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ABSTRACT

Serum and liver lipid levels and fatty acid composition of liver phospholipids(PL) were
investigated in 36 rats which consumed either one of five different dietary fats or a high
carbohydrate diet for 4 weeks. As the sources of five dietary fats, concentrated eicosapentaenoic
acid(EPA), fish oil(FO), perilla o0il(PO), corn 0il(CO) and beef tallow(BT) were provided to the
rats. As a control group, corn starch(CS) replaced dietary fat. The FO group showed lower
serum total cholesterol(TC), high density lipoprotein cholesterol(HDL-C) and serum PL levels
than those of the CO group(p <0.05). There were no significant differences in serum TC and
serum HDL-C levels between the polyunsaturated fatty acid(PUFA) groups and the EPA, FO
and PO groups. The CS group showed the highest level of serum TC. Compared with the CS
group, both the EPA and CO groups showed significantly lower atherogenic indices(AI).
However, there were no significant differences in Al among different dietary fat groups. No
significant differences in liver triglyceride(TG), TC and PL levels were detected among the six
experimental groups. Phosphatidylcholine(PC) and phosphatidylethanolamine(PE) composed
30-40% and 15-20% of total liver PL, respectively. The fatty acid composition of liver PC
and PE reflected dictary fatty acid composition. Compared to the different dietary fat based
diets used in our study, the high carbohydrate diet had the most adverse effects on serum lipid
profiles. However, we can not conclude from this result that long chain n-3 PUFA diets such
as the EPA and FO based diets have more beneficial effects on serum lipid profiles than n-6
PUFA diet such as the CO based diet or shorter chain n-3 PUFA diets like the PO based diet.
(Korean J Nutrition 30(10) : 1140~1152, 1997)
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phospholipids(PL), and also affects atherosclerosis-re-
Introduction lated physiological functioning of the body by in-
fluencing the liver, serum lipids, lipoproteins levels

The composition of diets, coupled with fatty acid  and eicosanoids synthesis"®

Results of previous stu-
metabolism in the liver, effects changes in the fatty  dies which have demonstrated the effects of dietary
acid composition of serum and tissue membrane  fatty acids on the serum and liver lipid levels have

not always been consistent. Some studies have de-
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(PUFA) reduce serum lipid levels more effectively
than n-6 PUFA® However, others have shown that
the degree of unsaturation of PUFA is what affects
more potentially serum and liver lipid levels®. There
have also been previous studies which did not show
any significant effects of dietary PUFA on serum
lipid levels, and some studies have shown that PUFA
diets had adverse effects on serum lipid profiles®.
Phosphatidylcholine(PC) and phosphatidylethanola-
mine(PE) are known to be the major fractions of
membrane PL. It has been demonstrated that, in pla-
telets, the uptake and release of eicosanoid pre-
cursors are mainly via PC and PE fractions rather
than phosphatidylserine(PS) or phosphatidylinositol
(PI) fractions of plateler PL?. In this study, we in-
vestigated serum and liver lipid levels as well as the
fatty acid composition of liver PC and PE fractions
and the relationship among the variables in rats wh-
ich were fed one of five different fatty acid based
diets or a high carbohydrate diet. The relationships
among the variables affecting the lipid levels and fat-

ty acid composition were also investigated.
Materials and Methods

1. Animals and experimental diets

Thirty six male Sprague-Dawley rats at 3 weeks in
age that had an average weight of 45.3+2.3g were
used in this study after having been fed commercial
pellet diets for 3 days as a baseline period. Rats were
randomly assigned to the six groups and fed six dif-
ferent diets for the 4 weeks of the experimental
period. Diets were based on the AIN-76 diet(Nihon
Nosan Kogyo KK, Japan), and fat contents of the
experimental diets composed 10% of the diets(22%
of total energy). The five dietary fat sources were
concentrated eicosapentaenoic acid(EPA), fish oil
(FO), perilla oil(PO), corn oil(CO) and beef tallow
(BT). As a control group, dietary fat was replaced by
corn starch(CS). 2% of the control diet(4% of total
energy) was composed of corn oil. To prevent the
oxidation of dietary fats, all experimental dicts were
prepared every 3 days and stored under N, gas in a
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freezer at —207. The composition of the diets used
in this study are shown in Table 1.

