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A Study of Korean Dietary Lipid Sources- on Lipid
Metabolism and Immune Function in Rat

Jong Mee Lee, Wha Young Kim*, Sock He Kim*

Dept. of Home Economics, Han Nam University
Dept. of Foods & Nutrition, Ewha Womans University*

=ABSTRACT=

This research was designed to study the effect of Korean dietary lipids on the lipid metabolism
and the immune function in young rats, The three different lipid sources were compared, lard,
perilla oil and fish oil. Three different levels of lipid in the diet, 2%, 15% and 30%, on the
weight basis, were included. After four weeks feeding, the rats were sacrified and blood sample
was collected to analyze for the total lipid, TG and cholesterol contents in serum.

The HDL fraction in serum was seperated by the electrophoresis of lipoproteins. The immune
responses were measured by the blastogenesis of spleen lymphocyte stimulated by PHA and
ConA. Plaque forming cell response to SRBC was also examined and levels of immunoglobulin
in serum were measured. The following.results were obtained. Lower body weight gain was
shown in 30% lipid diet fed group on the isocaloric basis. In concerning the different dietary
lipid sources, there were significantly lower body weight gain in fish oil than in perilla seed
0il and lard group in 30% lipid groups. Deposition of body fat expressed by epididymal fat pad
weight showed reverse tendency of body weight gain. The contents of the total lipid and TG
m serum were significantly different among perilla seed oil, lard and fish oil groups. Perilla
seed oil group showed lowest level of total lipid and TG in serum regardless of dietary fat level.
The feeding perilla seed oil or fish oil to rats was resulted in lower serum cholesterol levels
than lard in all three levels of fats tested. The HDL fraction was elevated in perilla seed oil
group at the high fat level,
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The stimulating responses of lymphocytes by PHA did not seem to be influenced by different

dietary fat sources. However, ConA mitogenic response was significantly increased in perilla

seed oil group. The lower level of perilla seed oil (2%, 15% ) showed slightly higher response

of ConA, indicating that lower level of perilla seed oil might have stimulatory response on the

immune response.

The number of antibody forming cells of spleen against SRBC was increased in 30% fat level

for all three kind of fats. However, no effect has been found in plague forming cell response

by the differences in dietary fat sources. There were no significant differences in serum IgG

and IgA levels in all dietary groups.
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@ Agojare B gl e AdE B

23 Al=stgoh
o3

Age 33 24 Ag=,

49 Ale B=, 2718, 448 Holul A
FUOB BN AY FES AAFQ% © Ho] 74
100g X FA o v) 3 AL(30% : Aol FA
100g% A% 79 o g delste] 4¥ FES
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o f-=2 s, ALFES AW (2%), 5 A
(15%), A9 (30%) e &2 sty 48 FTES
AL, 09 A3e A g 2 Hy w

g0l dste] RS,

e 2iE A ey
L A% T8 % 49
A7 Aol A e BT A F 1063+ 14g%) Sprague

Dawley® 7 #37 48v2& guia]4 67-0.2,
A8 Al A= BT HFo] 1165+ 2.3g%] T5 9
A 87 320035 gutEld 47 o, HE 9
Me i A F 1205+ 1.9g¢) TE £7 84 36

Ag 5 viAe 9% -

otE]E 4rtE 4 9T R 2 vl Ztztel 4% 4
o| 2 4F T4 AbgEt AT

38 2% A 4% 71 ES 52 Faiy
oA AL, 23 AR Aldgle] 9
% 3ot

AE Mol T4 BT 2o L& x| H e
Atk 3432 Table 1, Table 2 9} 2t}

2 4% 3

™

E:

Aol A4t #4-& BFsmethodll 28 methyl
ester® ZA 3 F gaschromatography (7]% :
Shimadzu G.C. 7AG, column . 3mm X 2m, Column
packing . 80~ 100mesh chromosorb G 15% DEGS,
Carrier gas : Ny, £5 99.9%, 50ml/min, 2&7) &

Table 1. Composition of experimental diets (g/kg diet)
Gropu® Lard diet Perilla Qil diet Fish oil diet

Ingredients L-La M-la Hla L-Pe M-Pe H-Pe L-Fi M-Fi H-Fi
Casein 150 150 150 150 150 150 150 150 150
Corn starch 770 640 490 770 640 490 770 640 490
Fat - - - — - - - - -
Lard 20 150 300 — - - - — —
Perilla oil - — - 20 150 300 — - -
Fish oil — - - — — — 20 150 300
Cellulose® 20 20 20 20 20 20 20 20 20
Salt mixture® 40 40 40 40 40 40 40 40 40
Vitamin AD mixture 1ml 1ml 1ml 1ml 1ml 1ml lml 1ml 1ml
Vitamin EX mixture(® 2ml  2ml 2ml 2ml  2ml 2mi 2ml  2ml 2ml
Water soluble Vitamins — — — - - - - - -
Vitamin Biz120 1ml 1ml 1ml Iml 1lml 1lml Im! 1ml 1ml

(1) L-low fat(2% ; weight basis), M-medium fat(15% ), H-high fat (30%), La-lard, Pe-Perilla oil, Fi-Fish oil.

(2) Cellulose : Sigma Co.

