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ABSTRACT

The cffects of age and dietary fatty acid composition on lipid metabolism were investigated
in Sprague-Dawley strain male rats.

These animals weighing 886+ 22g werc fed 10% dietary fat(W/W. 20% of total cncrgy)
with 05, 1, 2 P/S ratio and in each P/S ratio there were three diflerent levels ol n-6/n-3 flatty
acid ratio » 2, 4, 8. The experimental period was 1 month, 6 months and 12 months.

The results of this smdy were as follows.

The body weight of rats increased rapidly for the first two months, then increased slowly
until 7 to 8§ months. After 10 months of dielary rcgimen their weight decreased. The weight
of liver, kidncy and epidydimal fat pad increascd along with the body weight and then decreased
in the 12 months.

Plasma total lipid incrcased with age and it decreased significantly when P/S ratio of dietary
fatty acid was high. In creasing n-3 fatty acid intake in cach P/S ratio resulted in lower plasma
total lipid although was not statistically significant. The amount of plasma total cholesterol
increased at 6 months, butl dccreased at 12 months. In case of 1, 12 months, increasing P/S
ratio significantly plasma total cholesterol and LDL-cholesterol were decreased and hepatic
cholestcrol was increased, VLDL- HDL-cholesterol did not changed. The n-6/n-3 ratio did
not affect any of theses. The amount of plasma triglyceride and VLDL-triglyceride increased
at 6 month then decreased. When the rats consumed higher amount of n-3 fatty acid in each
P/S ‘ratio, their plasma triglyceride and hepatic triglyceride increased at 1, 12months.
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Table 1. Composition of expenmental diets

Group
. 0.5—2 05—4 05-8 1—2 1—4 1-8 2—9  2—4  2-—8§
Ingredients

Com starch 710 710 710 710 710 710 710 710 710
Casein!? 150 150 150 150 150 150 150 150 150
Methionine? 3 3 3 3 3 3 3 3 3
Far 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 42.5 30

Sesame oil 10 10 12 10 15 20 32.5 30 47.5

Perilla oil 7.5 3 0 10 5 0 17.5 7.5 25
Salt mixture? 45 45 ; 45 45 45 45 45 45
Vitamin mixtre? 10 10 10 10 10 10 10 10 10
Choline chloride 2 2 2 2 2 2 2 2 2
P/$ ratio® 0.5 0.5 0.5 1 1 1 2 2 )
n-6/n-3 ratio 9 4 8 9 4 8 ) 4 8

1) Milk casein, New Zealand 2) 0.3% of diet weight

%) Salt mixture(g/kg mixture) : Galcium phosphate, dibasic 500, Sodium chloride 74, Potassium citrate, mono-
hydrate 220, Potassium sulfate 52, Magnesium oxide 24, Manganous carbonate .5, Ferric ditrare 6, Zince
carbonate 1.6, Cupric carbonate 0.8, Potassium iodate 0.01, Sodium selenite 0.01, Chromium potassium
sulfate 0.55, Sucrose, [incly powdered to make 1000

4) Viamin mixwre(mg/kg mixture) : Thiamin. HCl 600, Riboflavin 600, Pyridoxine. HCI 700, Nicotinic
acid 8000, D-Calcium pantothenare 1600, Folic acid 200, D-Biotn 20, Cvanocobalamine [, Retinyl palmitate
400,0001U vitarminA activity, dl-g-Tocopheryl acetate 5000TU vilamin £ activity, Cholecalciferol 2.5, Mena-
quinone 3, Sucrose, finely powdered to make 1000g

5) P/S rato= Polyunsaturated fatty acids/Saturated farry acds of experimental groups 6) n-6/n-3 ratio=n-
6 faity acids/n-$ fauy acids of experimenwal groups
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Table 2. Fatty acids composition of fats

29 AW Agojar W

Dle'taly fat Beef tallow Soybean oil Sesame oil Perlla oil
Fatty acids
14:0 43 - - -
160 21.7 9.6 11.9 92
16 1 3.3 0.3 0.07 -
18:0 248 45 4.7 1.2
18 2 1(n-9) %6.0 19.1 28.5 10.6
18 - 2(n-6) 7.1 52.9 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 4.5 8.1 7.3
n-6/n-8 ratio? 9.7 4.9 33.7 0.6
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(o]

ting A7 /‘]'71“— O]%ﬁ}cq M’“"’ﬂ’ﬁ HBg =
Fetgh B AMHFE ZA] 7H, A3 —r_l”l-?l'ﬂ‘%]‘
o] FAE ST L ALAEE S EA43)
A8 ¥E rasiEd.