2. Serum lipid analysis

Fasting blood samples were obtained through he-
art puncture from anesthetized rats after 4 weeks of
feeding on the experimental diets. Serum samples ob-
tained by centrifugation were stored at —70°C until
serum lipid analysis was performed. Serum triglycer-
ides(TG) were analyzed by an enzymatic assay using
the glycerol-3-P oxidase-p-chlorophenol color deve-
lopment method(Wako, Japan)®. Serum total chole-
sterol(TC) was analyzed by an enzymatic assay using
oxidase-p-chlorophenol(Wako, Japan)'®. Serum total
high density lipoprotein cholesterol(HDL-C) was det-
ermined with the same method used for serum TC
analysis after precipitating non-HDL lipoproteins wi-
th dextran sulfate(50000MW, 0.4mmol/l Sigma)
and magnesium(MgCl, - 6H,0). Serum total PL was
analyzed by the choline oxidase phenol method(Wa-
ko, Japan)'”. Atherogenic Index was calculated by the
following formula :

serum TC —serum HDL-C
serum HDL-C

Atherogenic Index =

3. Liver lipid analysis

After liver was removed from sacrificed rats, liver
samples were frozen with dry ice and ethanol and
stored at —70%C. Total liver lipids were extracted
from homogenized liver samples by the method of
Bligh and Dyer'? using chloroform-methanol(l : 2,
v/v) with 2M KCl and CHCI; in 1N HCI solution.
Liver total PL were analyzed by Bartlett's methods'"
using 10N H,SO, as the extraction solution, and the
absorbance was read at 830nm. Analysis of liver TG
was carried out by Flechter's methods'. Liver cho-
19

lesterol was analyzed by Zak's methods' using H

sPO; and FeCl; - 6H,0 as a coloring reagent.

4. Fatty acid composition of PC and PE of liver

From extracted lipids, PC and PE fractions of PL
were isolated by thin layer chromatography(TLC) us-
ing dual developing solvent systems. The first solvent

system used to isolate the PL fraction was composed
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of chloroform : acetone : methyl alcohol : acetic
acid : d-d water(100: 100 : 50 : 4 : 10, v/v), and the
second solvent for PC and PE isolation was com-
posed of chloroform : acetone : acetic acid : d-d wat-
er(180: 150 : 30 : 10, v/v). Esterification of fatty
acids of PC and PE in scraped silicic acid was carried
out using the method of Morrison'®. Gas chroma-
tography(HP 5890 II) with a capillary column(SP-
2340) and a flame-ionized detector were used to se-

parate and quantitate the fatty acid esters. Nitrogen

Table 1. Composition of the experimental diets

was the carrier gas and oven temperature was pro-

grammed to increase 3C/min from 150C to 230C.

5. Statistics

One way ANOVA was used to determine the sign-
ificance of the differences among the variables of the
six different experimental groups. Duncan’'s multiple
range test was applied for the multiple comparisons.
The level of significance was p <(0.05. Pearson corre-

lation coeflicients were used to determine the rela-

Diet groups"(g/100g)

Ingredients EPA FO PO co BT cs
Casein 20 20 20 20 20 20
Corn starch 10 10 10 10 10 18
CHO Sucrose 50 50 50 50 50 50
EPA(63%) 10
Fish oil 10
Fat Perilla oil 10
Corn oil 10 2
Beef tallow 10
DL-Methionine 0.3 0.3 0.3 0.3 0.3 0.3
Mineral-Mix. 3.5 3.5 3.5 3.5 3.5 3.5
Vitamin-Mix. 1.0 1.0 1.0 1.0 1.0 1.0
Fiber 5.0 5.0 5.0 5.0 5.0 5.0
Fatty acid
14:0 - 7.56 - - 2.26 -
16:0 - 18.86 5.95 11.35 2358 11.35
18:0 1.00 3.31 1.88 1.81 16.83 1.81
18:1 (n9) 1.71 10.60 16.88 25.81 39.00 2581
18 : 2 (n-6) - 1.58 11.84 57.39 8.07 57.39
18:3 (n-3) 1212 4.76 62.99 - - -
18 : 4 (n-3) - 2.93 - - - -
20: 4 (n-6) 7.60 4.91 - - - -
20:5 (n-3) 68.06 16.36 - - - -
2216 (n-3) 3.77 14.90 - -~ - -
SFA? 1.00 29.73 7.83 3.16 4264 13.16
MUFA? 1.71 10.60 16.88 25.80 39.00 25.80
PUFA? 91.55 43.86 74.83 57.39 8.07 57.39
Total n-6 PUFA 7.60 6.49 11.84 57.39 8.07 57.39
Total n-3 PUFA 83.95 38.95 62.99 - - -
P/S ratio® 91.55 1.48 9.56 4.36 0.19 4.36
n-3/n-6 ratic® 11.05 6.00 5.32 - - -

1) Listed abbraviations in diet groups :

EPA : EPA group, FO : Fish oil group, PO : Perilla oil group, CO : Corn oil group, BT : Beef tallow group,

CS : Corn starch group.
2) SFA : Saturated fatty acid
3) MUFA : Monounsaturated fatty acid
4) PUFA : Polyunsaturated fatty acid
5) P/S ratio : ratio of PUFA/SFA
6) n-3/n-6 ratio : ratio of n-3 PUFA/n-6 PUFA



tionships among serum and liver lipids and liver phos-
pholipid composition. Statistical analysis was done
with the SAS system(SAS Institute, Inc., Cary, NC).

