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Effect of Soy Protein Isolate on Muscle Atrophy under Simulated Weightlessness
by Suspension Hypokinesia / Hypodynamia in Rats

Osamu TADA and Hidehiko YOKOGOSHI

Graduate School of Nutritional and Environmental Sciences, The University of Shizuoka, Shizuoka 422-8526

ABSTRACT

Under the microgravity condition like the universe, it is known that various nutritional and
physiological changes in the body are induced. Especially in the aspect of nutrition, muscle
atrophy is characteristic accompanying the weightlessness. In this study, we examined the
ameliorative effect on muscle atrophy caused by suspension hypokinesia using soy protein
isolate (SPI) as the protein source as compared with casein. Male rats of the Wistar strain (8
weeks old) were divided into two groups, suspended with suspension harness, and were fed
20% casein diet or 20% SPI diet for 10 days. The body weights of the suspended rats fed
casein or SPI decreased similarly. The weights of the gastrocnemius and soleus muscles in the
suspended rats were significantly decreased, however the degree of the decrease of the weight of
gastrocnemius muscle of rats fed SPI diet was smaller than that of rats fed casein diet. The
activity of serum creatine kinase of rats fed SPI diet was also smaller than that of rats fed
casein diet. The activity of muscle protein-degrading enzymes such as calpain and proteasome
in gastrocnemius muscles were almost the same in both test diet groups, but the SPI diet tended
to decrease the calpain activity. Therefore, it is suggested that SPI diet might ameliorate the
muscle atrophy through the reduction of the activities of calpain in gastrocnemius muscles and
of creatine kinase in blood. Soy Protein Research, Japan 2, 112-117, 1999,

Key words : hypokinesia / hypodynamia, muscle atrophy, calpain, proteasome, soy protein
isolate

WNE B (FHBEE) T, AEREF0ogEIc A hERSNER (BEORT, BORIK, E%%
DEHE, @ﬁ%ﬁ“@%%,ﬂﬁ@ﬁ@&k,$mm
* T 422-8526 B A4 E 52-1 WV, LNEROERLE) ORI A EVHONT Y

112 XE/-ABEME Vol 2(1999)



B, BT BEICRE ZERT, &b IR ME
NV EDE LT, REVKTIIMN) BEHOEHIE
Fohad, Lal, CORBEZIERITH FHESEZ
BRo 7RI Tl {, k) e HEL A OHEE
ECHHBTAZLIITES, fizld, Bz LICK
LREHEOF 7 ARE, WRAILLNYy FLA N, &
ADIEENIREEL EWI B AR, EELZADH
MERNDBEELLBLLTEY, MIENREICE
T A BHEMEERROBERPRONS Y,

INFTI, RAMIENRECIEREISNS
BREBOEHFICOWT, EEMNEREDERETT
WELT, Sy MIVyry h2EEL, £FFHM
) IRAEIZ T 5 whole body suspension % IV, D54
T, ELRFOROEIEILBITS, ERMFNERLE
R OEILEN, MEFNEILOBIT T o 7257, &
SlZ, AMES, BICLAHE  TI/JBEEILS
BEHEEO T & BAEE O WTHRET L T &7
Z DR, BEMICBWTARIARERELT, £
NENS LA Y ROGHKE-ARE (SPD) & Hvi:z
EZA, HEA EBILARISH L, SPLAERL
IHETERBOEEOOENLELTSED, 25612,
AT ABESREEE (A5 ) OEEEZ &
DRFE R L TWB.

F ZTAME T, FHHRD 2B WT SPL AEEAY
BB OEHE I L TEIRIZN RS R S B R L.

;] i+

CNETHEMBECRALERRL LTI, EF)

HIR, FrEAIE, EHEOBE, BEBECZEY wa
WAIThNTBY, ELEEREYEHV/2HDTIE,
Tl b Falr, BRAEE, HMO B EDVH B KHTE
T, 7v PERHWREREFVELTHM) ZHY,
BB L OREL Gk, EREE & 905
BRI OWTHTZ T o 72,

BAEMIZIE, Sy MCUY Ty bEREEL, &%
HH Y IREEIZ T 5 whole body suspension & AV 72,
BYOEAYY v M, Ty FEEREIETLTHVZIR
BTy NORIZED LH LT, Ty FOERT
<Yy s F—7TEEL, Ty bV Ty b EEE
KHRWTLEhaWnEII, Yo Fa—TI10EL
72HETT v POBEBRIOFIREMONTT 2w &
FIZEE Lz, BEHoOmEICfHwTws sy v 7
Fr—ruOV, RBr—YCcEHRVKEBICLL,
BY Ty FOREIE, SEORFEHAEICERTES L)
> TWVAY, BREEMOATHTEZIZbENE
WX HIILA 7y MIEHICEEB L UK EENT
BT ENTE, —F, BEHIIEAVRETHS.

HESB & LT 8 BE Wistar RHET v MR H W,
Ty MIEFENFN2BEICSVT, Vv by MEREELT
FRYVRECTRKE IO HMAE L. 1#E-ARHEIE
ELT22%NEAvEEE5Z, b9 1EIZIZ20% SPI
%527 (Tablel). J v MIZHE 24 +1C, &E
55 + 5%, 12 BRRIMERY (07:00 ~19:00) &% 5L 9
WHE S B RATEICBWTCLILTOfE L, Kk
BLUSEITEMERE L. BOELERSD,
0, 2, 6, W0 HEICH#ZELFNMES L OHA (B
W5, ©T A8 FHFML, HRRERL»IEASEE

Table 1. Composition of experimental diets

Ingredient 20% casein 20% soy protein isolate
% of diet

Casein 20 -
Soy protein isolate - 20
a-Corn starch 42 42
Sucrose 21 21
Fiber 5
Corn oil 5 5
Vitamin mixture 2
Mineral mixture 5
Choline-Cl 0.15 0.15
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Fig. 1. Changes in body weight of rats during 10 days
suspension hypokinesia / hypodynamia and effect
of different dietary protein composition. Rats were
divided into two groups : Casein diet and soy
protein isolate diet (SPI). At the day indicated as
0, rats were put on a jacket, and then suspended
during 10 days. At the day of 0, 2, 6 and 10, rats
were sacrificed and samples were collected. Values
are indicated as means = SEM.
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Fig. 2. Changes in skeletal muscle weights of rats during
10 days suspension hypokinesia / hypodynamia
and effect of different dietary protein composition.
Values are indicated as means = SEM.
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Fig. 5. Changes in serum creatine kinase activity of rats
Fig. 4. Changes in serum corticosterone concentration of during 10 days suspension hypokinesia /
rats during 10 days suspension hypokinesia / hypodynamia and effect of different dietary protein
hypodynamia and effect of different dietary protein composition.  Values are indicated as means =+
composition. Values are indicated as means =+ SEM. *Significantly different from Casein diet
SEM. group at the same day.
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Fig. 6. Changes in calpain activity of gastrocnemius
muscle in rats during 10 days suspension
hypokinesia / hypodynamia and effect of different
dietary protein composition. Values are indicated
as means =SEM. The enzyme activity in the
homogenate of gastrocnemius was measured and
calculated as unit/g protein. One unit of calpain
activity was an increase of 0.1 unit of absorbance
at 366 nm for 30 min at 25°C.
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Fig. 7. Changes in proteasome activity of muscles in rats
during 10 days suspension hypokinesia /
hypodynamia and effect of different dietary protein
composition. Values are indicated as means =
SEM. The enzyme activity in the homogenate of
muscles was measured and calculated as wmol
AMC/h/mg protein.
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