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ABSTRACT

This study investigated how dietary fat affects muscle

atrophy and lipid metabolism in various muscles during

hindlimb immobilization in rats. Twenty-four male Sprague?Dawley rats had their left hindlimb immobilized and were
divided into four groups by dietary fat content and composition. The contralateral hindlimb (control) was compared with

the immobilized limb in all dietary groups. Rats (n = 6/gro

up) were fed a 4% corn oil diet (CO), 2.6% corn oil + 1.4%

fish oil diet (FO), 30% corn oil diet (HCO), or a 30% beef tallow diet (HBT)after their hind limbs were immobilized for
10 days. Data were collected for the gastrocnemius, plantaris and soleus muscles. Muscle atrophy was induced signifi-

cantly after 10 days of hindlimb immobilization, resulting in

significantly decreased muscle mass and total muscle protein

content. The protein levels of peroxisome proliferator activated receptor & (PPARS) in the plantaris, gastrocnemius, and
soleus increased following hindlimb immobilization irrespective of dietary fat intake. Interestingly, the PPARS mRNA
level in the plantaris decreased significantly in all groups and that in the FO group was lower than that in the other groups.
The soleus PPARS mRNA level decreased significantly following hindlimb immobilization in the FO group only. Muscle
carnitine palmitoyl transferase 1 (mCPT1) mRNA level was not affected by hindlimb immobilization. However, the mCPT1
mRNA level in the FO group was significantly lower in the plantaris but higher in the soleus than that in the other groups.
The pyruvate dehydrogenase kinase 4 (PDK4) mRNA level in the plantaris decreased significantly, whereas that in the
soleus increased significantly following hindlimb immobilization. The plantaris, but not soleus, PDK4 mRNA level was
significantly higher in the FO group than that in the CO group. The increased PPARS protein level following hindlimb

immobilization may have suppressed triglyceride accumulati
ferentially affected muscle atrophy according to muscle type.

on in muscles and different types of dietary fat may have dif-
Our results suggest that -3 polyunsaturated fatty acids may

suppress muscle atrophy and lipid accumulation by positively affecting the expression level and activity of PPARS and
PPARS-related enzymes, which are supposed to play an important role in muscle lipid metabolism. (Korean J Nutr 2011;

44(5): 355 ~ 365)
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Table 1. Composition of the experimental diets (g/kg diet)
Ingredient Corn oil diet (CO) Fish oil diet (FO) High corn oil diet (HCO) High beef tallow diet (HBT)

Corn starch 620.692 620.692 360.692 360.692

Casein 140 140 140 140

Sucrose 100 100 100 100

Corn oil 40 26 300 0

Beef tallow 0 0 0 300

Fish oil 0 14 0 0

Cellulose 50 50 50 50

AIN-93M mineral mixure 35 35 35 35

AIN-23VX vitamin mixure 10 10 10 10

DL-Methionine 1.8 1.8 1.8 1.8

Choline bitartrate 2.5 2.5 2.5 2.5

Tert-Butylhydroquinone 0.008 0.008 0.008 0.008

100 g3 0.04 mLA 5 W] FARSto] wps] AR A& A nology, Rockford, IL) T d RA 0= SAsH¢Ick HA

Astoick gohe BEwel A AHBkAon 4colA 2234 H wE MRS 20 pg¥ 217} loadingdti 7.5% SDS-

A W2 F 3,000 rpm & 2067 YAlEEste] @S PAGEAOIA #171%%3% ¥, PVDF membrane (Millipore,

2
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Tl === bicinchoninic acid (BCA)(Pierce Biotech-

Charlottesville, VA) 2.2 transferA| At} 2212 membrane
< 1:1,0009] H]&2 3]4% PPARS (SC-7197, Santa cruz,
U.S.A) specific 12} AR 4T A 3F20HE<2t RESAI7] AL,
HRP (Horse Radish Peroxidase-conjugated) 2} &4 (Am-
ersham, Piscataway, NJ)= 4204 1A|7F 9-GAIZITY, Bf
A90 & membrane®] -2 TS shehsg Al &
&2~ (west dura super signal plus, Pierce, Rockford, IL)=
detection A|7! &, Kodak X-Ray film2 2 7}A|S}gict th
2 AR Ao oju|x] BA 2 73 (Image J 1.44 densi-
tometric software)< ©]-8-5to] AFEstinh HE Ade 9l
o], Z}7}+9] lane®] loading®y} T2 o] H7jols oHE
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RNA3% ¥ Real-Time PCR

