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ABSTRACT

Effects of age and dictary fatty acid composition on immune responses were investigated
in Sprague-Dawley male rats. The animals weighing 88.6 + 2.2g were fed 10% dietary fat
(W/W, 20% of calorie) with P/S ratio of 0.5, 1 and 2, and in each group, there were
three different levels of n-6/n-3 fatty acid ratio; 2, 4 and 8 (3x3). The experimental
periods were 1 month, 6 months and 12 months. The results of this study were;1)
Weights of thymus and spleen were significantly reduced with increasing age, moreover
thymus weights were reduced with increasing the degree of unsaturation in dictarty fatty
acid at 12 month. 2) The proportion of splenic lymphocyte in the total T-cell was in-
creased with age. The proportion of helper T-cell was not changed, while the proportion of
suppressor T-cell was decreased. Thus at 12 month, the ratio of helper/suppressor T-cell
was appeared to increase significantly, and showed the tendency to increase by consuming
the low amount of dieraty n-3 fatty acid. 3) Proliferation stimulated by Con A or PWM
reduced significantly at 12 month in which are high in dietary P/S ratio, representing the
similar pattern with decrease in thymus weight. 4) Natural killer cell actividies were shown
significantly higher at 1 month than those at 6 month or 12 month.

KEY WORDS : P/S ratio - n-6/n-3 ratio - lymphocyte composition - mitogen res-
ponse - natural killer cell

Introduction

Immune responses are complicated systems as-
sociated with age, infection, stress, nutrition, and oth-
er various multicauses'™. Immune deficiency is well re-
cognized as one of the causes of aging, which can
contribute to the increased incidence of cancer and in-
fectious disease in the elderly. Age-related functional
changes have been well characterized for changing of
Accepted:November 8, 1995

relative proportion or number of total T lymphocyte
and subpopulation, changing of T-cell surface factor,
reducing activities of T-cell and B-cell, increasing im-
mune complex, declining functions of both cell medi-
ated and hummoral immune responses, alterations of
cicosanoids production and intracellular biochemical
signaling pathways linking receptors to lymphoid cell
in human and animals®'". Especially the major al-
terations occur in T-cell mediated functions which are
probably due to the thymic atrophy.

Many studies have been carried out to explain the
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effects of dietary fat on immune response. It has been
demonstrated that polyunsaturated fatty acid(PUFA)
diet decrease the immune response rather than sa-
turated fatty acid diet '®'¥. And the proliferation of
lymphocyte against PHA or Con A stimulation was in-
creased in mice fed fish oil or linseed oil(n-3 fatty
acid) rather than in mice fed corn oil(n-6 fatty acid)"
'), which showed that diets rich in n-3 fatty acid rath-
er than n-6 fatty acids increased the immune function.
Mechanisms of effects of dietary fat on immune func-
tion were studied with prostaglandin E,(PGE,). PGE,
has been reported to diminish the immune function;
reduce the cytotoxic activity, suppress the macrophage
activation and reduce the NK cell activity'®. Erickson
and Schumacher'” showed that PGE, production was
increased and immune function was declined in an-
imals fed corn oil compared to that fed palm oil.

a-Linolenic acids(n-3) are converted into EPA or
DHA through the reactions of desaturation or elon-
gation in the liver, and incorporated EPA in mem-
brane metabolites to various eicosanoids by the ca-
talytic action of cyclooxygenase or lipooxygenase. N-3
fatty acids and n-6 fatty acids mutually compete at
each step by the action of same enzymes in the liver
or cell membrane. Therefore it is anticipated that not
only the total amount of n-3 fatty acid but also n-6/n-
3 ratio may significantly affect the metabolism of n-3
fatty acid in the body.

Many studies were executed to investigate the respec-
tive effects of either unsaturated fatty acids or n-3 fatty
acids, but the combined comparisons of effects of both
total amounts of dietary unsaturated fatty acid and the
ratio of n-6/n-3 fatty acids are not yet elucidated.
Therefore, this study was aimed to investigate the ef-
fects of age and dietary fatty acid composition on im-
mune response in rats fed nine various diets containing
different P/S ratio and n-6,/n-3 ratio for up to 1 year.