(3) Salt mix. (g/kg salt mixture) was composed of calcium carbonate, 300 : dipotassium phosphate, 322.5 ; magne-
sium sulfate - 7H20, 102.0 : monocalcium phosphate - 2H:0, 97.5 ; sodium chloride. 167.5 : ferric citrate < 6
H:0, 155 3 potassioum iodide, 0.8 ; zinc chloride, 1.0 ; copper sulfate - 5H20, 0.6 5 manganese sulfate * H:0

, B0 s sodium selenite, 0.1 5 chromium potasium sulfate = 24H.0, 0.55.

(4) Vitamin mix. (mg/kg diet) was composed of choline chloride, 2,000 : thiamin chloride. 10 5 riboflavin, 20 ; nico-

tinic acid, 120 : pyridoxine, 10 ; calcium pantothenate, 100 $ biotin, 1 5 folic acid, 4 ; inositol 500 ; vitamin A,

0.1 ; vitamin D, 0.01 ; vitamin B, b

(5) Alpha tocopherol acetate, 5¢ : Mendaion, 200mg : Corn oil, 200ml.
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Table 2. Fatty acid composition of experimental fat and oils (%)
Fat and oils

Fatty acid composition Lard Perilla oil Fish oil
Cu:or 1.5135 69513
Cis:o 25.3702 74544 16.3029
Cis:a 3.1605 8.5042
Cirio 0.5135 1.0549
Cuna 0.4196 1.1315
Cis:o 12.3249 2.4505 3.0563
Cu: 45.3268 19.0355 13.1263
Cu2 9.5653 26.2583 15.4152
Cis:s 0.6266 44,6079 09414
Cew:1 0.8680 5.0337
Ca:2 3.7198
Co:a 0.8064
Coo:4 5.2522
Cw:s 16.4242
Cz:s 20158
Ce:s 8.6190
P/S ratio 0.28 79 2.7

* Carbon number . number of double bonds

I H,, £ 99.9% 0.6kg/cm’, Air 0.5kg/cm?, column
temp : 190C, F&7] temp . 190C, injection te-
mp : 230C, injection sampled : 051 o <& &
A5tk

Hel Aze 4% Al 43 3 2¢d%8H
Azste] 22 U7A 22T A FH 3 105+ 5C
N HWEA A EL3H 3 Folch® ol 28] Hu
29k AP A Ao wjd g FeEE
A4k stk

P.F.C.(plaque forming cell) 485 8] A%
AL 118 48 FEFT 4T avie ¥l A A8 F8
49 Aol 10° SRBCE B 73 oll FAFSF L, 45 7H2]
48 ZaF 4¥ 555 1240 HNIF G
Foto] S| AAZC AN FE dHE AH
d HAHS do], BHo ALY q7AA ¥F B
S, - a8 Z AU Eaop 49
Al A B3 IpG(Immunoglobulin G) <} IgA

(Immunoglobuin A)2] &% Z3-2 94 Al&3
Aot S A F, FA vAL FEHes
A#ste] FAE M FSRBCE T35 H v gL
P.F.C. 48], SRBCE 55} 22 v mito-
gen response A @ oll AFE-3F L, 17 epididymal
fat pad, thymus+ Wojd S FAE =454k

HH o F A L Fring B9 galo], 83
4 cholesterol &%y S-A A 3o Zaky
Fletcher®] %H-& WP Nerig o whgVe =
= st

g3 ¢ A& electrophoresis grade agarose
1% & 9& F 15ml¥ slide (75X 1.5em) o 47
¥, applicatorZ ¥ 32 8ul 7}8k1, 130V, 223mA
/slideol| A 458-7F @7] FEANAXA seCoA A
8 ¥, densitometer(Beckman R112) 2 520nm
A FHEE FPste Ao EXHEE T
st et
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Table 3. Weight gain, Food intake, FE.R, and Calorie intake

—TRA GEHeiAde] A AduiAl B dHFHd WX = FY-

Weight gain Food intake FER. Calotie intake
Group (g/day) (g/day) (cal/g/day)
I-L-La 487+ 029 14D 1563+ 050 ° 0.31+002° 60.34+1.94°
I-H-La 317+ 0.72 1025+ 2.83° 0.26+ 0.06 " 53.78+ 6,80 °
I-L-Pe 457+ 022« 1646+ 2.83° 0.28+001° 63.56+4.75"°
I-H-Pe 2351 032" 9.70+ 1.06 ° 024+ 002° 5149+ 557"
I-L-Fi 482+ 020 1674+ 0.70 0.29+0.01° 64.63+ 272"
I-H-Fi 041+0.38° 5.28+0.63° 0.03+0.07° 27.77+331°
Significant A* ¥ B#* % % A* %
factor? B % * AB* * B* * %
AB# * AB* *
II-L-Pe 400+ 023 n8s3 1940+ 118 * 0.21+0.01 rs. 74.90+ 4.54 Ns.
II-M-Pe 445+ 044 17.86+ 1.52 ® 0.25+ 0.01 80.61+ 6.86
II-L-Fi 426+ 0.39 2028+ 1.48° 021+ 001 78.31+ 5.68
[I-M-Fi 3.73+0.16 16354069 * 0.231 0.01 73.79+ 3.12
Significant B*
factor
III-L-La 448+ 049 ns. 21.794+ 0.81 xs. 0.20+0.02 Ns 84.094 313 vs
III-M-La 4.33+ 046 16.85+ 0.63 0.26+ 0.02 7597+ 285
III-H-La 272+ 100 1227+ 1.19 0.20+ 0.08 64.53+ 6.26
[II-L-Pe 438+ 0.99 19424+ 2.77 0.21+0.03 74.96+ 10.69
II-M-Pe 3.05+ 028 15.76+ 1.28 0.20+ 0.02 7107+ 5.76
III-H-Pe 3.36+0.71 1421+ 191 0.23+£0.03 74.72+ 10.06
TH-L-Fi 4.69+ 0.60 1929+ 1.70 0.24+ 0.01 7444+ 6.56
III-M-Fi 189+ 0.39 1482+ 211 0.13+0.02 66.85+ 9.57
ITI-H-Fi 212+ 049 13.23+ 0.88 0.16+ 0.03 69.60+ 464
Significant B#* % B* % #®
factor

1) mean + SE.