Total RNAE= 2= 9] Soleus, PlantarisZ25-E Trizol
reagent (Invitrogen, Carlsbad, CA)& ©|-8-3}o] Ea2js||yich
total RNA®] 5=} o= 2607} 280 nmol|A S33=5 =
A3} e}. Real-Time PCR ¥H§-—-2 Tagman gene expression
master mix A28} StepOne Real-Time PCR system (Applied
Biosystems, Carlsbad, CA)& ©]-835}0] 48-well F4] 0.2 24t
H 3}9c} Rat-specific Tagman primer/probe setsE PPARa,
PPARS, mCPT1b, PDK4 gene expression: peroxisome pro—
liferator activated receptor oo (PPARa): Rn00566193 ml;
peroxisome proliferator activated receptor & (PPARS):
Rn00565707 _ml; muscle carnitine palmitoyltransferase 1b
(mCPT1b): Rn01407781 ml; pyruvate dehydrogenase kinase
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isozyme 4 (PDK4): Rm00585577 ml: peptidyl prolyl isom-
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Table 2. Body weight, food intake and serum lipids of rats fed different diets during hindlimb immobilization”

co FO HCO HBT

Initial body weight (g) 338.08 + 4.48 340.92 + 3.53 338.43 + 10.22 335.75 + 2.59
Final body weight (g) 324.78 + 14.94 334.33 + 6.97 322.93 + 28.69 339.8 + 524
Body weight change (g) -13.3 + 3.89"™ —6.58 + 1.35 —15.5 + 2.41 405 + 1.36
Food Intake (g/day) 16.54 + 1.65" 18.35 + 0.60 12.74 + 0.88 1512 + 1.24
Serum NEFA” (mEq/L) 0.769 + 0.081" 0.617 + 0.033 0.612 + 0.100 0.706 + 0.118
Serum TG® (mg/dL) 78.49 + 17.74% 66.63 + 9.60 57.84 + 13.59 65.93 + 15.82

1) Values are the Mean + SE (n=6) 2) NEFA: nonesterified fatty acid 3) TG: tfriglyceride
NS: not significantly different among diet groups. Value with the different letters in the same row are not significantly different at

(p <0.05) by Duncan's multiple range test

Table 3. The fresh weights of soleus, plantaris and gastrocnemius of rats fed different diets during hindlimb immobilization” (mg)
CcO FO HCO HBT
Soleus Conftralateral 155 + 18.7 170 + 19.8 154 + 23.7 165 + 15.2
Immobilized 67 + 8.2 72 + 7.5 61 £ 9.0" 73 £ 52
Difference” -88.3 + 11.7" —-98.3 + 14.7 —92.9 + 18.9 —91.7 =+ 11.7
Plantaris Contralateral 345 + 42.8 362 + 32.5 343 + 25.6 345 + 13.8
Immobilized 208 + 17.2** 233 + 20.7** 223 + 23.6™ 210 + 12.6**
Difference -136.7 + 28.0" —128.3 £ 23.2 -120 + 18.3 -135 £ 18.7
Gastrocnemius Contralateral 1,737 £ 199.9 1,792 £ 112.1 1,734 £ 132.8 1,780 + 88.5
Immobilized 1,037 + 90.9** 1,103 = 130.6™" 1,101 £ 105.4™* 1,102 + 43.1%
Difference —-700 + 121.8" —688.3 £ 121.2 —632.9 +77.8 —678.3 £ 123.8

1) Values are the Mean + SE (n=6) 2) Difference =

immobilized-contralateral

Statistical significance was determined by t-test, where p-value is **: p <0.01: immobilized vs. diet-matched contralateral muscle
NS: not significantly different among diet groups. Value with the different letters in the same row are not significantly different at

(p <0.05) by Duncan's multiple range test
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Fig. 1. Effects of hindlimb immobilization on skeletal muscle
weight. Muscle weights normalized to body weights were as-
sessed immediately after ten days of immobilization in the sole-
us (SOL), plantaris (PL) and gastrocnemius in rats fed corn oil
(CO), fish oil (FO), high corn oil (HCO) or high beef tallow (HBT)
dietf. The data for contralateral and immobilized muscles are
represented by black bars and open bars, respectively. Values
are expressed as the mean = SE (n = 6). Stafistical significance:
= p <0.01 immobilized vs. diet-matched contralateral muscle.
The data for immobilized muscles among diet groups is not sig-
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o] Z713 212 PPARSS] mRNA 2 oFe] Z7jof oJt 7
¢1A] EA1gE A3} plantarisol A= A7 ©J8]f mRNA &
@ Fol Lo]8 FJHQl FaE-S BT (CO, 31.5%: FO,
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O ARE THE Ao] Fhofl Hsl WS S Btk Alojo] 9f
3] plantaris®] 7%, o8 AF (FO)oll4] PPARS mRNA
o] A4 ohelef kx| the| oA 7hY e
At} Soleusol|Al+= FO (contralateral, 74%: immobilized,
87%), HCO (contralateral, 56%; immobilized, 49%) 12|l
HBT (contralateral, 89%; immobilized, 77%)+ %% CO
T W ES Bl ¥, PPARo mRNA 3
G 7 EHoA B sRagol Ao Aol o -9
Ao g AFFS ukz| okofr)
PPARs®} #Heds|o] 5 W) A tiAE 2485)= 54
o] mRNA & ¥& Fig. 400 A & o 2%
AL &£ 28 g4 2 42 mCPTIE plantaris@} soleus