Materials and Methods

1. Animals and diets
162 male Sprague-Dawley strain rats weighing 88.6
+22g were randomly divided into nine different

Chung, Chin Eun

dietary groups, eightcen animals in each group. At
each point of 1 month, 6months or 12months ex-
perimental period, six animals in each group were ran-
domly chosen and sacrificed for assay. The rats were
fed one of nine diets containing 10% fat(wt/wt),
which is equivalent to 20% of calories, with P/S ratio
of 0.5, 1, 2, and in each P/S ratio group, there were
three different levels of n-6/n-3 ratio of 2, 4, 8
respectively. These data were referenced from the re-
cent survey of dietary fat consumption of Korean peo-
ple, P/S ratio was 1 and n-6/n-3 ratio was 4~5'9%",
P/S ratio and n-6/n-3 ratio of diets determined bas-
ed on the combination of four different fat sources,
beef tallow, soybean oil, sesame oil, and perilla oil. Ex-
perimental diets are showed in Table 1 and the fatty
acid compositions of fats are represented in Table 2.
All diets contained milk casein for protein source,
corn starch for carbohydrate source. And mineral and
vitamin mixture were the american institute of nu-
trition method. Experimental animals were placed in
individual cage and were provided with food and wat-
er ad libitum. Body weights of animals were weighed
every two weeks.

2. Immunal Assay

1) Preparation of spleen cell suspensions

After sacrificing the animals at each experimental
time points, spleen was excised aseptically and spleen
single cell suspensions were prepared in RPMI 1640
culture medium(Gibco., Grand Island N.Y.: 200mM
glutamin, 10mM Hepes, 1.4pl/ml gentamycin), sup-
plemented with scapel. These were used for measur-
ing mitogen response and partly used for lymphocyte
separation to measure T cell subpopulation and NK-
cell activity. Lymphocyte was separated by difference
of density using ficoll-hypaque solution(Phamacia)*”.
Four ml ficoll-hypaque solution were put in the 15ml
test tube(Falcon oxnard, CA), 8ml single cell suspen-
sion were added carefully, covered and centrifuged at
1800 rpm for 30 minutes. Pale yellow band made
between the single cell suspension and the ficoll-hy-
paque solution was the lymphocyte layer, which were
collected with sterilized Pasteur pippete, washed with
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Table 1. Composition of experimental diets

Effects of Dietary Fat on Immune Responses of Rats at Different Age

Group
) 05-2 05-4 05-8 1-2 1-4 1-8 2-2 2-4 2-8
Ingredients }
Corn starch 700 700 700 700 700 700 700 700 700
Casein” 150 150 150 150 150 150 150 150 150
Methionine” 3 3 3 3 3 3 3 3 3
Fat 100 100 100 100 100 100 100 100 100
Beef tallow 70 70 70 50 50 50 20 20 20
Soybean oil 12,5 17 18 30 30 30 30 425 30
Sesame oil 10 10 12 10 15 20 325 30 47.5
Perilla oil 7.5 3 0 10 5 0 17.5 7.5 25
Salt mixture” 35 35 35 35 35 35 35 35 35
Vitamin mixture® 10 10 10 10 10 10 10 10 10
Choline chloride 2 2 2 2 2
P/S ratio” 0.5 0.5 0.5 1 1 1
n-6/n-3 ratio® 2 4 8 2 4 8 8

1) Milk casein, New Zealand 2) 0.3% of diet weight
3) Salt mixture(g/Kg mixture):Calcium phosphate,dibasic 500, Sodium chloride 74, Potassium citrate, monohydrate 220,
Potassium sulfate 52, Magnesium oxide 24, Manganous carbonate 3.5, Ferric citrate 6, Zinc carbonate 1.6, Cupric car-
bonate 0.3, Potassium iodate 0.01, Sodium selenite 0.01, Chromium potassium sulfate 0.55, Sucrose, finely powdered

to make 1000

4) Vitamin mixture (mg/kg mixture):Thiamin.HCI 600, Riboflavin 600, Pyridoxine.HCI 700, Nicotinic acid 3000, D-Cal-
cium pantothenate 1600, Folic acid 200, D-Biotin 20, Cyanocobalamin 1, Retinyl palmitate 400,000IU vitamin A ac-
tivity, dl-e-Tocopheryl acetate 5000 IU vitamin E activity, Cholecalciferol 2.5, Menaquinone 5, Sucrose, finely powd-

ered to make 1000g

5) P/S ratio = Polyunsaturated fatty acids/Saturated fatty acids of experimental groups
6) n-6/n-3 ratio = n-6 fatty acids/n-3 fatty acids of experimental groups