2) Values with different alphabet within the column were significantly different at @ =0.05 by Tukey test (Exp

I & II) and Scheffé test (Exp IID).
3) Not significant at @=0.05 by Tukey test and Scheffé test.

4) A Significantly different among dietary fats.

B ! Significantly different among dietary fat level.

AB ! There are interactions between dietary fats and dietary fat level

Jerne plaque assay= 4X10° SRBCE 272
FALG 4d Foll F & S AAA, FAAZ Fo] B
& 7AW A Z streptomycin(125pg/m1) # penicil-
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* 1 P<0.05
* % 1 P<001
* * % 1 P<0.001

lin(125unit/m)-¢ ¥ RPMI 1640(Gibeo Co.)
Hi Aol o] QXS Badtefr] 0l Q24D 1x
10°'mI= Al 2389, 45T water bathol 4 SRBC(4
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X10% 0.1ml1s} H]F A E 0.1ml, 0.7% agarose, RP-
MI 1640 5} A & & §&F ¥ v] 2] 237 bottom agaro-
se layer(0.7%) ol %o, 37C CO; incubatorol A
14] 2k v} 3} & guinea pig complement{Gibco Co.)
2mlA & Horg H Al 3087 wsi A 147k
1t Ao BA 7 Fol A7 PFCHFE AU,

Mitogen response® V] 3-& T3 H 0 2 A ge-
ntamycin(50pg/ml) 2 €2 RPMI 1640 20mio] &
H AEE 28§ F, fetal calf serum(Gibeo Co.) S
10% +F&2 23 RPMI 16408 Aol v] 3 A3 Q]

F27H25X10%ml = A &<, microplated] welld
© 0.1m1# ¥ 3, Conconavalin A (ConA, Gibco Co.)
0.7ug/15pl, Phytohemagglutinin (PHA, Gibco Co.)
10ug/10ul, 15ug/15ulE W& §, 37C Co. incubator
(Bellco Co.)ol Al 397 el ¥AI At Thymidine
uptakeE #4571 93 methyl-*H-thymidine
0.5uci (specific activity 20ci/mmol, New England
Nuclear) ¥ £ 2} well®ll labeling*] 71 5, THA] 8A17H
v}}a) 4] multiple automated sample harvestor
(Flow Lab.) € ©]-%3} ] glass fiber filter harves-
tingA] T & AZ A Z ), o] filter discE liquid scin-
tillation B counter (Beckman LS 6800) & ol -8 8] A]
lymphocyte®l labeling® ¥A}5-& count per minu-
te(CPM) 2.2 Jehf o™,

7% IgG, [gAR 32 3 F 319 Behring Institute
(M%) 9] RID plateZ A}43+) single radial im-
munodiffusion(RID) W& o] 8 st} plate=
AR 582 A=A Z o0, dispencerS A& 51
7 welldl| sample2] 4L Y& F plateE A
2ot d2 FHEAA 48417 BT HAL
ZR&AY I3 SR A= Behring Institute
9 dualerE AH83t9.0 M, reference value cal-
culatoroll €] IgG, IgA2] 28 =519 c}

3. FA4 A=)

EE A%E a=005 FFNA Scheffé testo
Tukey testo] 2js] HFx7ke] gol4o HA3t
93\1:]_24)_

1L A% dsle do] 4% 2 3o =7

Table 30l A} 2o] 19 BT A5 =7lgke
Aol RAYERG B AFL Yehfol A
A A Ao o)l R rFA}el] o) gk £-9]
o]z} itk 53 I H-Fize 2 #3Ru} A2
S7tEol @A) WolH REFEH §-9 & o2
B R, AFEvteke] 714 2 1-L-Ladol tf sl
[-H-Pe ¥} 37 f2l8 a}o]5 BYrh(P<0.01).
EE Yol 2 33 AAA AT HY $R o

7iZE Ft o] YH TS Table 3014 Ho

o] AL (2%)TH FFAL(15%)Fe] =
FERAT TG E(30% ) FL e AL
Hof AR nAWE Alolof] A f=3z}e)
og fro7d 2ol Aok (P<0.001) 4]
A E5ol o FAH Aol Ak 2
[-H-Fi o] Heo] d#Fe tj2 Z5ru) 924
gold BE TE7 24 o) & el 9}
(P<C0.01).

4o]e] E&(FER)E Table 391419} Zo] A
Al A HALGZETG 5o AES Ro] AU
o AT Aol feld Ae]z} AAHP.
001). Ae] At FFo| 2 Ao] EE8HE I-L-La,
LL-Fi, I-L-Pei9] ¢£2 2 Fgro}, oS3t &
o Aol YT, LH-FiT e Agel 714 B
A, 2 TEF 97 zol7t AAHP<0.05).
oldsl A AT HABLE B By ©,
MR o] LAGTHT ot 52 AEE HoL}
Ak F&7ke] f9 7 o)z YAck 2} LH-
FiTe d¥F4HFdME e FE28T dolx
Zol] e foF 2olg el (P<0.01).

