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The Effect of Docosahexaenoic Acid-Rich Fish Qil Added to
Different Dietary Fats on Lipid Metabolism in Rat
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Department of Foods & Nutrition, Ewha Womans University, Seoul, Korea

ABSTRACT

This study was undertaken to elucidate the effect of DHA-rich fish oil(DHA-rich oil) added
to different dietary fats on lipid metabolism. Rats were fed perilla oil, sesame oil and beef
tallow with or without DHA-rich oil for 12 weeks.

The weight gain was higher in groups with DHA-rich oil than that of groups without DHA-
rich oil, while weight of epididymal fat pad was lower in perilla oil and beef tallow groups
with DHA-rich oil. The contents of total lipid and triglyceride in plasma were not affected
by dietary fat types, but that of total and HDL cholesterol in plasma were higher in sesame
oil group than perilla oil and beef tallow groups without DHA-rich oil. The contents of total
lipid, triglyceride. total cholesterol, HDL cholestrol and LDL cholesterol in plasma were decrea-
sed by DHA-rich oil addition. The contents of total lipid, total cholesterol and triglyceride
in the liver were not affected by dietary fat type. The contents of total lipid and TG in liver
were not affected by DHA-rich oil addition while hepatic cholesterol increased by DHA-rich
oil addition. The activities of glucose 6-phosphate dehydrogenase and malic enzyme were highest
in beef tallow group without DHA-rich oil and decreased by DHA-rich oil addition. Peroxisomal
B-oxidation had an inverse relationship against the activities of lipogenic enzymes.

In conclusion, dietary DHA-rich oil decreased fat accumulation and had hypolipidemic effect,
especially in beef tallow group. Also groups with DHA-rich oil showed more hypolipidemic
effect than perilla oil group. And DHA-rich oil addition to diets resulted in increasing dietary
n-3/n-6 ratio. Therefore increase in n-3/n-6 ratio as well as dietary DHA were considered to
be responsible for the ‘hypolipidemic effect resulted from DHA-rich oil addition.

KEY WORDS : DHA (docosahexaenoic acid) * n-3 fatty acid - hypolipidemic effect - lipogenic
enzyme * peroximal B-oxidation.
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437t BAY L o A AAte wste g8t xAL
Az AHAL U ES ASHAIY DHS #AV A=
Aoz AAFS T PPy, o3 AAHY Ay
AL S 22 F dE 979 d#oz HFHY
W3l & Aol Jea FaFe W] ¥ AHr}
Ao gt fﬂxﬂﬂ}?q A€ Aolis 7+
Fodd F48 st Re Aol F#F A F
F2AM FALAAF, C}giﬁ}?‘]%‘&ﬁ%%‘, P/SH]|
&, n-8 AR @ n-g/n-eu gl g A7t
Bo| o]FojA I Y1)
gutd oz FEA Aol FHAHES M X
P dH AAFE FUMAFNAT B F A A o
A= @AY S8 260 EFFH low density lipopro-
tein(LDL) ¥ 28 &%o] 280t F A AP
"9 g A gate] % 228 E F7HEAE lauric
(12 : 0), mystric(14 : 0), palmitic acid(16 2 0)ol 9]
3 2o|™ stearic acid(18 : 0)b BA%7F 1270 B
o] ¥}l 4 P AH S o H IS
oA e Aoz ¥ugT P B XA
Abo] 93 AA FYAHESAI} AT LAY
52 ARSLY, gFo g BHE F/AIIHD
ol 2 FAL BAaAF TV LDL receporE 5
3 zHozo o)L FUAIE AWWE
o]ZojAE Aoz A Utk olEjd ¥ FH
2HE Aaide GEIZHANFAARE n-3 A
WAL -6 R Hbabel whel 1 A3 tEdhs Bi
Zo] gt} g AFONID0 A n6 A4 o]
AR n3 Aol 4HY o ¥F Y
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Aanc g AARS o & A0 ns
Aakdlo]d o g2 E3 A HAE S B-Atelvt St
Hrie) N-g Auhabo)= o] FA| AL
A7) 3 XA S7FAIA very low density li-

