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Effects of High Protein Diet and Anabolic Steroid Administration on
Skeletal Muscle Atrophy Induced by Hindlimb Suspension in Rats

by

Hideki Yamauchi, Kyozo Yonemoto
Sports Medicine Laboratory, The Jikei University School of Medicine

ABSTRACT

The effects of dietary protein levels and anabolic steroid ad-
ministration (stanozolol, 1) mg/kg body weight per day) on altera-
tions in some properties of rat soleus and plantaris muscle by hin-
dlimb suspen'sion (3 weeks) were studied. Female rats were assigned
to six groups : control (CONT), suspension (SUS), suspension with
ababolic steroid treatment (SUS+AS) for 20% —casein and 30%6 -
casein diet respectively. Wet weight and maximum tetanic tension
(Pua) in both muscles decreased considerably by SUS. In only soleus,
specific tension (P.../muscle cross sectional area) decreased. This
_result indicates lower myofibrillar protein cocentration and higher
interstitial fluid volume in SUS than in CONT.

The decrease in twitch duration and fatigability in soleus were
induced by SUS, but not in plantaris. Inhibitory effects of AS on the
loss of weight and Pmax were found, particularly in fast—twitch
plantaris. This observation supports the evidence that AS may have

fiber—type specific effects. In suspended soleus fibers, however, cen-
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tral corelike lesion and disruption of intermyofibrillar networks were

observed. The percent change of these aberrant fibers was significa-
ntly higher in 20% —casein SUS than in 20% —casein SUS+AS, 30% -
casein SUS and SUS+AS. These results suggest that the higher
protein diet and AS diminished the pathological changes. No effects

of AS were observed on twitch duration and fatigability.

We provided some evidence to suggest that anabolic steroids

durihg unweighting ameliorate the loss of weight and force—generat-

ing capacity in skeletal muscle, regardless of the amount of dietary

protein which is required for growth and maintenance of muscle in

the present study.
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1. BIRAGE

1.1 ERBYELUEE

F34 %S » + % 168V T, EHES
BROREL 3 2 >0k (20% casein B X T 30%
casein) FIEfICT, & SICHREE, HEME
B, RERE+ AS B8, BTEEFEL, 1
B & b~ TILo#sEp 4T/, HEICH
Wi EEfR Ok ER 1 1R L, NWE
W EERT 30% LI ELoEABESROMEHI&SH
HEEZEZ ON2Y, HEBRELRE 3EME L
fo. BEOBBPED BB AEFE—IC T 57
¥, BIEEEHAEL, WREL X OCREgEE
+AS B I3 EHEOK & KWV REERE &[5 UERE
THBEI N, BEEHOMKEIEBE L.

#£ 1 Composition of diet (g/100g)

Ingredient 20%casein | 30%casein
Casein 20 30
Cornstarch 58 48
Cellullose 8 8
Corn oil 6
Mineral mixture
Vitamin mixture 2 2
Total energy 366 366
(kcal/100g)
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1.2 AS#E

AS T BHALIER DD 15\ stanozolol (17 6-
3, 2]
pyrazole, ILZWNEEE) ZHWV, THERO 27— il
WKiARL, AE1kgdH-0 10mgDEATIH

18], BERE FERIcTE LT

1. 3 SRORAZE

SEFEWIRGFR T, pentobarbital sodium
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¥ b5 AHTR05Y, BEMHTI 0377

1. 4 FiRifES 1 TOHE

SRITIEETT > TORBVWERORIEF & & 5
fricowT, —20Co27Y+2% v FNTHE
o EEE U % ER% L, pre—incubation pH
4.3, 4.6, 10.4 ® myosin ATPase Beft%ffi L 7.
pre—incubation pH 10.4 T3 pre—incubation
IZSELB, 4CD 5% NTFHRIVATIVTEF

hydroxy - 17 a- methylandrostano
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(pH7.6) IAHPT 5 AMIEE L 729, §ohfid
Ao Sk~ type I, DA, IX, IBICHH
Ut pH 43 & 104 THRAS Y = ZUGHSE
SR OVERMIc>W T typeIC & Lk,
DA THFCED ER I A TR A EH
L7z,
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BROMEIIFEEBERETH OO L, FHH
D 7% DK E I 17 Student— Newman—Keuls ¥
EEHWV, 5% OEREES > THEE LI
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PRI IRFERY O (R ldout JRAT 12 Ho~H9 2096 1K fE
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DETITELL -7 (1), &35 A8, BEMH

FERRBREEEC L 2EKEORDE LR, &35
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20% Casein 30% Casein

BJ1 Body weight of each group. CONT ; control
SUS ; Suspension SUS+AS ;
with stanozolol (10 mg/kg body weight/’.
day)

a; P< (.05 (CONT vs. SUS, SUS+AS)
b; P< (.05 (SUS vs. SUS+AS)

Suspension

HERE B L cGE, BB R EE
TREEICEEEZRL .