Table 4914 Ho] F& nlglzde] 7t BA=
Y Al A Aol DAMEHT e A
F2 dEhl AL £EIR T foH zpelE
Hol T3 3, AW FFd 2§ zol= gsich
4E AN ME £5 AgTo] AALTH} 7He

o W mx
o A o
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Table 4. Weights of liver and epididymal fat pad (g
Group Liver wt. Epididymal fat pad wt.
I-L-La 854+ 0.34 Vw2 3.55+033 »
I-H-La 6.28+ 0.59 a 326077 v
I-L-Pe 7.59+0.31 v 267+033
I-H-Pe 588+ 042- 2474049
I-L-Fi 839+ 036+ 261+ 019
I-H-Fi 5354+ 0.55 2 141+ 0.28 a
Significant factor® B* * % Ak %
II-L-Pe 7.17+0.22 - 2.58+ 0.22 Ns»
II-M-Pe 838+ 054 2.89+ 044
II-L-Fi 7.14+0.72 - 237+ 027
II-M-Fi 9.16+0.20 b 0.58+ 0.17
Significant factor B* %
I-I-La 8.14+ 0.67 Ns. 265+ 0.58 N5
HI-M-La 10.56+ 0.68 270+ 054
III-H-La 8.70+£ 159 174+ 056 |
I1I-L-Pe 745+ 1.10 183+ 044
II-M-Pe 7.14+0.25 150+ 0.16
II1-H-Pe 7.31+0.79 2.13+ 046
III-L-Fi 11.18+ 1.15 210+ 0.32
III-M-Fi 8.24+0.59 1.35+0.11
II1-H-Fi 10.09+ 0.95 157+ 0.19
Significant factor

1) mean + SE.

2) Values with different alphabet within the column were significantly different at g =0.05 by Tukey test (Exp

I & II) and Scheffé test (Exp IID).

3) Not significant at o =0.05 by Tukey test and Scheffe test.

4) A Sigpificantly different among dietary fats.
B ! significantly different among dietary fat level.

53| I-M-Fi 9] 277}
o] & vEl 2 Aok (P<

A7t & g velm, *
A A E 5 F o4 A

A £29 ZEFE E7] st epididymal
fal pad®] ¥ AE 24§ A1} Table 494 B 0]
Aol A ] e #F93F Aole gl
E A F759 -2 epididymal fat pad FAES
H & o, 49 Al A =79 FA 7} 623

** [ P<001
* % % [ P<0.001

Fot -H-Fit & £ 9 & Ao & B ¢ 2 v} (P<0.01)
AE AlNAM= AXLEH FF5 AWEtade
A EEo| FRol 8 Fol A 2ol 7t glAT.

Thymus F#= Table 5014 XM= vpgl o)
AALGFEo] AXLFERT L S Holu
Atk 53] [-H-FiT o] FA7} O & 7o) 2A SR
Folx HA YT E BT 29 F=x}o] (P<0.001)
F Bola glos, AA Y7 L-H-Laiw = 9 F
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Table 5. Weights and index of thymus and spleen

Group Thymus (g) Thymus index 5 Spleen (g) Spleen index
I-L-La 048+ 003 V<? 020£001%s» |°  084+018% 0.35 0.00 xs.
I-H-La 041+ 005 ™ 0.21+ 0.01 0.66+ 0.07 0.35+ 0.03
I-L-Pe 0.45+0.03 ™ 0.20+ 0.02 0.92+009° 0.39+ 0.03
I-H-Pe 0.31+0.04 0.18+ 0.02 0.63+0.09 * 0.37+ 0.04
I-L-Fi 0.51+ 0.04 © 0.21+ 0.02 0.96+0.10 " 0.40+ 0.04
I-H-Fi 019+ 0.03 * 0.15:£ 0.02 044+ 0.05 0.39+ 0.04

Significant A¥, B¥ & %, B % x
factor® AB* *
II-L-Pe 0.38+ 0.03 us. 0.17+ 0.01 rs 122+ 0.24 ns. 0.544 0,11 ®s.
1I-M-Pe 0.39+ 0.04 0.16+ 0.01 1114017 048+ 0.09
II-L-Fi 045+ 0.04 0.19+ 0.01 137+ 0.16 0.58+ 0.06
1-M-Fi 0.40+ 0.04 0.18+ 0.01 110+ 0.13 0.51+ 0.07
Significant

factor
III-L-La 0.33+0.03 ns 0.18+0.01 % 1.37+ 0.20 Ns 0.54+ 0.07 ns
III-M-La 045+ 0.01 0.19+ 0.01* 150+ 0.11 0.62+ 0.02
IM[-H-La 0.37+ 0.04 0.20+0.04 0.99+0.37 045+ 0.14
II-L-Pe 0.41+0.12 0.16+0.04 * 101+ 0.24 042+ 0.06
I11-M-Pe 0.38+ 0.04 0.19+ 002 * 1314 0.14 0.65+ 0.08
I1II-H-Pe 0.28+ 0.04 0.13+001° 110+ 0.17 0.50+ 0.05
II-L-Fi 0.49+ 0.06 0.1920.02 " 131+ 0.15 0.52+ 0.04
MI-M-Fi 0.28+ 0.02 0.16+ 0.02 ™ 0.94+0.11 0.54+ 0.06
III-H-Fji 0.26+ 0.04 0.14 0.02°* 0.69+ 0.09 0.36+ 0.03

Significant AB*
factor
1) mean + SE.