Results

1. Animal body weight gain and food intakes

Body weight gain and food consumption of the
rats during the experimental period are shown in
Table 2. The lowest body weight gain and food ef-
ficiency ratio(FER), and the highest liver weight we-
re observed in the EPA group. Body weight gain
was the highest in the FO group. It is possible that
rats in the EPA group were essential fatty acid de-
ficient due to the lack of linoleic acid(LA, 18 : 2, n-6)

Table 2. Body weight gain, weight of liver, food cons-
umption and food efficiency ratio(FER) of rats

Food in-

Diet1 Weight Liver FER?
group” gain(g/day) @100g BW) ke

EPA 324027 4.1+0.1° 186+1.0 0.17+0.02°
FO 7.4403° 35+00° 219+14 034+0.02°
PO  6.3%05° 34+0.1° 208+08 0.30+0.07°
CO 67404 35+02° 206+1.2 033+0.03°
BT 59+04° 35+02° 211+1.2 028+004"
CS  64+00° 37401% 208+09 031+0.04°

1) Listed abbraviations in diet groups :
EPA : EPA group, FO : Fish oil group, PO : Perilla oil
group, CO : Corn oil group, BT : Beef tallow group,
CS : Corn starch group

2) FER(Food Efficiency Ratio)=Body weight gain(g/day)/
Food intake(g/day)

3) Mean+SE. Values in the same column with different
superscript letters are significantly different at p<{0.05
by Duncans multiple range test
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in the diet. We therefore recommend that adult an-
imals not in an actively growing state be used to in-
vestigate the effects of the diets on serum and liver
lipid metabolism.

2. Serum lipid levels

Serum lipid levels of the rats in the six diet groups
are shown in Table 3. Although the CS group show-
ed the highest serum TG levels while the EPA group
showed the lowest serum TG levels, the difference
was not significant. The serum TC level was sig-
nificantly high in the CS group and significantly low
in the FO group. In this study, the n-3 PUFA diet
groups(FO, EPA and PO groups) showed relatively
lower serum TC levels than the n-6 PUFA diet
group(CO group), but here a significant difference
in serum TC was found only between the FO and
CO group. Among the n-3 PUFA diet groups, the
FO group showed lower serum TC levels than those
of the EPA and the PO groups, but the result was
not significant. Serum HDL-C levels were signifi-
cantly low in the FO group and significantly high in
the CO group. Despite high serum TC levels, the
high HDL-C level of the CO group resulted in a
low atherogenic index. The atherogenic index was
thus significantly low in both the EPA and CO
groups compared with the CS group. There was no
significant difference in atherogenic indices among
the experimental fat based groups. Serum PL con-
centration was significantly low in the FO and EPA
groups, and significantly higher in the CS, BT and

Table 3. Serum concentrations of triglyceride, total cholesterol, HDL-cholesterol, phospholipids and atherogenic index

Diet aroun” G? TC HDL-C PL Al
group (mg/dl)

EPA 452+12.3 68.5+13.4™ 412+29% 11224 4.8 0.6+0.2°
"FO 56.8+ 7.7 553+ 4.4° 31.0+£4.0° 108.8+ 3.5° 0.8+0.2%
PO 58.4+10.6 73.1+ 6.6% 39.7+3.3% 1270+ 7.3* 1.0+03®
coO : 638+ 7.3 79.5+ 6.4% 46.6+3.8° 1589+11.2° 0.7+0.2°
BT 545+ 54 723+ 46® 38.6+4.2* 160.1+11.8° 1.0+0.3"
(] 84.1+25.0 969+ 7.7° 39.5+5.8% 160.7+23.9° 1.7404°

1) Listed abbraviations in diet groups :

EPA : EPA group, FO : Fish oil group, PO : Peilla oil group, CO : Cormn oil group, BT : Beef tallow group, CS : Comn

starch group
2) Listed abbraviations in variables :

TG : Triglycerides, TC : Total cholesterol, HDL-C : High density lipoprotein-cholesterol, PL : Phospholipids, Al : Ath-

erogenic Index

3) Mean=+SE. Values in the same column with different superscript letters are significantly different at p<{0.05 by Dun-

can’s multiple range test
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CO groups. The high serum PL concentrations in
the CS and CO groups seem to be related with high
serum TC and TG levels.