Table 2. Fatty acids composition of different lipid resources;beef tallow, soybean oil, sesame oil, perilla oil

Dietary fat
Beef tallow Soybean oil Sesame oil Perilla oil

Fatty acids

14:0 4.8 - - _
16:0 21.7 9.6 11.9 9.2
16:1 33 03 0.07 -
18:0 24.3 4.5 4.7 1.2
18 : 1(n-9) 36.0 191 28.5 10.6
18 : 2(n-6) 7.1 529 50.5 29.2
18 : 3(n-3) 0.7 10.8 1.5 47.0
Unknown 2.1 2.8 2.8 2.8
P/S ratio” 0.15 45 3.1 7.3
n-6/n-3 ratio” 9.7 49 337 0.6

1) P/S ratio of each fat 2)n-6/n-3 ratio of each fat

RPMI 1640 solution and used for immunal assay.

2) T-cell subpopulation percentage’

Lymphocyte suspension separated from the spleen

cell suspension was divided into three polystylene
tube. 3pl of alpha/beta T-cell antibody(Serotec), or
helper/macrophage antibody(Serotec), or suppressor/
cytotoxic cell antibody(Serotec) were respectively add-
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ed to the individual tube. After reaction at 4 for 30
minutes, these were washed with 0.01 M PBS, sta-
bilized with 0.1% paraformaldehyde. The number of
T-cell binding with antibody per 10,000 cell were
measured with flow cytometry(Becton Pickinson) and
expressed as percentage.

3) NK-cell activity

Seperated lymphocyte from spleen cell suspension
was adjusted to 10.0x10° cells/ml in RPMI 1640
medium supplemented with 10% fetal bovine serum,
aliquots of 100y were added into 96 well round bot-
tom microtitier plate(falcon). Splenocytes(effector cell)
were mixed with 100p1 *'Cr(1.0x 10° cells/ml) labeled
Yac-1 (target cell, Microbiological section at Yonsei
Medical School) in each well. Target cells to effector
cells ratio was adjusted to 1:100. Plates were in-
cubated at 377C for 4 hours in a humidified CO, in-
cubator(Flow Lab, 5% CO,). Count per minute (CPM)
of ¥'Cr release by incorporation of Yac-1 were measur-
ed with a gamma counter(Tackard akaberra Co). The
spontaneous release was determined for target cells in-
cubated in medium alone, and maximum *'Cr release
was determined by lysing target cells with one drop tri-
ton-X(Sigma. Co). Mean percentage of activity was cal-
culated according to the formula,

Activity (%) =

experimental release — spontaneous release

maximal release — spontaneous release * 100
experimental release : cpm of solution incubated with
lymphocyte and Yac-1
spontaneous release : cpm of solution incubated with
Yac-1 only
maximal release : cpm of solution incubated with Yac-
1 and triton-X

4) Mitogen response

Spleen single cell suspensions were adjusted to 2.5X
10® cells/ml in RPMI 1640 medium supplemented
with 10% fetal bovine serum. Aliquots of 100pl were
cultured in 96 well round bottom microtiter plate in
the presence of 0.75pg/1l Con A(Concanavalin A, Sig-
ma) or 10pg/10pl PWM (Pokeweed mitogen, Gibco)

except the control well, every sample was repeated
three times. After 48 hours of incubation at 37T in
humidified CO, atmosphere, cultures were pulsed
with 0.5pCi methyl-"H-thymidine (specific activity :
20ci/nmole, NEN) and cells were reincubated for §
hours. After incubation, these were filtered and dried
through glass fiber filter(FLOW) using a multiple au-
tomated sample harvester(Tiertek, flow lab). Dried
disc was put in the scintillation fluid and cpm of *H-
thymidine incorporation was measured by liquid scin-
tillation f-counter(LKB, 1214 Lackbeta). Stimulation
index was determined for cell proliferation by mi-