2) Values with different alphabet within the column were significantly different at @ =0.05 by Tukey test (Exp
I & ID and Scheffé test (Exp III).
3) Not significant at a =0.05 by Tukey test and Scheff e test,

4) A Significantly different among dietary fats. * [ P<005
B - Significantly different among dietary fat level. * % I P<001
AB : There are interactions between dietary fats and dietary fat level. * & % D P<0.001
5) Thymus index=wt. of thymus body weight
6) Spleen index=wt. of spleen body weight
Aol Bojm g}, mus index® 3RS W= A AL [ A= =]
£ IH-Ped] 278 Fo} LL-LaP % LL-Fig Fe FEA 9 fode gy 4y
ol sl £-2 Fxto) 7} ILHP<0.05). 28]t} thy- A A& 11-H-Pe, UI-H-Fi7t %2 A% Do
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Table 6. Apparent fat digestibility

Ingested Fat | Fat digestibility
Group (g/dav) (%)
IM-L-1a 044+ 001 v=2 4493+ 398
Mm-M-La 253+ 009 bt 69.174 1084 ax
IM-H-La 368+ 036 bt 7889+ 591 ax
-L-Pe 039+ 0052 5062+ 11.10 2=
I-M-Pe 2374019 8725+ 182-
-H-Pe 426+ 057 4 8647+ 389t
M-L-Fi 039+ 003 3765+ 1206
II-M-Fi 22240320 8396+ 409k
I-H-F 397+ 026« 8466+ 297w °
Significant B# * % B#¥ * %

factor®
1) mean + SE.

2) Values with different alphabet within the colurmn were
significantly different at g =005 by Scheffé test
(Exp ID

3) Not Significant at @ =005 by Scheffé test (Exp IID

4) B Significantly different among dietary fat level
* % * | P<0001

1II-M-La, III-H-La, 1-M-Pedl| th &l §-2] & ape)7}
A A HP<0.05).

H 4 BAX Table 584 Zo] AR
B2 A%E Bo Aute] £EAC 9F f97
ko] 7F 1A (P<0.001), I-H-Fiz 2] %47} 713
Zo}A) [-L-FiT 3 I-L-PeFol thatad §-9 5 z}o]
£ Ho|1 it} ¥ & index= AWpFEo|L) FH
& F3A Zolzt fAATh

Table 691419} o] AW AH T2 TAYTo)
AAGTRT £ AL Bo £ oF
ol & Aoz AN (P<0.001) £F Aol F
FEE AP FF) L FE FL FLFL Y
2% FER 2§93 2] E Bk

2. 84 A g

g3 el A 32 Table ol 4] BT %0
=g a E7I8TAAE AALTe] LAYER

= , Bl Ae LA Y] AW
TR & A% 14 43 AlH MM =
E71ET ol T L AW FEX O e FIF
ol & el o}, gt=e] A= A #EL
$-2l7 zlolE HolA @t I-H-Per AW
A wgteko] 71 Qol, [L-LaT# [-L-PeT ¥
[FH-FiT s f94 Ao BF, #& &3 I-
L-Fi? 94 IL-La? % -H-FiT® %93 3ol &
B 449 AldA e vt go] 25 A
Wi AT vadyE EV1EEE £F
AAukgto] AAGFETE A gaFo] ol A

2o 95 FA A FAA S vehg i gl ok (P<
0.05). 48 A M e =, ol FT, E71E8F
cog gAY £A% FFo] oA A FF
7ke] $-21 A o) & Bo| 1 gleH (P<0.001), III-
H-Pes] ko] ¥o A2 ¥ o [II-L-Las} f 2] 5
o] 7} 91 TH(P<0.001). Table 791 X ¢} Zo] A
2282 FFe nALFe] F& AFS 2
A3 Ale] S=Feole ATl & TS
Ho] 2 e §93 Zolrt AN 2dn

Az glol A E IL-Lazel A S8
Ex7} 7174 ®obA I-L-Fi, I-H-Fisg} [-H-Peell
5t fo&d xe]2 Relm ok AF AN
g3 ZH2HEE =T RT, BIIETY
o7 wol Ak 2R 2§ {9 ezt AT

(P<C0.001).

A A4 A FFe F 7oA BEe] &
=iy V18T ES Zixl%%o ofTe 2
Adro] T2 A%S JeElEL, HF AlA &

=Zvko] AdtpEEA 23 BAH {F94& %
Ehfjo] (P<001) I-L-PeTg A9 ZE o7
f94 zol7k Q1A Th

A A1) AA LT T ARTAteld 84
F4 A BIx 49 Al g AFS 1y
A AMIANAMZE AU 4L Fe F=E,
AFE, BVETY €02 WolAA At FF
A% Ho4e BoFun Y3 (P<0.001), II-H-
Pe¢} M-M-Pe7} 713 ¥ A& B I-L-La
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Table 7. Total lipid, cholesterol and trigiyceride contents of serum (mg/100ml serum)
Group Total lipid Cholesterol Trglyceride
L 1a 3328+ 2480 874+ 60 v 1630+ 160 »
IH-La 26431 157 = 746+ 20 a 1004+173 a
L-Pe 2590+ 106 k& 785+ 23 1154+ 72
IHPe 2233+ 56 = 625+ 57 a 646+ 137 =
FL-F 2320+ 83 a 676+33 « 873+ 85 a
L-H-Fi 3154+ 297 - 648+ 62 = 943+ 124 »