3. Liver lipid levels and fatty acid compositions
of liver PC and PE
Liver TG, TC and total PL levels as well as the dis-
tribution of PC and PE of the rat liver are shown in
Table 4. No significant differences in liver TG, TC
and PL levels among the groups were found. The
BT and CS groups showed insignificanty higher TG

levels than other groups. The EPA group showed in-
significantly higher TC and insignificantly lower TG
concentrations. Although significant differences in PC
and PE contents of the liver PL were not found
among the groups, the PE fraction was highest in
the EPA group and the PC fraction was the highest
in the BT group. PC and PE composed 30-40 %
and 15— 25 % of total rat liver PL, respectively.

Fatty acid compositions of liver PC and PE were
analyzed(Table 5, 6). Major fatty acids of which the

Table 4. Concentration of triglyceride, total cholesterol, total phospholipid and distribution of phosphatidylcholine and

phosphatidylethanolamine in rat liver phospholipid

. " 1G? TC Total PL Distribution(% total phospholipid)
Diet group -
(mg/g tissue) PC PE
EPA 1.75+1.47 2.8440.2 213424 33.2 24.6
FO 217403 2.26+0.2 20.3+2.1 38.2 17.0
PO 2.68+1.1 2.75+0.1 19.1+£15 35.5 15.8
cO 3.51£1.3 2.55+04 16.5+1.7 309 18.4
BT 6.40+2.8 2.37+£0.2 203+15 41.1 14.7
CS 551127 2.314+0.1 18.7+0.8 31.3 19.2

1) Listed abbraviations in diet groups :

EPA : EPA group, FO : Fish oil group, PO : Perilla oil group, CO : Corn oil group, BT : Beef tallow group, CS : Corn

starch group
2) Listed abbraviations in variables :

TG : Triglycerides, TC : Total cholesterol, PL : Phospholipids, PC : Phosphatidylcholine PE : Phosphatidylethanolam-

ne

Table 5. Fatty acid composition of rat liver phosphatidylcholine(raea %)

Fatty acid” EPA? FO PO CcO BT Cs
16:0 26.8 £0.9° 27.6 +2.2° 225 +18~ 23.0 0.7 210 +1.1¢ 261 +1.2%
18:0 22.0 +£0.2 24.3 +1.1 236 +1.7 248 +0.6 236 +1.2 232 +1.0
18 : 1(n-9) 8.6 +£0.4° 8.5 +0.6° 8.2 +0.3° 5.9 +0.1° 11.2 +£0.5° 9.5 +1.2%®°
18 : 2(n-6) 0.8 +0.1° 15 +0.1° 9.9 +0.3 5.8 +0.5° 3.6 +0.3% 3.1 +£0.7™
18 : 3(n-3) 1.6 £0.7 - 0.7 £0.0 ~ - -

18 : 4(n-3) 1.8 +£0.3° 2.8 £0.4™ 2.4 +£04™ 39 +1.2® 2.5 +0.3* 50 +£1.1°
20 : 4(n-6) 17.8 £1.0° 11.7 £1.9® 6.6 +0.8° 14.0 £3.8° 18.1 £1.9° 11.2 £3.5%
20 : 5(n-3) 3.4 +£03® 2.7 +0.5° 4.0 +0.6° - - -
Unknown 3.8 +1.5 7.5 +2.0 6.4 £20 124 +3.8 56 +0.8 11.0 £3.6
22 : 6(n-3) 6.6 +0.4° 6.3 +1.7° 6.0 +1.3° 1.7 £0.6° 46 +0.6° 1.2 +£0.5°
SFA 488 +1.0 51.9 +3.4 46.2 +35 47.8 +0.8 446 +2.2 49.3 +2.2
MUFA 8.7 £0.3° 7.4 +£1.1® 8.2 +0.3° 5.9 4+0.1° 11.2 £0.4° 9.5 +1.2%
PUFA 303 +1.4 249 +3.8 29.0 £20 25.3 +3.8 28.7 +2.7 204 +£3.5
Total n-6 18.54+1.05  13.20+2.01 16.47+1.09 19.80+4.30 1.63+2.20 14.241+4.14
Total n-3 11.76+0.34°  11.73+1.76" 12.38+1.38° 5.53+0.71° 7.07£0.51° 6.194+0.63"

1) Listed abbraviations in fatty acid :

SFA : Saturated fatty acid, MUFA : Monounsaturated fatty acid, PUFA : Polyunsaturated fatty acid, P/S ratio : ratio of