=

nificantly different at (p <0.05) by Duncan’s multiple range test. oA 5 S| 1A ) w2 mRNA 23 e] HalE Holx]
Table 4. Total protein contents in gastrocnemius muscle” (mg)
CO FO HCO HBT
Total protein Contralateral 400.6 £ 16.1 412.6 £ 13.2 395.6 = 8.9 398.4 = 4.7
Immobilized 2349 + 85" 247.6 £ 11.9" 250.3 + 9.8 246.8 + 47"
Difference” 1658 = 6.0 1649 £ 80 —1453 £ 2.5 —151.6 + 3.4

1) Values are the Mean + SE (n = 6) 2) Difference =

immobilized-contralateral

NS: not significantly different among diet groups. Value with the different letters in the same row are not significantly different at (p

< 0.05) by Duncan's multiple range test

Statistical significance was determined by t-test, where p-value is *: p <0.01: immobilized vs. diet-matched contralateral muscle
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Table 5. Triglyceride contents in plantaris, gastrocnemius muscle” (mg)
Cco FO HCO HBT

Conftralateral 1922 + 1.5 18.16 + 0.6 21.50 + 0.4 1791 + 0.8

PL TG Immobilized 11.71 £ 0.9* 1317 + 1.2* 13.23 + 0.4* 11.39 + 0.6*
Difference” -7.50 + 0.4 —4.99 + 0.5 -8.26 + 0.2 —6.52 + 0.5

Conftralateral 11.98 + 0.7 11.00 + 0.6 12.55 + 0.2 11.99 + 0.6

GAST TG Immobilized 7.33 + 0.1% 7.18 + 0.6* 8.40 + 0.7* 7.75 + 0.4*
Difference —4.65 + 0.3 -3.82 + 0.3 —4.15 + 0.5 —4.23 + 0.3

1) Values are the Mean + SE (n = 6) 2) Difference =

immobilized-contralateral

Statistical significance was determined by t-test, where p-value is *: p <0.01: immobilized vs. diet-matched contralateral muscle
NS: not significantly different among diet groups. Value with the different letters in the same row are not significantly different at

(p <0.05) by Duncan's multiple range test
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Fig. 2. Increased protein expressions of peroxisome proliferator activated receptor (PPAR) § by hiindlimb immobilization. Protein lev-
els of PPARS were determined by western blotting immediately after ten days of immobilization in plantaris (PL) (A), gastrocnemius

(GAST) (B

) and soleus (SOL) (C) in rats fed com oil (CO), fish oil (FO), high corn oil (HCO) or high beef tallow (HBT) diet. The data for

contralateral and immobilized muscles are represented by black bars and open bars, respectively. The representative western blot
bands are displayed with Coomassie Blue Stained gel to verify equal loading. Values are expressed as the mean + SE [n = 6 (PL,
GAST) or 3 (SOL)]. Stafistical significance: *: p <0.05 immobilized vs. diet-matched contralateral muscle.
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Fig. 3. Effects of hindlimb immobilization on gene expression of peroxisome proliferator activated receptor (PPAR) & and PPARu.
mMRNA levels were determined by real time-polymerase chain reaction immediately after ten days of immobilization in plantaris (PL)
(A) and soleus (SOL)(B) for PPARS, and in PL (C) and SOL (D) for PPARa in rats fed com oil (CO), fish oil (FO), high com oil (HCO) or
high beef tallow (HBT) diet. The data for contralateral and immobilized muscles are represented by black bars and open bars, re-
spectively. Values are expressed as the mean + SE (n = é). Statistical significance: *: p < 0.05, **: p < 0.01 immobilized vs. diet-
matched contralateral muscle, respectively. capital letters denote comparisons among contralateral muscles of all diet groups at
p <0.05; small letters denote comparison among immobilized muscles of all diet groups at p <0.05.
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Fig. 4. Effects of hindlimb immobilization on gene expression of key enzymes in lipid metabolism. mRNA levels were determined by
real time-polymerase chain reaction immediately after ten days of immobilization in plantaris (PL)(A, C) and soleus (SOL)(B, D) for
muscle carnitine palmitoyltransperase (mCPT) 1 (A, B), pyruvate dehydrogenase kinase (PDK) 4 (C, D) in rats fed com oil (CO), fish oil
(FO), high corn oil (HCO) or high beef tallow (HBT) diet. The data for contralateral and immobilized muscles are represented by
black bars and open bars, respectively. Values are expressed as the mean + SE (n = 6). Statistical significance: *: p <0.05, **: p <
0.01 immobilized vs. diet-matched contralateral muscle, respectively; capital letters denote comparisons among contralateral mus-
cles of all diet groups at p <0.05: small letters denote comparison among immobilized muscles of all diet groups at p <0.05.
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