Significant AB* * * A%k, A%k, Bk ok,
factor? B* # AB#*
I-L-Pe 2264+ 123 b 639+ 44 ns3 519+ 30
O-M-Pe 1843+ 78 a 488+ 53 401+ 27«
O-L-Fi 2205+ 127 618+ 80 453+ 33
I-M-Fi 2138+ 110 a 446+ 22 749+ 98b

Significant B#* B* % A%, AB* *
factor
-1a 3673+501 b 643+ 43ns 1319+ 316 b
HM-M-La 3398+ 99w 727+ 70 901+ 127 =
I-H-1a 2180+ 311 = 875+ 121 T28+ 46
L Pe 2575+ 317 & 643+173 554+ 50
-M-Pe 2268+ 178 415+ 55 531+ 91 -
I1-H-Pe 1710+ 58 » 425+ 55 422+119 =
II-L-Fi 2658+ 208 ab 6808+ 35 762+ 80
M-M-Fi 2603+ 1214 623+ 44 865+ 49a
I-H-Fi 33504467 & 618+ 73 965+ 144 @

Significant A% %% A® %, Ak *

factor AB* #® B*

1) mean + SE

2) Values with different alphabet within the column were significantly different at o =005 by Tukey test (Exp I & ID and

Scheffé test (Exp II).

3) Not significant at a =005 by Tukey test and Scheffé test,

4) A Significantly different among dietary fats. ¥ I P<005
B : Significantly different among dietary fat level *x 1 P<001
AB : There are interactions between dietary fats * & [ P<{0001
and dietary fat level.

T3 23 Aolzt gddth =< BAEE U , FETH o fFTo A

Table 8¢l 4] 9} Zo] B FF o] &4 HDL fra- At FF A} -]":"_ AdE HolR gfgly, €
ction® FETLH F71ETNHes LAMHTo] ZIg o] A Rt g FAH < -1*6‘13:
AT Bt g AY%g, ofTe AANT B P (P<0.05). =& [-H-PeT2 HDL¥[&°] 7}
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Table 8. Serum lipoprotein fraction ratio (%)
Group HDL IDL+VLDL
I-1a 24564 091 vad 75441091 »
IH-1a 3069+ 328 69.73+ 336 «
IL-Pe 2483+ 287 a 7517+ 287 v
I-H-Pe 4108+ 412 » 5995+ 419 =
HL-Fi J090+ 219 = 6911+ 219
I-H-Fi 24834183 » 7517+ 183 v
Significant B, B,
factor® AB* * % AB* * ¥
I-LPe 6699+ 111 ¥s3) 3301+ 111x8s
I-M-Pe 7382+ 391 2618+ 391
I-L-F 7949+ 523 2051+ 523
T-M-Fi 6865+ 587 3135+ 587

Significant
factor
1) mean + SE

2) Values with different alphabet within the column were
significantly different at o =005 by Tukey test (Exp
I &1.

3) Not significant at @ =005 by Tukey test.

4) A Significantly different among dietary fats.
B ! Significantly different among dietary fat level
AB : There are interactions between dietary fats and
dietary fat level
* 1 P<005
¥ % % | P<0001

& AA I-L-La, I-L-Pe, I-H-Fig 3} 59 & s}o]7}
2 T LDL+ VLDL fraction & I-H-PeiE 8] H]|-&-9]
I-L-La I-L-Pe, -H-FidRt} 2o A%s B &
e Aol HEMR L, E71ETE A 2
atell &3 fr2)d Aol B Auh(P<0.05).

3. HarE

Table 9914 ¢} Zo] mitogene. 2 PHA 10ugf=
A A 4E Aldde =R oJf
At %1“01 B TAM, ENETEL Zl‘%l‘—r °]

LN

Re TN, EVIET S AW FE0) Ye A
ARFHol & FEFS UEAL Y 2 T/
FEatel AT oA aelE viehlA st
PHA‘—"] TEE 15uglz ¥ BeoE ge A

Table 9ol A 2} "i'% o] 4% Al A mitogen?. 2.
Con A AFE3E AL: 28 A% ¥gon
E7ETY ¥Y wrgo] wol AW THI &
)& zpo) 7t AATH(P<0.01). 53] UI-L-Pes} I1I-
M-Ped] ¥hgo] ¥ AL AT

SRBCe ™3d w14 el plaque forming cell$=
Table 1004 Bo] FRo] A8 AloA =g
FE g §93 Aol (P<0.001)S B 24
"7t o] ;qz]mgy_q. e A% Hao), s =5 R B
A TR MG A FHe Aol Bolx
3ie=3

¥ AW immunoglobulin +&& 238 A7 Ta-
ble 11614 HejFEFo] IgGot IgA B =& A4te]
FR LAl 9t F93 o)zl gyt

z g

Hohh gl FRe ke wAYE W 5
E9 AF Wil 0 Ho|2 HA5 E2 o)
}JO Z]H]—___J OTEI"% ‘2.}‘% ']—_"ﬂ_ Xn%_ 7}_01" 0]0'])\_1

AzT e vehln ok AT Aol e
YFoe NS W DAYE, FFALEY A

AT BF A9 2o £F9
AHE Holg kg B 217*
olv} ZAIGZ o) ¥FH we 2 HAsA

o] e JA kol A 4‘101 A#HFol 2427
B g zoleko] Ay B 19} ?___];-q
et B drdAE ofE HE TN Ao
AAFEe] 53 AxIgPed o= °+rr-] %
WA Qg ARz ARET Ao 285=
kg dol B7] &l epididymal fat pad2] %<
AP 2, 22 Ae] AW $=F0] 2%, 15
4o AEs 4T Tol BV o2 4P