poprotem(VLDL) A4S A% 7148 9 AgetA

o224 VLDL 4% HolAA st 3 F4
1%3 Gaed 7loshe ¢ a9l A&
Qi rpid) o o] f- A"k 4k (eicosapentae-
noic acid, EPA®} DHA)2 VLDLY| &4 AWl F
A 298 Gl A apoB] Aol dFE
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Hg37 dg Aoy Bl au g Ao e
YRS o H 2 4HANAL o F = I A A A3
a2 vhebd 5 ok ol 47 o) 483 A9 011*1
He KA Aolu], m& ofuf o] 4
&9 T det oKt At gl & °'E}
mekA AP AE Selvke Al Eol 4 E
DHAHY 15 AL HAANAS me ¥4 A
Hatastel ol EFE 7159 EHol 4B ae)
Aol Hms) Bz} At olg sl Aol Ay
o7 78, A7 E vy $AF dAATNS 43
Al 71 Aol ztzhe] AW 60% ol IDHAC] -/ (DHA
27.2% %) 40%7F H7hE Ho|(% 67he) 2lo))B

MaxE o e

322 A% 4749 Spra-
gue-Dawleyd =71 BHE, 4402 AH{371A
59 T LN PR (HFARIZ ALAD F A
%ol wre} 7 (randomized complete block design)
ol ofsf 123 subH o] AFHolR 1253
ARSI
Table 194 B w9} o] Ao|Aut4=F8 §=
AAA AFH= FHALFH 20% (Aol FAY 10
%)E DA AL FRE 5718 (03 AL
o #9), #7506 Aol F4) 2 (X3}
Ao F) & dte Aol AW 100% AA

AFHANA QAN A A7) 2olet Zhzhol AM 60% o] DHAZE 27.2%
‘Table 1. Composition of experimental diet (g/Kg diet)
Group DHA-rich oil Without With
Ingradients : Fats P S B P S B%
Corn starch ) 700 700 700 700 700 700
Casein 150 150 150 150 150 150
Methionine 3 3 3 3 3 3
Fat (100) (100) (100) (100) (100) (100)
Perilla oil 100 60
" Sesame oil 100 60
Beef tallow 100 60
DHA-rich oil 40 40 40
Salt Mixture" 35 35 35 35 35 35
Vitamin mixture?) 10 10 10 10 10 10
Choline chloride 2 2 2 2 2 2
P/S ratio® 6.26 3.60 0.16 3.24 2.34 0.56
n-3/n-6 ratio? 1.61 0.02 0.16 2.11 0.47 2.31

1) Salt Mixture(g/Kg mixture) : Calcium phosphate, dibasic 500 5 Sodium chloride 74 i Powassium citrate,

monohydrate 220 ; Potassium sulfate 52 Magnesium oxide 24  Manganous carbonate 3.5 5 Ferric citrate
6 5 Zinc carbonate 1.6 5 Cupric carbonate 0.3 ; Potassium iodate 0.01 ; Sodium selenite 0.01 ; Chromium
potassium sulfate 0.55 7 Sucrose, finelv powdered to make 1000g

2) Vitamin Mixture(mg/Kg mixture) : Thiamin.HCl 600 5 Riboflavin 600 ; Pyridoxine. HCI 700 : Nicotinic
acid 3000 3 D-Calcium pantothenate 1600 ; Folic acid 200 ; D-Biotin 20 ; Cvanocobalamine 1 ; Retinyl
palmitate or acetate 400,000IU vitamin A activity 5 dl-a-Tocophervl acetate 5000IU vitamin E activity 3 Cho-
lecalciferol 2.5 3 Menaquinone 5 ; Sucrose, finely powered to make 1000g

3) P/S ratio © total polyunsaturated fawty acids/total saturated fauv acids in experimenal diet

4) n-3/n-6 ratio :
5) P! perilla oil, S : sesame oil, B : beef tallow.

