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ABSTRACT

The purpose of this study was to determine the effect of soybean protein isolate (SPI) and
exercise training on the decrease of cellular immune functions with aging. Male Fischer rats,
3 (young) and 15 (old) months old, were fed a diet containing 20% casein or 20% SPI, and
trained on a treadmill at 10 m/min, 30 min/day, 5 days/week for 4 weeks. Proliferations of
peripheral blood lymphocytes (PBL) with phytohemagglutinin (PHA) and concanavalin A
(Con A) were remarkably decreased in old rats compared to those of young rats regardless of
the difference of dietary protein. Exercise training improved proliferation of PBL with Con A
in old rats to the level of sedentary young rats, whereas proliferation of PBL with PHA was
improved only in old rats of SPI group by exercise training. The proportions of T cell subsets
(helper T cell, Th and suppressor T cell, Ts) in PBL of SPI group were higher than those of
control group in both young and old rats. The production of interleukin 2 (IL2) from
splenocytes agreed with the results of PBL proliferation with PHA and Con A in young rats,
whereas the production of IL2 from splenocytes of old rats was higher than that of young rats
in both control and SPI groups, and was in conflict with the results of PBL proliferation with
PHA and Con A. These findings suggest that exercise training can improve the decrease of
cellular immune functions with aging, which is not associated with the production of IL2, and
that SPI diet also improves the decrease of cellular immune functions in old rats through an
increased proportion of Th cells and an increased production of IL1 from macrophages. Rep.
Soy Protein Res. Com., Jpn. 15, 115-119, 1994.
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Table 1. Compositions of experimental diets
Casein SPI
% in diet
Casein 20
SPI 20
Sucrose 10 10
a-Cornstarch 57 57
Cod liver oil 1.6 1.6
Soybean oil 6.4 6.4
Mineral mixture 4 4
Vitamin mixture 1 1
Energy 4.2 kcal/g or 17.6 kJ/g
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Table 2. Body and spleen weights, and numbers of immune cells
Body wt. Spleen wt. Splenocytes PBL AM
(& (€9 (X107 cells/g)  (x107° cells/mL)  (X107° cells/100 g BW)
YC-Sed 175.3+ 6. 0.54+0.02 5.40+1.42 0.40+0.08 1.99+0.44
YC-Ex 184.0+ 7.6 0.57+0.09## 4.71+1.22 0.61%+0.23 1.73+0.17
YS-Sed 187.0+£17.4 0.64+0.03 5.56+1.44 1.50£0.14%## 1.07+0.21%
YS-Ex 219.7+68.8 0.60+0.12 3.41+0.64* 1.031+0.05%* 1.56+0.20*
OC-Sed 355.7+92.7¢ 0.68+0.10 2.83+0.14¢ 0.89+0.18¢ 1.07+0.12¢
OC-Ex 297.3+ 7.2 0.69+0.05 2.56+0.31 0.69+0.22 1.10+0.19
0S-Sed 263.7+22.1 0.56+0.09 5.13+1.45 0.66+0.38 1.68+0.33
0S-Ex 325.0+94.9 0.67+0.11 3.30+0.84 1.18%+0.01 1.6240.90

Significantly different from sedentary rats; * p<0.05, ** p<0.01. Significantly different from sedentary rats
fed casein diet; # p<0.05, ## p<0.01, ### p<0.001. Significantly different from sedentary young rats fed the

same diet: @ p<0.05.
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Fig.1. Proliferation of peripheral blood
lymphocytes (PBL) with PHA (A) or Con
A (B) in young and old rats fed casein or
SPI diet for 4 weeks. Significantly
different from sedentary rats; * p<<005, **
p<0.01, #*=**x p<0.001.
different from rats fed casein diet; # p<
0.05, ## p<0.01. Significantly different
from sedentary young rats fed the same
diet; @@ p<0.01l, @@ @ p<0.001.
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Fig.2. Proportions of CD4*CD8" (A) and CD4-