PUFA/SFA, n-3/n-6 ratio : ratio of n-3 PUFA/n-6 PUFA
2) Listed abbraviations in diet groups :

EPA : EPA group, FO : Fish oil group, PO : Perilla oil group, CO : Corn oil group, BT : Beef tallow group, CS : Cormn

starch group

3) Mean=+SE. Values in the same row with different superscript letters are significantly different at p<{0.05 by Duncan’s

multiple range test



liver PC and PE were comprised were 16: 0, 18: 0
and 20 : 4(n-6). Compositions of saturated fatty a-
cids(SFA), PUFA and monounsaturated fatty acids
(MU-FA) were 38-50%, 20— 31% and 4-11% of
corresponding liver PL fractions, respectively. Fatty
acid compositions of liver PC are shown in table 5.
The EPA, FO and PO groups showed significantly
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high contents of total n-3 PUFA and 22: 6(n-3).
The BT group showed significantly high content of
18 : 1(n-9) and total MUFA. Content of 18 : 2(n-6)
was significantly high in the PO group(which was fol-
lowed by the CO group in content), and was sig-
nificantly low in the EPA and FO groups. EPA(20 :

5(n-3)) was detected only in the n-3 FA supplement

Table 6. Fatty acid composition of rat liver phosphatidylethanolamine(area %)

Fatty acid” EPA” FO PO co BT CS
16:0 254 +76 210 £2.1° 18.0 +0.8% 15.8 +0.5° 13.5 £1.3° 16.1 +0.7°
18:0 27.3 £0.2° 28.7 £2.0® 316 +2.7° 28.6 +0.9° 242 +1.1° 28.3 +£0.7°
18 : 1(n-9) 40 +0.7° 7.5 £1.2° 46 +0.8° 43 +04° 45 +0.3° 48 +1.3°
18 : 2(n-6) 0.8 +0.0° 1.5 +0.3* 59 +1.1° 3.0 +05° 1.8 +04™ 29 +0.7°
18 : 3(n-3) 0.7 £0.1 - 0.8 +0.0 - - -

18 : 4(n-3) 33 +07 6.7 +1.2 41 +038 35 +£1.3 54 £1.1 54 £15
20 : 4(n-6) 11.2 +£0.6® 6.1 £2.0° 66 +1.1° 16.8 £1.7° 11.8 +24° 160 +1.7°
20 : 5(n-3) 3.8 £0.2° 2.3 +09™ 54 +1.2° 0.0 +0.0° 0.0 +0.0° 0.9 +£04“
unknown 134 +1.0" 141 +2.5% 104 +1.1° 12.7 +2.8* 19.4 +£2.2° 13.2 +£3.7®
SFA 52.8 +7.5° 500 +2.3° 496 +2.6° 444 +0.6% 37.7+2.3° 444 £1.0°
MUFA 40 +0.7° 75 +1.2° 46 +0.8° 43 +04° 45 +0.3° 48 +1.3°
PUFA 31.0 +0.9 231 +6.7 29.1 +43 275 +3.0 246 +33 283 +1.8
total n-6 120 £057*  7.6042.16°  12.48+1.91™ 19.79+2.05"  1358+2.74™ 18.90+4.14*

1) Listed abbraviations in fatty acid :

SFA : Saturated fatty acid, MUFA : Monounsaturated fatty acid, PUFA : Polyunsaturated fatty acid, P/S ratio : ratio of

PUFA/SFA, n-3/n-6 ratio : ratio of n-3 PUFA/n-6 PUFA
2) Listed abbraviations in diet groups :

EPA : EPA group, FO : Fish oil group, PO : Perilla oil group, CO : Corn oil group, BT : Beef tallow group, CS : Corn

starch group

3) Mean+SE. Values in the same row with different superscript letters are significantly different at p<{0.05 by Duncan’s

multiple range test
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Fig. 1. Fatty acid ratios of rat liver phosphatidylcholine. Abbreviations for the diet groups : E : EPA group, F : Fish oil
group, P : Perilla group, C : Corn oil group, B : Beef tallow group, CS : Corn starch group.
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diet groups. However, 22 : 6(n-3) was detected in all
diet groups even though the CO and CS groups
showed significantly low contents of this fatty acid
compared with other groups. In the PO group, sig-
nificantly high ratios of 18 : 2(n-6)/20 : 4n-6), 20 :