0

5

ue rr
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Table 9. Mitogen response (stimulation index? /25X 10° spleen cells)

PHA response PHA response Conconzvalin A

Group (10ug) (15ug) response

HAa 20304 90BVNS2 2315+ 1586 -

I-H-1a 4228+ 866 34.16+ 1899 —

I -Pe 271+1204 3673+ 2721 —
IHH-Pe 1360+ 397 1283+ 277 -

IL-Fi 1321+ 598 1134+ 603 -

I-H-Fi 2915+ 1965 3477+ 2846 —
Significant

factor”

H-L-La — - 4984+ 550N
IM-M-La - — 2620+ 459
IM-H-La - - 5318+ 941
II-L-Pe — - 8828+ 1823
[M-M-Pe - - 8623+ 2928
[I-H-Pe — - 6387+ 1881
TI-L-Fi - - 2290+ 178
M-M-Fi — — 4565+ 493
I-H-Fi — - 4260+ 1548
Significant Ak %

factor

1) mean + SE.

2) Not significant at ¢ =005 by Tukey test (Exp I & II) and Scheffé test(Exp IID).

3 A Significartly different among dietary fats.

4) Stimulation index=cpm of stimulated lymphocyte cpm of unstimulated lymphocyte

% IP<001

ol W8 AW FH g 0 7o FE 2SS B4
Epididymal fat pad?] ¥#7} AW AR
2318 Aol £F7o) o FoF Aolg HA
FaeE AHde AF F7e AgdE e F
28 Atdazyy ol Are 4AE FIFY &
Fdsitt gAE Ho] el FFIL A
ZAE e AYEF Yo 4TL vH £ U2
e FeA e AAE At 7E F7Y 7
Ae L AAEE AF Tt B dAs=
23E By,

Aol A e FFEL B LEE LAYT

o] AAWTHEY & AFo s YEdo ol
ARE F5gAE vrma] ojg grine B4
gogzt dad

WHe FAY gFe AAW $F0] 1A
FTETG 2 AL UrEeril Lt o] f2 2] %
i o] FFE Ve, W F4 Al #
= FAY FFT QQ- %S deEl Y ole
AAY £ Aot F LFFHEHIY, LGS
g oo RojAde EF9 44X € VLD-
Lol ¥l go] Foldtha @ Yol 4 e RuF03
AT Aol EF AR GT 9 2ol YA Fol

fMr o
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Table 10. Plaque-forming cell response Table 11, Serum IgG and IgA level (mg /mb)
(No/10® spleen cells) Group oG IeA
Group PFC count MLla | 200243040882 5874 26MN
Hl1a 213+ 6872 M-Mla | 2907+519 600+ 4.3
[-H1a 3640+ 120° O-H1a | 3509+415 598+ 36
I-L-Pe 250+ 165* M-LPe | 2747+251 589+ 15
IH-Pe 2660+ 840° M-MPe | 2644+466 595+ 5.1
LF 1875+ 55% M-HPe | 27564426 562+ 53
[-H-Fi 3901+ 325 ° MLF | 4202186 527+ 2.3
Significant B % % mMF | 2803344 507+31
factor ¥ M-HF | 3963+55 531+ 15
0-L-Pe 548+ 169 Nsd Significant
I-M-Pe 2183+ 611 factor
I-LFi 740+ 337 D memn + SE.
IMFi 675+ 368 2) Not signifiant ai =005 by Scheffe test(BxpID.
Significant
factor A uba A3 2712 15 84 cholesterol® T.G4]
D mean + SE. 7 Zopo-vgl BXE AWate] 43 FUlE

2) Values with different alphabet within the colum were
significantly diffrrent at ¢ =005 by Tukey test (Exp
I1&ID.

3) Not significant at o =005 by Tukey test.

4) B Significantly different among dietary fat level
* %k 1 P<0.001

o} 2lo] A ke spolol o ¥ Ak dzert,
olgh= " M@ o] AFH%H} FER ® AFE7
ZFo] @23 HolHd olfTel LALH FF
Ak oA e A L TGY #Fol %
gb=d] ol epididymal fat-pad®] FA7F H&
Anz nFo] AFE Aol Al FH 4 207
Aue 3oz quRges olgd AAz
Atz

gAY ZH2HE FFE =D, oFT, =
71gde oz Bedy g3 FH2HE Fol
=3, 4T S/ETY Fo) Wol Mol A
ure] EFAbe] o8 FF HIE B A

ole ¥R EHHEY ¥&e Ao AR
Z 5o &™), Ho] APt 24 53] X3

A5t WA TP 2E 2 FE A AFHNN Ay
Als @k F, EVIEH o) f ] AWt FAAY 0-3
A 24239 linolenic acid®} eicosapentanoic acid
(C20 : 5), docosahexaenoic aicd (C22 : 6)2] L&
Tkl o5 Amiel AL ECH 83 Ay F 3
greEve A nAY 7159 HDLEHYIZE =9
= HDLY %% plasma E3 A8 & F= o3
Ao Qn®0 BTl 2o Haels T
& ] HDL §&4do] ol Buel A gt
Mitogen responset cell-mediated immunity &
235 S uboln] YubF o 2 gokadel o o4
32 wk=TH~E B @) Al 143 PHA(phy-
tohemagglutinin) v} Con A{Conconavalin A)¥ %=
= T-cell stimulating mitogen®] t}. T-cell®] subcla-
ssQl Lyt-1*, 2%, 3% Al ol whg-8}= PHAY 2] ¥ ¢
e e F=o olfe AW FEAA, E
71ge AW FFEA4 52 AFS
#o8 Jele g9t 28lste PHAS w
NEE 2o} vjASEHI nisE 9g
747 Lyt-1* A E o) 8H-3-3}3= Con A9 W3- A%
AL o, 7180 & Agsal v