—F, BREBE+LASKHSHOE S AHBLY
EEHERIBBBERICHNEL, LEEE
FHERIHBHOMEICKHL, DT TR EVL
FThote. ThoDEALIF 20% casein BFB &
U 30% casein & & b ic[E] R Z R L 2.

2. 2 iUEMREDZEL

RSB B X OCREEBE+AS BEHICB L
T, k7 A FHOBHEEOIHE « SRR X RET I
HAEEZRL (B3). 7, REBERERE
B AEAEBIE THE L2854, 20% casein &
icH, 3096 casein B THIREFE OfExHE (20%
casein &, 39.02 * 6.51 ; 30% casein &, 25.10 £
2.83), XMEfIcH 3 B4HxHE (20% casein &,
0.80 ; 30% casein &, 0.51) & bIfEWHEEZRL,
BEENED LN, oL, BBIRERE
K OREEEE + AS 5B O RIERICB VW TIEN
HMEEEZRZR OO T,

RIBRER DR EAETR /), mIcEWTH
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ETERE A2 60TH -1 (F4). BHliEkEd
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O CONT
SUs
50~ B SUS+AS

Soleus Weight/BW (mg/100g)

150 p=

125 =

100

75

50

25

Plantaris Weight/BW (mg/100g)

30% Casein

0
20% Casein

&2 Soleus and plantaris muscle weight and ratio to body weight. Abbreviations
and significant symbols are the same as those in Fig. 1
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B]3 Twitch contraction and relaxation time of soleus and plantaris muscle.
Abbreviations are the same as those in Fig. 1
; P<(0.05 (CONT vs. SUS, SUS+AS) b ; P< (.05 (SUS vs. SUS+AS)
% ; P< 0.05 (20% casein SUS vs. 30% casein SUS, SUS+AS)
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B4 Maximum tetanic tension and specific tension of soleus and plantaris muscle.

Abbreviations and significant symbols are the same as those in Fig. 1
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5 Fatigue resistance of soleus and plantaris muscle. Abbreviations and
significant symbols are the same as those in Fig. 1

corelike lesion P FEEHDE T I EHE OV
Mt Ic i a iz £/, ASEHITLDES
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AS #51T & 0 B RERHER QB ORD S S 0
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BEINE S 0 B afREEE AR S e,

BEBEIC KD £ 5 2 HHO ORGSR
ohfds, BREHTCREMPRShEh -7 (&
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PLA
60 O 20% CONT
SUS
B SUS +AS

60 [0 30% CONT
SUS
sob 8 SUS +AS

—
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BJ6 Fiber type distributions of soleus and plantaris muscle.
Abbreviations are the same as those in Fig. 1
a; P< (.05 (CONT vs. SUS, SUS+AS) b ; P< (.00 (SUS vs. SUSH+AS)
x: P< (.05 (20% casein SUS+AS vs. 30% casein SUS+AS)
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BT Cross sections of soleus muscle fibers stained for acid myosin ATPase (pH 4.3).
A ; 20% casein control B ; 20% casein SUS C ; 20% casein SUS+AS. many fibers
in suspended soleus show loss of staining, possess central corelike lesions (arrow head)

80y '
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" B sus+as

R
=
fxy
-
=
g
5 d0f
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<
R

208

a
0k

20% Casein

30% Casein

48 Percentage of the number of aberrant fibers
in soleus muscle '
a; P<0.05 (SUS vs. SUS+AS)
*; P< 0.05 (20% casein SUS vs.
30% casein SUS, SUS+AS)
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& 2 Effect of hindlimb suspension on soleus and
plantaris muscle

muscle
parameter
SOL PLA
M.W. 11 11
Enex 11l 11
Puax/CSA 11 NE
Twitch duration 14 NE
Fatigue resistance T NE
% aberrant fiber T NE

14 | decrease 1t | increase NE ; no effect

* | differences between dietary protein levels
M.W. ; muscle weight Ppay s maximum tetanic
tension CSA ; muscle cross sectional area

#k 3 Effect of anabolic steroid on some character-
istics in soleus and plantaris muscle during
hindlimb suspension

muscle
parameter

SOL PLA
M.W. ' - ——
Pmsx - -
Pruax/CSA = NE
Twitch duration NE NE
Fatigue resistance = NE
% aberrant fiber - NE

— . inhibit + ; accelerate NE ; no effect
Abbreviation is the same as those in Table 2
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