5(n-3)/20 : 4n-6) and(20: 54+22:6)/20: 4 were
found(Fig. 1). A significantly low ratio of 18 : 2(n-6)/
20: 4(n-6) was found in the EPA group, and sig-
nificantly low ratios off20: 5+22: 6)/20: 4 were
found in the CO and CS groups(Fig. 1). Fatty acid
compositions of liver PE are listed in Table 6. The
EPA and the FO groups showed high levels of total
n-3, n-3/n-6, SFA and 22 : &(n-3), and low levels of
total n-6 PUFA. The PO group showed significantly
high content of 18: 2(n-6) and 20: 5(n-3). Sig-
nificantly high levels of 20: 4(n-6) and total n-6
* PUFA, significantly low levels of 16 0, 20 : 5(n-3),
22: 6(n-3), and total n-3 PUFA, and significantly
low n-3/n-6 ratios were found in the CO and CS
groups. Significantly high ratios of 18 : 2(n-6)/20 :

4(n-6) and 20 : 5(n-3)/20 : _4(n—6) were found in the
PO group, and a significantly high ratio of(20 : 5+
22:6)/20: 4 was found in the FO group(Fig. 2).
In the CO, CS and BT groups, the ratios of 20 : 5(n-
3)/20: 4n-6) and(20:5+22:6)/20: 4 were sig-
nificantly low(Fig. 2). Contrary to our expectation,

significantly low levels of SFA including 16 : 0 and
18 : 0 were found in liver PC and PE of the BT
group(Table 6).

4. Correlations among the serum and liver li-

pids and liver phospholipid composition

Correlations among serum and liver lipids are list-
ed in Table 7. Serum TG and serum PL were po-
sitively correlated. Serum TC was positively correlat-
ed with serum HDL-C and serum PL. Serum HDL-
C was positively correlated with serum PL and liver
TC.

Correlations between serum and liver lipids and fat-
ty acids of PC and PE are listed in Table 8. Serum
TC was negatively correlated with 20 : 5(n-3), 22 :
6(n-3) and total n-3 PUFA of PC. Serum TC also
showed negative relationships with n-3/n-6 ratio,
22:6(n-3) and(20:5+22:6)/20:4 of PE.
However, 18 : 4(n-3) of PE was positively correlated,
and 16: 0 of PE was negatively correlated with
serum TC. Serum HDL-C and MUFA of PE were
negatively correlated. Furthermore, serum PL was ne-
gatively correlated with various n-3 PUFAs, n-3/n-6
and MUFA of PE, and was positively correlated with
18 : 4n-3) of PE. In this study, serum lipids showed

more significant correlations with fatty acids of PE
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P/S N3/N6 18:2/20: 4 20:5/20: 4 [20:5422:6}/20: 4
Fig. 2. Fatty acid ratios of rat liver phosphatidylethanolamine. Abbreviations for the diet groups ; E : EPA group, F :

Fish oil group, P : Perilla group, C : Com oil group, B : Beef tallow group, CS : Comn starch group.



than those of PC. Liver TG showed a positive re-
lationship with MUFA of PC, and a negative re-
lationship with SFA of PE. Liver PL was positively
correlated with MUFA, 22: 6(n-3) and total n-3
PUFA of PC.

Significant correlations between fatty acids of liver
PC and those of liver PE are listed in Table 9. The
same series of PUFAs in PC and those in PE show-
ed positive correlations with each other. That is, n-3
PUFAs of PC were positively correlated with n-3
PUFAs of PE and negadvely correlated with n-6

Table 8. Correlations between serum and liver lipids, and

fatty acids of phosphatidylcholine and phosph-
atidylethanolamine

2)

Factors” r
Serum TC X PC 20 : 5(n-3) -0.4246*
PC 22 : 6(n-3) -0.3718*
PC total n-3 PUFA -0.4379*
PE16:0 -0.3734*
PE 18 : 4(n-3) 0.3860*
PE 22 : 6(n-3) -0.4242*
PE n-3/n-6 ratio -0.3785*
PE(20 : 5422 : 6)/20 : 4 —0.4443*
Serum HDL-C x PE MUFA -0.4013*
Serum PL x PC total n-3 PUFA —-0.4148*
PE MUFA -0.4209*
PE 18 : 4(n-3) 0.5369**
PE 20 : 5(n-3) —0.4703**
PE 22 : 6(n-3) —-0.4996**
PE n-3/n-6 ratio -0.3866*
PE(20 : 5422 : 6)/20 : 4 —0.5205**
PE 20 :5/20: 4 -0.3945*
PE PUFA - 0.4209*
Liver TG x PC MUFA 0.4009*
PE SFA -0.3731*
Liver PL x PC MUFA 0.3801*
PC 22 : 6(n-3) 0.4239*
PC total n-3 PUFA 0.3741*
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Table 9. Correlations between fatty acids of liver phos-
phatidylcholine and phosphatidylethanolamine

2)