togen from the formula,

cpm of sample with mitogen

stimulation index = - :
cpm of sample without mitogen

3. Statistical analysis

The results are expressed as mean =+ standard error.
Data were initially subjected to the test of three way
analysis of variance at ¢=0.01, 0.05, 0.1, involving
the factors, age, P/S ratio, and n-6/n-3 ratio in the
dictary fatty acid and then to Duncan's multiple range
test at @=0.05 in order to test the significance among
the nine different diet groups in each experimental
period.

Results and Discussion

1. Weight of lymphoid organ

Weight changes of lymphoid organs according to
the experimental peroids were in Table 3. Thymus is
the lymphoid organ which affects differentiation and
maturation of T lymphocyte. Generally thy-
molymphatic atrophy starts from adolescence and
thymus weight reduced 10% of maximum size at aged

40~50 years in human®

. Thymic hormone secreated
from thymus regulates the immune function, but
starts to reduce from age of 20~30 years old and is
hardly secreted at 60°*. The spleen is the largest sin-
gle lymphoid organ, containing about 70X 10° lym-
phocytes which represent 15% of the lymphocytes
present in the adult human body, and plays a critical

role in host defence’. Therefore it is well known that
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degeneration of these lymphoid organs aiters the im-
mune function.

In present study, the thymus weight reduced with
aging as shown by other similar studies™, dis-
tinctively between 1 month and 6 month. And espe-
cially at 12 month, thymus weight reduced with in-
creasing P/S ratio in dietary fatty acid, and thymus
weight index decreased significantly with decreasing n-
3 fatty acid in the same P/S ratio. Therefore it show-
ed that thymic atrophy starts before maturation and
may be affected by both the amounts and kinds of
consumption of unsaturated fatty acid. Spleen weight
also continuously decreased with age, and at 12
month splenic weight index reduced with decreasing
consumption of n-3 fatty acid even though they were

not significantly different.
2. Immune Response

1) T-cell composition

The number of T cell may be considered to reduce
distinctively with thymic atrophy, but in this experiment
relative proportion of total T-cell scemed to increase
with age, helper T-cell did not change, suppressor T-
cell decreased, and ratio of helper/suppressor T-cell sig-
nificantly increased with age(Table 4). It was reported
that the number of total T-cell in the blood or lym-
phoid organ in human body did not change with age ,
but these are the long-lived cell and can not execute
the immune response®”. Therefore only the total numb-
er of T-cell could not be estimated to determine the im-
mune responses.

Helper T-cells and suppressor T-cells regulate the
immune response, that is, immune deficiencies are de-
monstrated if the helper T-cell reduced, and antibody
overproductions are appeared if the suppressor T-cell
decreased. This indicates that keeping the balance of
both cells is important on regulation of immune
response™”. In the present study, the ratio of helper/
suppressor T-cell was demonstrated high in 0.5-8
group, 1 -8 group, 28 group which contain low n-3
fatty acid in each dietary P/S ratio group. It was re-
ported that incidence of hypertension by the au-
toimmune could be prevented by increasing con-

sumption of n-3 fatty acid in SHR rat™

. Therefore it
may be considered that consumption of n-3 fatty acid
could maintain the helper/suppressor T-cell balance

with increasing age.

2) Mitogen response

The results of mitogen responses were shown in
Table 5. Spleen cell responses to T-cell mitogen(Con
A) were significantly decreased at 12 month, especially
in the 2 level of P/S ratio group, ic, 22 group, 24
group, 2—8 group which arc high in dietary un-
saturated fatty acid. Moreover, proliferation by mi-
togen demonstrated to be low in 0.5- 8 group, 1-8
group, 2—8 group containing low n-3 fatty acid at
each dietary P/S ratio group, which showed the sim-
ilar pattern with reduction of thymus or spleen weight.
Grossman®” examined the PHA responses on T-cell
subsets in the blood lymphocytes of young and old
men. Responses on total T-cell or helper T-cell did
not show any differences with increasing age, but
responses on suppressor T-cell decreased with age,
which demonstrated that decline of immune function
is expressed not by the total T-cell but by the al-
teration of specific subsets. In addition, PWM
responses investigating the proliferation of T-cell de-
pendent B-cell demonstrated significant decrease at 12
month. Therefore, effects of both T-cell and B-cell
represented to decline with age.