“towl n-3 fauy acids/total n-6 fatty acids in experimental diet
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2o} g A F Ao 2E edible acid casein(ZF, Mu-
rray Goulbur, Codperative Co. LTD.), &8 &E+H
Qozt $AFAR(ENE 22 U5 AEH
aot. 4824 ole] F/4-& American Institute of Nutri-
tion(AIN)3¥ 8] o2& FustHTt

AE A 7NN B AYFES vty £l st
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1) AE 8
N9 23 49%2L 1AL FUF dieyl

etherZ v A A 7N EE T 3.8% sodium citrate 0.1
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A
e

mlA =2 o8 coatingAl 7] 10mIFEAL71E o] &3}9
Aol gL HH3YL AFHE AL EDTA
(Ethylene Diamine Tetra Acetate) 7} S+
vlene A2l ol 2087t g & dAE
2]7](Sorvall, RT 61000B)& 2,800rpmol 4] 203k
AN B s RS AU Y AFE RARE
2o o YEr#AHger d%e 48 BY Ii-
poprotein ¥ AHEH A

Lipoprotein fraction KBr#} NaClZ THE density
solutions o] &3}e] Ealtnal st Ao 3
o WES Bay YARDH FEd o] ¥
g89E 998 o 4% ultracentrifugationy 35)36) of]
95 VLDL(d<(1.006g/ml) % LDL(1.006g<_d<(1.050
giml) & £ A, Ao BoF AL 4mlo]
g ARER vpgle] 4oz REato ontld
Ygs gH Aww peld Agsgc A€
VLDL, LDLE BE#E9e] 4 845 7] 94 thi-
mersal &N 10ulE 2713 3 A2 BAA7A dE
B

gl g 253 ZA] 7HE W of ice cold salinel] & o]

polyst-

fa

Table 2. Fatty acids composition of different experimental fats (%)
Dietary fats DHA-rich . . . .
. ) Perilla oil Sesame oil Beet tallow
Fatty acids tuna oil
CcC1i14:0 4.0 0.6 0.2 2.4
Cl1l6:0 19.3 9.5 10.0 20.4
Cl16:1 6.3 0.3 2.1
C18:0 5.0 1.3 3.6 18.9
C 18 :1(n9) 15.0 14.8 35.7 41.1
C 18 : 2(n-6) 1.4 27.3 48.9 5.8
C 18 :3(n-3) 09 44.1 0.8 0.9
C 20 : 4(n-6) 1.9
C 20 5(n-3) 5.7
C 22 : 5(n-6) 2.9
C 22 :6(n-3) 27.2
Unkown 10.4 2.1 0.8 8.4
> PUFA 71.4 49.7 6.7
> sFA 11.4 13.8 41.7
P/S ratio 6.3 3.6 0.2
n-3 44.1 0.8 0.9
n-6 27.3 48.9 5.8
n-3/n-6 rato 1.6 0.02 0.2
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TDHAS %S B7E AR vlRE g

AT OF FAE A} w2 70T BAE
& Aol AHgatih FagA R Holy

2o A ek Frings$®) o8, 7ol & A9
#F2 Bligh and Dyer‘ﬂ”)ﬂ]— Folch®49& o] &3lo
A3t @4, VLDL 2 LDLW Y SEAHEF L
Zakgtol o8] £43tga 79 HDL FH 2
%2 cholesterol esteraseS ©] 83 &F4A < k(=
AAIF, dB)Z F45AT. o] FH2HEFS
Bligh and Dyerde] 93] &8 AW S S22 X
Boll mo] zakgt ol o8 w4 gt