1) Listed abbraviations in Factors :
TC : Total cholesterol,
HDL-C : High density lipoprotein-cholesterol,
PL : Phospholipids, TG : Triglycerides,
PC : Phosphatidylcholine,
PE : Phosphatidylethanolamine,
SFA : Saturated fatty acid,
MUFA : Monounsaturated fatty acid
PUFA : Polyunsaturated fatty acid
n-3/n-6 ratio : ratio of n-3 PUFA/n-6 PUFA
2) Pearson correlation coefficients
*p<0.05 **<0.01

Factors” r

PC X PE PUFA ~0.4810**
PE P/S ratio ~0.5549**

PC18:0 X PE total n-3 PUFA ~0.5038**
PC18:2 X PE 20 : 5/20 : 4 ratio 0.5083**
PC20:5 X PE 20 : 4(n-6) ~0.6322%**
PE 22 : 6(n-3) 0.6302***

PE n-3/n-6 ratio 0.6528***

PE(20 : 5+22:6)20 : 4  0.8042%**

PE total n-6 PUFA -0.5381**

PE total n-3 PUFA 0.7437%%*

PC22:6 X PE 20 : 4(n-6) - 0.5000**
PE n-3/n-6 ratio 0.5285**

PE(20 : 5422 :6)/20: 4  0.5700**

PE total n-6 PUFA ~0.5299**

PE total n-3 PUFA 0.5589**

PE 20 : 5/20 : 4 ratio 0.5263**

PC18:2/20:4 X PE18: 2(n-6) 0.6633***
PC(20 : 5+ X PE 20 : 5(n-3) 0.5945%**
22:6Y20:4 PE18:2/20 : 4 ratio 0.7216***
ratio PE total n-6 PUFA ~0.5475%*

PE 20 : 5/20 : 4 ratio 0.8192%**

PC n-3 X PE 20 : 4(n-6) —0.6637***
PE 20 : 5(n-3) 0.6273%**

PE 22 : 6(n-3) 0.5514**

PE n-3/n-6 ratio 0.6140%**

PEQ20 : 5+22 :6)/20 : 4  0.6912%*

PE total n-6 PUFA ~0.6317%**

PE 20 : 5/20 : 4 ratio 0.7096%**

PC20:5/20:4 X PE18: 2(n-6) 0.4941**
PE 20 : 4(n-6) —0.7032%**

PE 20 : 5(n-3) 0.8289***

PE n-3/n-6 ratio 0.5074**

PE 18 : 2/20 : 4 ratio 0.7775%*

PEQ20 : 5-+22:6)/20 : 4  (0.7225***

PE total n-6 PUFA -0.4808**

PE total n-3 PUFA 0.5193**

PC SFA X PE PUFA —-0.5369**
PE P/S ratio —0.4958**

1) Listed abbraviations in Factors :

PC : Phosphatidylcholine,

PE : Phosphatidylethanolamine,

SFA : Saturated fatty acid,

MUFA : Monounsaturated fatty acid,

PUFA : Polyunsaturated fatty acid,

P/S ratio : ratio of PUFA/SFA

n-3/n-6 ratio : ratio of n-3 PUFA/n-6 PUFA
2) Pearson's correlation coefficients
#p<L0.01  **p<0.001
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PUFAs of PE. However, 18 : 2(n-6) of PC was po-
sitively correlated with 20 : 5(n-3)/20 : 4n-6) of PE.
Also, 18: 2(n-6)/20 : 4n-6) and 18: 2(n-6) of PE
showed positive correlations with 20 : 5(n-3)/20 :
4(n-6) and(20: 5+22: 6)/20: 4 of PC. This result
seems to be due to competitive effects among the fat-
ty acids.

Discussion

Many studies have reported the effects of dietary
fatty acids on the serum and liver lipid levels in both
humans and animals®'”. However, the results of
these studies have not always been consistent in ma-
ny respects. Numerous studies have shown the bene-
ficial effects of n-3 PUFA diets(especially n-3 highly
unsaturated fatty acid(HUFA) diets) on serum lipid
profiles*™®'"”, However, a study conducted by Leaf
et al.% failed to show any significant effects of dietary
n-3 fatty acids on serum lipid levels; it was reported
that n-3 PUFA diets did not significantly change the
levels of serum TC and HDL-C. There was even a
study which showed that n-3 PUFA diets have ad-
verse effects on serum lipid levels”. Nelson et al.” de-
monstrated elevated levels of LDL-C in rabbits after
feeding them fish oil. As plant n-3 PUFA sources,
previous researches have primarily used canola or
linseed oil whose a-LNA contents are approximately
10% and 50% of total dietary fatty acids, respectively.
In this study, perilla oil, a commonly used cooking
oil in Korea, was used as a source for a-LNA. Perilla
oil contains as much as 60 % o-LNA in its total fatty
acids composition. The EPA and FO were used as n-
3 HUFA sources in this study. We need to point
out that the five dietary fat based diets of this study
provided 22% of the total energy as fat, and thus
were regarded as moderate rather than high fat diets.