3) Natural killer Cell activities

The data of Natural killer(NK) cell activities were
shown in Table 6. NK cell, a subpopulation of lym-
phocytes that differ from mature T or B-cells or ma-
crophages, are thought to play a significant role in im-
mune surveillance against microorganisms and tumors,
viral infection, abnormal hematopoietic development
and production of lymphokines such as interferon,
and in resistance against metastates”. In the present
study, YAC-1 lymphoma cells were used as taget cells,
the result showed significantly higher activities of NK
cell at 1 month than 6 month or 12 month. Com-
paring with the result of Con A responses which
slightly increased at 6 month and decreased at 12
month, immune responses of NK cell decreased ra-
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Table 5. Mitogen response index

—_Mitogen Con A(Concanavalin A) PWM(pokeweed mitogen)
GroupFee<jlng period 1 month 6 month 12 month 1 month 6 month 12 month
0.5-2 12 +19%2 215+ 43¥ 170+£13 83+ 09% 115434 11125
05-4 129+37 170+ 23> 156+13° 88+ 13 10.5 + 3.5 79 + 07"
05-8 110419 176+ 36° 123x18>| 78x15 171 +£70 44+ 0.5”
1-2 ' 115+36 130+ 30 7.0 +2.1% 72+ 1.1 8612 32+ 07°
1-4 129+22 228=x119° 7.2+ 14" 73+19 15.6 £ 8.9 3.8+ 09%
1-8 73+25 119+ 25 133 +46" 56+ 0.6 43+12 56+ 1.8
2-2 130+12 139+ 80° 99 +57% 75+08 110+ 3.7 49 +1.7™
2-4 14.7 £ 5.1 241+ 53° 49 +20% 80+29 128+ 29 44+ 05"
2-8 133+28 355119 46+13 | 144 +35 103 £ 26 27 + 05°
Significant factor” PS* Age*** pS* Age***
1) Mean + S.E.

2) Not significant at =0.05 by Duncan's multiple range fest.

3) Values with different alphabet within the column were significantly different at =0.05 by Duncan’s multiple range test.
4) Statistical significance was calculated by 3-way ANOVA. PS:P/S ratio, N:n-6/n-3 ratio, Age:feeding period.
#xSignificant at @ = 0.01, **Significant at o = 0.05, *Significant at 2 = 0.1

Table 6. NK-cell activity (%) . . .
Feeding response more sensitively by feeding period than by
period 1 month 6 month 12 month diet composition.

Group . . . .. .
0 RS2 Py RS In conclusion, proliferation activity was influenced

0.5-2 236 £ 5707212+ 4077141 £5.0 . , . .
054 205429 167445 144442 by reducing lymphoid organ, especially thymic atrophy
05-8 155429 147+27° 18 8: 25 with increasing age. Consumption of dictary un-
1-2 258 ; 04 143 :_ 23> 14 4; 25 saturated fatty acid may reduce immune response and
1-4 166 : 34 267451 170+ 40 cell proliferation activity with age. Moreover, atrophy
1-8 2.6 + 6.1 144+15° 161+19 of lymphoid organ and increase in the ratio of helper/
-2 198 407  205+22% 140417 suppressor T-cell with age were reduced by con-
-4 229+34 166+34" 142416 sumption of n-3 fatty acid. Therefore consumption of
2-8 214+ 25 142+22° 153+27 n-3 fatty acid might be considered to play some bene-
Significant factor”) Age*** ficial role on alteration of immune responsiveness with
1) Mean = S.E. age. However immune responses are very complex and

2) Values with different alphabet within the column interactive system involving many kinds of cells and
were significantly different at @ =0.05 by Duncan's
multiple range test.

3) Not significant at a=0.05 by Duncan's multiple range subsquent studies to perform nutritional and dietary
test. manipulation of the immune system should be needed.