&7 VLDLY %3 A% lipoprotein lipase 9} gl-
veerokinase S Xt A kil(Fd 318, 4 &)
2 489 11y FA444L Bligh and Dyertﬁ”)
7 Folch Vel 93 328 A& FRe¥xgon
Hol 4R F A F A E22XES
gestVo] &) b A4 e},

(2) Lipogenic Enzyme 34123

7k 0.5g-& 4vol.9 ice cold sucrose/Tris-HCI buffer
(0.25M/0.01M, pH8.0) & 28 Fot #2517 &
A& 71( Sorvall, OTD Combi)Z 10,000 x g, 4
Coll A 202 T AHEAA FEHE det) o
F5HS 80,730 x g, 4TOIA 4087 ThA] YA R
YA A A 45AE lipogenic enzvme(glucose 6-
phosphate dehvdrogenase®t malic enzvme) 4 &
L 98 g490F o] &3k

Glucose-6-phosphate dehvdrogenase(G6-PDH, EC
1, 1,1, 49)24E Deutsch’i*Vel o3 =3t}
3.8mM NADPLo} 0.5M Tris buffer, 0.63M MgCl,,
33mM G-6-P & ¥ ZH4 2 working regeantE T
& 7)o EAYE ¥ spectrophotometer(Milton
Rov, specironic 301) 2 339nmof A} ¥F-E-0] lineard) &
W7bA] 2~3% 7@l 1% 30% (HAOR 3E
£+ 0.0.9] W3hE /)% eke} ¥ 44 E NADPHS
nmoleg A& vehl ot Malic enxyme(ME, EC
1, 1, 1, 4009 #A1S Hsu and Lard_vtg“)Oﬂ 9] 3j
2439t 0.4M Triethanolamine buffer, 30mM L-

malate, 0.12M MnCl, - 4H,0, 8.4mM NADPL o
THTFE YL E AL F A7) AP £409
Yol F&ol sml7t A g} o] & spectrophotome-
ter (Milton Roy, spectronic 301) 2 339nmoll A 303
AR 3@F< 0.0.9 HIE ZH3le £F A

tlo w2

l:r
29 42 25N FAEHYoH a9 @
pd

(3) Peroxisomal p-oxidation &7

PN 29 peroxisomal B-oxidation Z3A& ¢3}a]
Singh and Poulos# 7o) 2]} peroxisomeS &
3tk Peroxisomal B-oxidation& palmityl-CoA7}
Ao H peroxisomal B-oxidation?] AWHH THA o A
Yolut= NADY A NDAHZ 9 #9343 & spectro-
photometerZ 54 6} cvanide insensitive palmytoyl
CoA-NAD reduction W}#9 0 2 2319}t 50mM
Tris-HCl buffer, 20mM NAD£ 9, 0.38M dithiothrei-
tol, bovine serum albumin&!, Triton-X-100, 10mM
CoenzymeA, ImM FAD ¥ 100mM KCNE covettoll
W3 & 4 & 37T water batholl FA] incubation
AN gF oA7ld AEE 7hete & det smM
palmitovl-CoAE 7}39 ¥hgo] AlZEM  spectro-
photometer(Milton Rov, spectronic $01) 5 340nmdi
A 30& HALR 58EQ¢ 0.0.9 WEtE FH5A
22 #9499 NADHY nmoleZ &4-& vFehyct.

Ao ARG LownvEi o g R}

u a=0.05 F
oAl Duncan’s multiple range test2 7348ttt
E3F 2-wayv ANOVAOS] 2J&f HojAte] {9 3