T

of ce B
o o

e Mo we o £ oo

i}

Woe m
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WS 238 RAT, B3] A SN 52
& Bt ol A At FH 400 B2
& Fx7t & 2 lymphocyte blastoge-
nesis’t YA T, FE7 32 o= I ¥hg ol
deE™, X5 Agate] Ao Au o) 5L
o RhE- 5 ok g grol Ao B g A XS
Agolth, 22 o3 B2 ke dadtn
RE o7 AL olgh e ARE Ry
oo} thg A7} vy o) Foj Aok B} Wt
Plaque forming cell(PFC) &3 € humoral immuni-
tyS AAbSte gyl el d), antigen & 2 A2 3§ SRB-

= T-celld] =42 wolA] B-cell?] antibodyS
A48 4 91 antigen©] th ¥ 449 A =7,

E7 82T ofF BF, A 5494 PFC}
Eol AW FEA ) g {4 zlo]lg RoF
Atk olE LA o] HF BAI He Aoz
njgo] Hol ol nAWFEEY total lymphocy-
teT7 AAWZERT A1, YT Foll A ly-
mphocyte®] SRBCo| ™3t antibody A4 Hde
A pFEe] ¥ Hvhe AL ousth ¥y

W G2 IgG, IgAs) $aFe ¥ e 2 A
Ay Eoluh FHAolo] o) 8§24 o] Lhehi]

ok, ol dFEF et €2 % immuno-
globulin & & A8lE A etis YR TEO
7 A g Ay

Lymphocyte® S| A1 A& ATy o] 2)ut
< AERY] FEYEHE AR A FAEA s,
ALY oF BX G A Ao mRo] RS W
FrEHolth. ety BE3} Aukat Bk Q3=
A Eare] {542 57 A lymphocyted] &2
7t & 4 Qla, ME e UG 5o A3 E 7lA g
T AT &, A ZErtel &4 HE %39 antigend]
TE W3, WA Ee o v go W
TAE ¢ gl 1y 2389 ojyo] o] &HE A
Wikel s wEg = 9l Aol Ay £RE
At T 2 Avgate] o] 4w WHE 1A &
T AT, Aol xuke T AH-2 TAET 9=

1t 243 A% w2 I8 AL T4 4

N

utetx o] Aube] Aupal £He T A
W A o) A% 2§, S22) 9], lymphocyte
membraneW & glycoprotein®] 7= @o ukL
ol dEE v]H 2y 2L, 53] PrAL T
autoimmune diseases} L E G@BA} o}
BEFA ATAEC] £3 AF4 Ao BE4A
ARG Fou i 4HFe Fkea e
e HdEA Y Aele Fd2 ¥ 4 gley
AR fAe 42 duddE Fus &7}
stk

ofF ol
= X

F0

2

Hol AEF 484, o7 2 74T THY
Ade 7 Aite] glojA =g o)A g
7HA 3 9o,

b £ ATNE Yol A FHe @
AN FEEIT e T B4 424 78
7183 584 718 Bug ofE Yo
ALTES 0%, 15%, 2%, AF2O2 2asty
HFANA 4% F oJE FF9 AU AL oAt
R G 5o mHE g B 2 A,

D Aol Ae] £7s Fe gAdS o A3
Z7hz 4ol 4 Fol ARW DA GE FESo
Aol Arel Zgst Ao AZH FPL
=3
Epididymal fat pad®] FA& 8=
Zolu} ol frrHt ANEAL ¢ Fo
2 B AF ZU1 2 2] A R
Hol Ags] FFol- o o FFg W
Ve T 71ErY] Z7) R A A )
e A%e B4

2) @] N gL F4 AW § Ao
BAZ] BAD AXNLZ) 52 AHE
o} ol f& ol wiry W4 ¥

=

d

pita
2,
l’# il

Al
Hogo o oy U
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o
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FH2HE e BET 21 o FFH 57

o] waten HDLY FEE IS5 E7]
Eo) BL AL By

3) W9 whg-9] A#e PHAOL e whgol}

Con A°ll Wi vt-& 25 B dd ojfTe og

Fol M, BVETL 2%, 15% FEANA & uke

AHE LYt 53] 71872 g=Fo} o &
]

que forming cell-& =¥}e) &
TollMd & wg FAE 2AR, IgG, IgA 25
BAFE ol AN

ol/de] AFRE T & o =} o R
E7EL 94 2d 28 E A5 2971 211, 15%
ol&te] At FF A Ax4g 39 kg FEHo
FobA] A¥EA Fgo} A W&o FA3HA
gty gy ez vego gabd 34
FH2HE FE A v FEHE $4A7A
A e Ao] Age] 5o A Yolot 3la,
Aol Akl Fekol AL we BEI AW
o2 H3ste el v stz £

do2 EVIETY IHHH 2L o G2
Holl A} o] B2 77k o] Fojxet dtejgt 47
"o}
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