4) Statistical significance was calculated by 3-way ANOVA.

PS : P/S ratio, N : n-6/n-3 ratio, Age : feeding period. **
* : Significant at a=0.01 Literature cited

their metabolites at even one reaction. Therefore,

pidly rather than T-cell, suggesting that decreasing 1) Doria G, Frasca D, Covelli V. An immunological

time point of immune function is different with vari- approach to aging. in Physiopathological
ous cell type. NK-cell activity was not affected by diet processes of aging. eds Fabris N, Harmar D,
compositions of fatty acids in this study, which in- Knook DL, Thiessen ES, Nagy 1Z, Ann NY Acad
dicate that NK-cell activity might be considered to Sci 673 : 226-230, 1992
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2) Meydani SN, Blumberg JB. Nutrition and im-
mune function in elderly. In Nutrition, Aging
and the Elderly. eds Munro HN, Danford DE. pp
61-88, Plenum Press NY, 1989
Sherman AR, Hallquist NA.
Present knowledge of nutrition 6th. ed. Brown
ML. pp463-476, International Life Science In-
stitute - Nutrition Foundation, 1990
4) Chandra RK. Nutritional regulation of immunity.
In Nutrition and immunology. ed. Chandra RK.
pp1-8, Alan R Liss Inc.NY, 1988
5) Dekruyff RH, Kim YT, Siskind GW, Weksler ME.
Age-related changes in the in vitro immune

3

~

Immunity. In

response : Increased suppressor activity in im-
mature and aged mice. J Immunol 125 : 142-147,
1990

6) Weksler ME. The senescence of the immune sys-
tem. Hosp Pract 16 : 53-64, 1981

7) Hallgren HM, Jacola DR, O'leary JJ. Unusual pat-
tern of surface marker expression on peripheral
lymphocytes from aged humans suggestive of a
population of less differentiated cells. J Immunol
131 : 191-194, 1983

8) Licastro F, Tabacchi PL, Chiricola R, Parente R,
Cenci M, Barboni F, Franceschi C. Defective self-
recognition in subjects of advanced age. Geron-
tology 29 : 64-72, 1983

9) Meydani SN, Meydani M, Verdon CP, Shapiro
AC, Blumberg B, Hayes KC. Vitamin E sup-
plementation suppresses prostaglandin E, syn-
thesis and enchances the immune response in
aged mice. Mech Ageing Dev 34 : 191201, 1986

10) Vie H, Miller RA. Decline, with age, in the pro-
portions of mouse T-cells that express IL-2 re-
ceptors after mitogen stimulation. Mech Ageing
Dev 33 : 313-322, 1986

11) Miller RA. Age associated decline in precursor
frquency for different T-cell mediated reactions,
with preservation of helper or cytotoxic effect per
precursor cell. J fmmunol 132 : 63-68, 1983

12) Gross RL, Newberne PM. Role of nutrition in im-
munologic function. Physiol Rev 60 : 188-302, 1980

13) Erickson KL. Dietary fat modulation of immune
responsiveness. Int J Immunopharmacol 8 @ 529-543,

1986

14) Meydani SN, Shapiro A, Meydani M, Maculey JB.
The effect of fish oil, corn oil and coconut oil on
prostaglandin E, level and mitogenic response of
mice splenocytes. Fed Proc 44 : 929(abstr.), 1985

15) Kelly DS, Nelson GJ, Serrato CM, Schmidt PC,
Branch LB. Effects of type of dietary fat on in-
dices of immune status of rabbits. J Nutr 118 :
1376-1384, 1988

16) Fritsche KL, Johnston PV. Effect of dietary o-

linolenic acid on growth, metastasis, fatty acid

profile and prostaglandin production of two mu-

rine mammary adenocarcinomas. J Nutr 120 :

1601-1609, 1990

Erickson KL, Schumacher LA. Lack an influence

of dietary fat on murine natural killer cell ac-

tivity. J Nutr 119 @ 1311-1317, 1989

18) Kevin DC, Lawrence ]B, Robert V, Elaine M.
Dietary modification of fatty acid and pros-