1. AE37

AheE8Y AFENF ¢4 ¥ ) .
Table 30| HEFN AT}, A FF7HF-E A o] AW £ 7o
mE xlolE gidey IDHAYS H7HA o ot
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Table 3. Effect of dietary fat type and DHA-rich oil addition on body weight gain and epididymal fat

pad
DHA-rich oil X X S %)
Without With Significant factor?
Fats
i P 351.9+15.9V%  386.8+ 92,042
Body Weight \ ;
i S 335.5% 21.5P 4025+ 16.0 B**
Gain(g/12weeks) ab a
B 380.8% 13.6° 385.2:+ 29.14
P 12.38+ 0.942 11.10+ 0.93° o
o g S 7.79%0.91> 11.63+ 0.62°
Epididy- ' ’ AxB*
N B 12.93+ 1.16 10.77+ 0.94°
m.
P 26.88+ 1.19%» 22.39% 1.83bM )
Fat Pad mg/g . . AF*
S 17.08+ 1.30¢ 23.03+ 1.114b¢ ,
BW ‘ AxB**
B 27.21+ 2.08% 21.56% 1.15¢
1) Meanz SE

2) Values with different superscipts among 6 groups were significantly different at @=0.05 by Duncan’s
multiple range test
3) *p<0.1, **p<0.05, ***p<0.01, A : fat type, B . DHA-rich oil addition

Table 4. Effect of dietary fat type and DHA-rich oil addition on lipid contents of plasma(mg/dl plasma)

DHA-rich oil . . .. )
Without With Significant factor*
Fats
P 153.34 15,617 131.6+ 8.932)
Total Lipid S 162.5% 11.5% 136.9+ 7.0%
B 151.7+ 14.32 1062+ 6.4°
P 78.9+ 6.32% 69.2+ 3,752 y
Total ’ A%
S 858+ 6.172 73.6+7.344> »
Cholesterol B**
B 68.3% 4.325¢ 52.8+ 8.23¢
P 97.1+18.1 89.2+ 11.5N5®)
Triglyceride S 76.8+ 152 89.7+ 7.9 NS
B 100.8+ 11.5 75.9% 10.0
1) Meant SE

2) Values with different superscipts among 6 groups were significantly different at @=0.05 by Duncan’s
multiple range test

3) Not 51gmﬁcant at = 005 by Duncan’s multlple range test

4) *p<0.1, **p<0.05, ***p< 0.01, NS : not significant, A : fat tvpe, B . DHA-rich oil addition
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Table 5. Effect of dietary fat type and

tions

JIDHAS}§-9 H7}7F A Aol v X A3k

Nl Aol #asdth.  Eol vs] EUAT LDHAYH B2 BE oA
& HoAW FHS LDHA  WZAA BAIUG WY FAALIFE 477
2 ol F71EFol B2 2 94 HolE YA Qstor} DHAH H7h

DHA-rich oil addition on lipid concentration of lipoprotein frac-

DHA-rich oil

Without With Significant factor®
Fats
P 44,6+ 5,191 36.8% 24450
HDL cholesterol ) . AF
S 52.4% 4507 372+ 3.65" .
(mg/d] plasma) . _ B**
B 38.5+3.26" 24.5+ 2.04¢
P 562+ 4.60"% 533+ 209V
HDL cholesterol/ ) Al s
S 6141t 4.01* 51.8% 4.64*" B**
Total cholertsrol( % ) "
B 55.11 2.15*" 47.1+ 4.05"
p 93.1% 0.94% 90.4+ 023
LDL cholesterol ) u
. S 93.9+ 1.42°¢ 926t 0.95% B**
(mg/dl LDL fraction) a |
B 93.0% - 0.73% 90.0+ 1.50"
P 34.4% 6.14 36.0% 5.81N)
VLDL cholesterol
. S 225+ 4.55 31.1t 2.46 NS
(mg/dl VLDL fraction)-
’ B 252 3.48 31.7+ 5.79
P 163.4+ 36.6 145.6+ 46.0N8
VLDL TG
. S 115.1£55.2 121.8% 26.7 NS
{mg/dl VLDL fraction)
B 116.8+32.8 118.3+42.8