AL EDTA. (ethylt‘ne diamine terra acetic
acid)7F £ ﬂ]*“’ﬂ HOJ Aol A 20
< ¥t ¥
]6}] ‘§ - Rt 8 K3

&gl ol AHg-aksict.

Lipoprotein fractionZ ultracentrifuge methodel] 2]
) VLDL¥} LDL fractiong %83} ¢ch2925) [VLDL
(d<(1.006g/ml), LDL(1.006g/ml< d< 1.050g/ml)]
26) Lipoprotcin® 4o 202 3k a2 4mlZ A5 2]
BEZo02 ovfE]E poolingdtdch AFHHE VLDL,
LDL fraction< H#AFete] E4F4E =799
timersol &9 10pE HA7A
BaE A

i. \ilo

=5
‘11‘.‘—|
o], OJN_E‘_

A

=y lipoprotein

=
A Z
A

=

A 7

AL Fringsg? o, 7he] & %)
Hhe. FolchtH Moz AsAY f‘gﬂr VLDL,
LDLY ] F FH2HZgL zﬂ\‘ﬁ o o5 =

Astg EAe] HDL 28~ HE %2 cholesterol

2) n-6/n-3 ratio of each [fat

esteraseE ©] B8 HEAAG k(AN dR)E
A&yt 7te) ZHAYIHL Folchoz =

% FAYE chloroform®] = ZakPell 28]
vjAA 2, E39% viDLY FAHAWHS
Fleccher#-& W3R8 Neri#0o] o3 243ty
th 7ke) AR Folch o.2 ?—% %
choloform®l] o €47 g =

H
=
=

=1

T

b

ity

=l
pad

A

Hu
=

24817 H3 A,
100W# & BE,-
FEAFl A 7FL 3k methyl esterE
*ﬂ_n_O]-Sﬂt} Methylation®  R]Hhato
100ulel =ef 714 ZZo}E 73 E(Gas chromatog-
raph, GO)2 24t GCol 2419 AMg-H 7]
%<& Perkin Elmer auto system©] 12 column Sp-
23302 8 silica®  HE= 9] 27 (0.25mm X 30M),
AZ7]E= Name ionizadon detector(FID) Tk Co-
lumnd &5 270 HX $2278 g
1215 165To A 190T74A] £ 10T F7FNF
93} = 190"coﬂfﬂ 240“(:77}x1 B 2008 A4
ath FA7H HAEVIY 2REE 250TE Iy
2= 7]'}“3 "}ﬂfﬂ'mt} ¥tk
EFAYLE o] &3l @asp, ofFHFY
4 Sl ’é'/‘]ﬁ']'oq 2 H o

n-hexane

ax
- &
A&

=9} retention time<
A Atsl el

_690_



Duncan’s muldple range testoﬂ H/ﬂ 7—} AV Al ZE
2R ATt f9448 dEAe 29 RE
}133312.0]]}\-" 1_,],0 (Age) Mo ]tlo'l—)d-_(_)_] P/S H]&
(PS)# n-6/n-8 Bl & (N)S FFS a=0.01, 0.05
01 FEAN 389 B4 BHE Sgom £940]
webg advrE EAERTH

1. M|ZED 2700 0jX= gat

AL& 717 Fote] AE was Fp 1o =23
gt A 1~27019E Aleolo] 2 Fo 7 H7lat
Gouv 7~1074 Y7k = 4R F %o 7 Z7ET 7
WS RE = 24 5he 3% 2ok =d7)d