CD8* (B) T cells and the ratio of CD4*
CD8-/CD4-CD8* T cells (C) in peripheral
blood lymphocytes (PBL) of young and
old rats fed casein or SPI diet for 4 weeks.
Significantly different from rats fed casein
diet; # p<0.05, ## p<0.01.
different from sedentary young rats fed
the same diet; @ p<0.05.
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Fig. 3. Interleukin-2 (IL-2) production from

splenocytes of young and old rats fed
casein or SPI diet for 4 weeks.
Significantly different from sedentary
young * p<0.05 *% p<0.01.
Significantly different from rats fed casein
diet; # p<0.05. Significantly different
from sedentary young rats fed the same
diet; @@ p<0.01.

rats;
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Fig. 4. Phagocytosis of *'Cr-opsonized sheep red

blood cells (SRBC) by alveolar macro-
phages (AM) of young and old rats fed
casein or SPI diet for 4 weeks.
Significantly different from old rats fed
casein diet; # p<0.05.
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Fig. 5. Interleukin-1 (IL-1) production from alve-

olar macrophages (AM) of young and old
rats fed casein or SPI diet for 4 weeks.
Significantly different from sedentary rats;
* p<0.05, #»* p<0.01.

Fig. lica b b PBL $hE/MEEDOKER & IERERD
fE|ed b, young v b TlX control Fickb L SPI
HCIL2EARERCETLTEY, EELL—=v
i X h s b0 IL2 EANTRE L L RISAR
BliEIhsZ L 2FHI, 2D &3, young 7
v b TiX Con A BIBUCIG U TR Y v iBkan IL2 25
EAEXRh, FOREEIIZSPI# X b L control iz
TEL, EFb v —=v sk IL2 EANI LI
ETHEETRBLT B, UL, old 7 v b TiX
control ED M H D [L2 EA M young 7 v M IZ
HLEBZEZ E2EDL, UL, Fig Liird
<, PBLAEABEMEMETH ez Ebrb, old 7
v bCUE IL2 B4 young 7 v P XD FLEL TWT
b, FRIERNTHT Y v AABROBZIHNMEF LTV
ZENTRBENT, ¥, EFHrr-=vIiIKi5b
28, control BT E AL RDeh T, Old 5
v NS S0 L2 AR SPI TS young T v
FzENEWERED D, BBV =V IR

KEABBWERRE Vol 15(1994)

IL2 AT LA L (Fig. 3.

AM B8Rt AM 50 IL1 E4E

AM BRI DWTIE young 7 v MIZRWTAE
ABEOBHERCER v = v D EY
ZE A ERBDIcH -1 (Fig.4), Old 7 » b T con-
trol Bt T AM BERREOTTERR DI, T,

wZEED L1 BEE oW THAELAODBDEBENZE
B INBOEEE 12 A ERDTeh -7, Young
F v b SPI Bizk\T, AM 2250 IL1 EAGE
Brr—=v /I VEBCIUET D EERDLD,
old v b+ Tix control X O SPI #f & i EE) + v
—=VI/REVBERETT B L&Ro e (Fig.5),
Dz LMD young Iy b SPIETIEE) L —
=v 7l ) AM oo IL1 BEANTTEL, KT
TV v AErbLDIL2EED EANFTEI N, Tofk
BLLGER v —=v /il ) ) vl B LD
TEIBFEINIDIDEBE LI, LIL,old T v
AM 250 IL1 EE ©oWTixER v —=v 7%
Bael@Bdlhotecl b, EFrtrv—=v I
££5 PBL ¥ bEDHE X~ 27 = 7 7 — o5
LTWisnhZ ERRBI T,

X 273

1) Makinodan T (1980) : Age influence of the
immune system. Adv Immunol, 2, 287-330.

2) Hn B =wC¥E KEET RBEZE
(1994) : EB) & FE—SER L O FE—.
EE Y, 6, 102-110.

3) Ueda N, Kayashita J, Moriguchi S and Kishino
Y (1990) : Effect of dietary protein levels on
immune functions of exercised rats. Nutr Res,
10, 429-437.

O FR K, ZRCE, REEEE (1993 0 E£H
V-2V IR BT 50 BREARE (SPD
BOEEMIM REREC RIS THE KT Al
B HaaEt, 14, 83-88.

119