1) Meant SE

2) Values with different superscipts among 6 groups were significantly different at a=0.05 bv Duncan’s

multiple range test

3) Not significant at @=0.05 bv Duncan’s multiple range test
*p<0.01, NS : not significant, A fat tvpe, B : DHA-rich oil addition

4) *p<0.1, **p<0.05,

Table 6. Effect of dietary fat type and DHA-rich oil addition on lipid contents of liver (mg/g liver)
DHA-rich oil . . .. . )
Without With Significant factor?
Fats
P 52.9 *£3.13Y 54.4 +3.74N52)
Total Lipid S 50.4 £ 4.00 57.5 £2.25 NS
B 57.3 £2.88 54.8 £ 3.08
P 5.21%0.20% 5.27% 0.2420%)
Total ] ) o
S 5.08+ 0.282P 5.75+0.222 B**
Cholesterol 4
B 4.86+ 0.20° 5494 0.20%
P 20.1 +3.78 22.2 +3.96NS
Triglyceride S 19.5 *4.26 26.0 +2.92 NS
B 25,9 +2.52 22.2 £2.78
1) Meant SE

2)- Not significant at @=0.05 by Duncan’s multiple range test

3) Values with different superscipts among 6 groups were significanty different .at @=0.05 bv Duncan’s

muldple range tes
lupl ge test

4) *p<0.1, **p<0.05,
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T3 LA FAME IDHAOH 72 A3 84 tion AEE 243 A3 Table 79 AA AT Go-
FAANAZ AEE JeR LT PDHS} MEQ ¥ AT b FEo b3
Lipoproteint] o] A& ¥ FE(Table 5)& EW solHo @ o} AWAFAgo] Bud] doju gl
HDL ZysuSdsy 34 FZY2HETFE 28 ¢+ %tk IDHAoR H7tE EE 4ol
2o ALS Ho U270 ¢ Zol vE %1 AuZo A G6-PDH &4 0] ZAstg o 1 FoiA
3 Ao|AHEol A EF IDHAOHY H72 ZAh  $ATL $9H ol HHth ME #42 Aol
84t HDL 2828 E/8%4 222 E v&e A 254 ©E IDHANF A9 dFe] t2A
Aol AW 280 93 o= Aoy IDHANS  UEh} $XFH S7)EFAE ILDHACfY A
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tiont] ZH2HEHF
ol glloyt IDHAYNF H7HA
o A 7+A 3ttt VLDL freationt] F#| AH E3
FAAREFE Aot FIFHA AHolE Ho
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A3 IDHAMF M7t RE Aol Ao A

&
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Table 7. Effect of dietary fat type and DHA-rich oil addition on lipogenic enzyme activities and peroxisomal

B-oxidation"?
DHA-rich oil ) . Lo : )
Without With Significant factor?
Fats
Glucose-6- P 84.7 £ 9.429" 417 +1.98% AFE
. . Phosphate S 58.1 + 5.69¢ 48.8 £4.66¢ B**
Lipogenic ) R
Dehydrogenase B 153.1 £ 17.25° 44.2 +6.75
Enzyme ;
P 25.7 + 2,72 18.3 +1.75
Activities . ) .
Malic Enzyme S 148 = 0.78¢ 20.1 +2.83"
B 278 & 2.51° 12.3 +1.38¢
P 8.14%0.49%  10.00%0.91° s
Peroxisomal B-oxidation S 8.06% 0.6027 9.80%0.71%> g
B 6.881+0.79¢ 7.714 0.64"
1) Lipogenic enzyme activities are expressed as nmoles NADPH produced per minute per mg protein. Peroxi-
somal B-oxidation are expressed as nmoles NADH reduced per minute per mg protein.
2) Meant SE
3) Values with different superscipts among 6 groups were significantly different at 0=0.05 by Duncan’s

multiple range test

4) *p<0.1, **p<0.05, ”“”*p<0.0], NS : not significant, A © fat tvpe B I DHA-rich oil addidon
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