Aol Zarothe Bt glonis orjge 4

Ao\x A%ol Zadel wsh ®are] Uehin

Adsks ANE BRstE ez 2 4 At A
(@)
600

o

<
I

> Hl
u
e
>
1
3
&2
2
le
=
L
N
s
%
A
ol
H
b
B
ke

9000
rr

X

L

ST
o
[
2
Io,

N, S
of
o
b
>-'
LA
30,
o
!
T
A
oft

o
= i

¢

=
[
W N
z 2
LN
o 4
= 5
=
£ £

()
> TP
do A
i
4
_Ol—.-ll
L =
e
|
o oo
o
™o
|
P
t\lo I
K.

,_
>
)
e
ofn

o
L
&
S

1

{
2
ofy
dlo
=
i
)

7w
g
0%
i)
Biid
El
gt
_}i‘
olt,
Blor
»
1o,
—
2
o
=
o
=3

¢

T O - O
>,

o
Lo
8 &
ﬂﬂ2 )
N,
2 __‘IT:
N, X
aa 1]
Fr o
oh

4
ok
path
lo
_E._Lﬂ
foy]

1

A

o o b oy

shd . A1 A A=
ez 127 LAkl el AL
1270 Yol n-6/n-8 H]-&o] 1L
shisich BugAtRA e FA=
7} 2l Aboi o ﬁﬂzi o}}ll Z7hstd 1278
daslEy. &, 4 Z7FAs AFH
9-}°ﬂ whgl 67) Y el "7P5]-TL 1270 el sk
F o] Al zpol vt veldked &8 F1 %Z A
7“‘/} 274 vtk ol gt 84 4
°‘°%L3r/ —.'@ A Aol 37 NALE Fad
2 Aoy B8 2AREAS AAAH

=
3 O =
o Uﬂﬂ%% frAzEE Aoz ARG

Moy N
clt
Sl
A,
&2

YL

L
a

J;%‘%

7 &k.e.

CER

1

=
cu”

L e g
——Qr ]
53
o,

i

500

400

300

200

a 1 L 1 —1 | 1 1 ) 1 1 I
0 1 2 3 4 5 6 7 8 9 10 11 12
(months)

Fig. 1. Body weight change.
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Table 4. Total pid of liver and plasma
Liver(mg/g wet weight) Plasma(mg/dl)
Feeding period
1 month 6 month 12 month 1 month 6 month 12 month
Group
05—2 V66224602 750L 57N 744+ 9.6MY 1318+ 445" 181.7+ 7.3N5 199.0+ 21.9%
0.5—4 52.8+1.9¢ 71.9% 4.7 674+ 458 153.84£11.32 1450+184 217742074
0.5—8 550L£1.8P 803t 6.6 56.6+ 83 149.6+11.2% 1750+ 13.0  242.6% 20.9°
1-2 64.3+ 2.5 839+ 4.1 581+ 2.7 128.2+16.4*°0 183.2+11.8 1772+ 94
1—4 559t 6.5 850+ 129 76,5+ 11.9 13762 10.5% 1768+ 160 1862+ 9.2
1—8 6755492  69.8% 40 541+ 68 153.5+ 9.7% 1502+ 6.0  1846% 7.00
2—2 586 59"  77.0% 5.3 757+ 154 128.7+19.0° 180.1+16.5  178.1%+24.7"
9—4 74.64 4.0 753+ 6.7 574+ 5.3 107.4%£12.7%  168.0+13.7 18834 104
2—8 70.8% 5.8 82.8% 5.0 5884+ 7.7 122.3+ 3.9% 1799+11.0  190.8+ 15.2%
Sigmificant
fga-lz‘[or'}) Age“’"“ Age’“”""‘

1) Mean SD  2) Values with alphabel with in the colume were significandy differnt at @=0.05 by Duncan’s

multiple range test.

was calculated by 3-way ANOVA. PS: P/S ratio,

a=0.01, **Significant ar ®=0.05, “Significant at a=0.1

Table 5. Total cholesterol of liver and plasma

$) Not significant at ¢=0.05 by Duncan’s multiple range test.
N ! n-6/n-3 ratio, Age . [eeding period. 7