17

~

taglandin synthesis in the rat : effect of variation
in the level of dietary fat. Biochem Biophys Acta
795 : 196-207, 1984

19) Kim SH. The evaluation of health and nutritional
status between Korea and Western population
based lipid consumption pattern, Korea Science
Foundation, 1993

20) Lee YC. Problems of lipid nutrition. Food Science
and Industry 23(2) : 13-30, 1990

21) Fotino M, Mersom EJ, Allen FH. Micromethod
for rapid separation of lymphocytes from peri-
pheral blood. Ann Clin Lab Sci 1 : 131-133, 1971

22) Chae SA, Shim TS. Study on the proportions T, B
lymphocytes and T lymphocyte subpopulation in
normal neonates. J RIMSK 20(2) : 150-154, 1988

23) Westermann J, Schwinzer R, Jecker P, Pabst R.
Lymphocyte subsets in the blood. Scand J Im-
munol 31 : 327-334, 1990 .

24) Lewis VM, Twomey J], Bealmear P, Goldstein G,
Good RA. Age, thymic involution and circulating
thymic hormone activity. J Clin Endocrin Metabol
47 : 145-150, 1978

25) Won HS, Kim WY. Age-related changes in body
composition, serum lipid concentration and

humoral immunity in rats. Kor J Gerontol 1(2) :

- 1012 -



Kim, Woo Kyung - Kim, Sook Hee - Chung, Chin Eun

155-161, 1991 set. Exp Cell Res 180 : 367-382, 1989
26) Diaz-Jouanen E, Strickland RG, Williams RC Jr. 28) Wiilliam EML. Fish and human health, Academic
Studies of human lymphocytes in the newborn Press Inc., pp63-82, Orland, 1986
and the aged. Am J Med 58 : 620-628, 1975 29) Droller MJ, Perlmann P, Schneider MV. Enhance-
27) Grossmann A, Ledbetter JA, Rabinovitch RS. ment of natural and antibody-dependent lym-
Reduced proliferation in T lymphocytes in aged phocyte cytotoxicity by drug which inhibit pros-
humans is predominantly in the CD8" subset, taglandin production by tumor cells. Cell Immunol
and is unrelated to defect in transmembrane sig- 39 : 154-164, 1978

naling which are predominantly in the CD4" sub-



Effects of Dietary Fat on Immune Responses of Rats at Different Age

=22 22 =

Hol7h B2 AH el 4] n-6/n-3 vl &3} P/S H]gol
ThE AolAo] Wl nXE dgkdT

& Qe volst oA ko] B Mdsee] ojmdt QIS )X =x] Lolu uA}
A= AYEER o|F4F9 Sprague-Dawley® 53 & ol4a15lon A8l 2 o) 2o}

Aol A 10%2 45k, A715, €718, 3718, $A2 ALEske P/SHIRS 05,12 A%
8t 7}2ke] P/S ul &l A n-6/n-3u1€°] 2, 4, 80] H&= 97H4) A& Ao S Fu]areT} (3X3) A8 7|7H
2 127097 ASHEA 1Y, 6709, 1208598 2 Aol tol A grte)H sAlstd A|2E o
At Addske ogat 2k 1) F4 2w FAls 12719604 §935e 7tav) gl b
FAFAE P/S vlgo] &0 B2 24t YTt 2) Wge] T-HZFRAYL Uolr} 2] what
total- T cell & F7F8hH helper T-cell& H3¢AL, suppressor T-celle 7Z2ste] 12740 =
helper/suppresor T-cell®} H|&o] F4 o2 275190} 3) Con ASH PWMS A3+ 24438
1270€el 72420 45 Rom o= P/SH|&o] 299 o Ag 749 ko] vhEhtt 4) NK cell
2L e7lgol T FoA At vehgt, A2 oz Yo|7} Zr)ebe whet $4 Haleh mi-
togen?l ¥ S48, NK cell 84 #2% %5 go] ZaEon Aojx|uke] 9Jake P/S ratio
7} =& mitogen th3t ¥+-&-0] 744313 n-6/n-30] =L helper/suppressor T-cell ¥]-&o] Z7}3}
of o] EXSAMMES 4 R B o] J3e FUT)



