column are significantly different (P<0.05).
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Fig. 1. Citrate synthase activity in plantaris muscle. SED, seden-
tary control group; HF, high fat diet group; HFLE, high fat di-
et+tlow-intensity exercise group; HFME, high fat diet+tmoder-
ate-intensity exercise group; HFHE, high fat diet+high-intensity
exercise group. Values are means+SE (n=8). Values with differ-
ent letters on bars are significantly different (P<0.05).
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Fig. 2. Expression of GLUT-4 in plantaris muscle. SED, seden-
tary control group; HF, high fat diet group; HFLE, high fat di-
et+low-intensity exercise group; HFME, high fat diettmoder-
ate-intensity exercise group; HFHE, high fat dietthigh-intensity
exercise group. Values are meanstSE (n=8). Values with differ-
ent letters on bars are significantly different (P<0.05).
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ent letters on bars are significantly different (P<0.05).
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different letters on bars are significantly different (P<0.05).
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