4) Stadistical significance

Signilicant at

Liver(mg/g wet weight)

Plasra(ing/dl)

Feeding period

Group 1 month 6 month 12 month 1 meonth 6 month 12 month
05—2  D7.50%031®2 894+ 083" 564+ 030N 90.84 8.3 120.146.0Y 1152+ 14.6¢
0.5—4 7.08+ 0594  8.04% 057> 549+ 0.22 92.9+ 5.1* 111.5+ 9.6 109.2+ 4.4
058 7.19+0.25"  835+0.39» 518%+0.58 90.1+£9.2° 114.9547 116.4+ 1082

1—2 8.04+0.48% 942+ 052 5144 04] 85.2+ 4.6  118.816.2 108 4+ 14,54
1—4 8.81£0.55% 10.31£0.89*  5.89+0.55 814+ 564  114.5+6.0 959+ 543
1—8 §.36£ 0.26%  7.97£0.26° 4.92+0.22 86.8+ 4.3 1021+ 5.8 92 5+ 5.8
2—2 8.21+0.64%  9.73+ 058P 598+ 0.62 68.8+ 6.2° 118.5£ 7.9 §9.5% 1234
94 9.09+1.93* 1027£0.56%  528%0.2% 7841 54% 1117471 72.0+ 3.6

2—8 8.94£0.48° 8521036 510%£0.18 708+ 6.5% 1165+ 7.4 86.4% 9.4%

Significam .
frcord PSH7H  N** Agent® PSH* Agetst

1) Mean 5D 2) Values with alphabet with in the colume were signilicantly differnt a1 @=0.05 bv Duncan’s

multiple range test.

3) Not significant at ¢=0.05 by Duncan’s multiple range test.
was calculated by 3-way ANOVA. PS ! P/§ rado, N n-6/m-3 ratio, Age * feeding

period, 77

4) Seadistical significance

“Significant at

a=0.01, **Significant ar @=0.05, “Significant at ¢=0.1
T) 8% FA2dS0l fdor e ARE  WE H95 Aolrh Uehgm Mo} A4tel ps
VR et Bl o] Fotgel wet Fashz foxe Ao
Al SHSEEFL Table 69 FEIAAT. BT HDL S8 26|32 67] Ul Z718}5
Y Fel2H 89 oF 258 WS DL F 194Kl HUA Zaste 39 Bg, 640
A2E S 12 ge] AT F718 Bed volo]  Bs Mgo] 252 2L ATE RAFYoY 0
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498+ 520
321+ 5.9%
470+ 8.7
460+ 6.3

4681 2.5
444+728

1 month 6 month 12 month
148+ 3.6

50.24 4.5
496439
471+ 3.9

HDL/plasma total cholesterol{ % )

482+ 310 405+ 102
516+ 5920 406+ 5.4

HDL(mgfdl plasma)
1 month 6 month 12 month

1186+ 1.4% 4604 1.5% 478+ 40% 4144 51

126.1+ S5.0% 5271 4.5
1858 9.1% 44,0+ 4.1 524+ 4.1 48,

1175+ 7.6% 30.3+3.4°

80.1+ 6.7
84.6+27
864+ 32
852+ 3.0

LDL{mg/dl LDL fraction)
l month & month 12 month

887t 6.7
7801+ 36
§2.1+ 41

Table 6. Concentration of lipoprotein cholesterol
8221t 1.0

12 month

349+ 1.27
3521 0.14

7.751 0,82 6424 0.68

570+ 020" 7390+ 4.97
8.871 0.74

6 month
453+ 0550

VLDL{mg/dl VLDL fraction)

1 month
500+ 1.01
671+ 2.62
671X 2498
7.29+ 3208

U532 19950 790+ 16403 5.46% 1697 04.8+ 15.5™ 803+ 30" 1305+22.1° 3931 05" 48.8L 0.6° 55.1% 48 528+ 4.7 5851 8.0° 6291 5.1°

-2
S5—8
-2
1—4

Lipoprotein
Feeding period
Group
0.5
054
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