Even though there was no significant difference in
serum lipid levels, the highest serum TG level was
observed in the CS group(Table 3). Phillipson and
coworker'® have noted that the elevated blood glu-
cose levels due to a high carbohydrate diet causes

the secretion of insulin, which subsequently stimu-

lates TG synthesis and VLDL secretion in the liver.
The significantly high atherogenic index shown in
the CS group was due to the significantly high se-
rum TC levels of the CS group. In a previous study,
rats being fed high carbohydrate diets demonstrated
significantly low plasma lecithin : cholesterol acyltra-
nsferase(LCAT) activity”. A decrease in the activity
of plasma LCAT led to decreased HDL-C levels as
well as increased VLDL-C and LDL-C levels'.
Considering the results of previous studies, the ch-
olesterol lowering effects of PUFA have been and
still are controversial. While some®® have reported
that n-3 PUFA has higher cholesterol lowering ef-
fects than n-6 PUFA, others® have demonstrated
that, regardless of the position of double bonds, the
more highly unsaturated fat decreases serum cho-
lesterol levels more effectively. When Harris et al.”
and Kestin et al.” compared the hypolipidemic ef-
fects of n-6 and n-3 PUFA, they demonstrated that
the n-3 fatty acids has more serum TC and TG-low-
ering effects on a gram-for-gram basis. However, in
a study performed by Ide and coworkers®, the effect
of dietary fats having various degrees of unsaturation
on HMG-CoA reductase activity and on cholestero-
genesis in rats were investigated. It was reported that
HMG-CoA reductase activity rises with the chain
length of fatty acids but declines with the degree of
unsaturation. Other studies have shown no signifi-
cant effects of various n-3 PUFA diets including seed
oil and fish oil on serum cholesterol levels®. In this
study, no significant difference in serum TC levels
between the EPA, PO and FO groups were observ-
ed, and the only significant difference in serum TC
of n-3 versus n-6 PUFA groups was between the FO
and CO group. Therefore we can not conclude that
n-3 PUFA is more potent than n-6 PUFA, or that
long chain PUFA is more potent than shorter chain
n-3 PUFA in lowering serum cholesterol levels. The
significantly lower serum TC level of the BT group
as compared to the CS groups of this study(Table 3)
implies that all SFA do not have cholesterol clevat-
ing effects as suggested by Hayes et al.’”. Hayes and
coworkers” reported that 14: 0 has a cholesterol



raising effect by means of decreasing LDL receptor
activity and increasing the direct production of LDL.
However, the 16: 0, 18:0, 18: 1, 18: 2 and 18:
3 were shown to exert an equal impact on the cir-
culating cholesterol concentration in normal animals.
This study showed significantly low levels of serum
HDL-C in the FO diet group and significantly high
serum HDL-C levels in the CO group(Table 3). In
previous studies, inconsistent serum HDL-C levels in
different types of FA supplements were observed®®””.
These inconsistencies scem to be related to. the ab-
solute amount of dietary PUFA and duration of di-
etary treatment. As a possible mechanism explaining
the decreased serum HDL-C levels in'n-3 PUFA sup-
Parks™

serum TC levels in n-3 diets rg:suit in decreased syn-

plements, demonstrated that decreased
thesis of nascent HDL and apgprotein A-1. In other
study, however, fish oil diet was reported to increase
the number of HDL receptors and turnover rate of
HDL despite low levels of HDL-C?. Even though
this study did not show which subset of HDL con-
tributed to the decreased level of total HDL-C in
the FO group, our previous study demonstrated that
the low total serum HDL-C level of the FO group
was mainly due to the decreased concentration of
HDL,-C*. In this study, the significantly high se-
rum TC levels of the CO group appeared to be re-
lated to high serum HDL-C levels(Table 3, Table 7).
As a result, both the EPA and CO groups showed
significantly low atherogenic indices as compared to
the CS group. This low atherogenic index of the
CO group indicates that, despite high serum TC lev-
els, the CO diet was not atherogenic.

Even though this study did not show any sig-
nificant differences among groups, liver TG levels as
well as serum TG levels were low in the EPA and
FO groups(Table 4). A previous study”® suggested
that the low serum TG concentrations in EPA and
FO groups are due to the decreased activities of liver
lipogenic enzymes. It is therefore suggested that the
low serum TG levels in the EPA and FO groups in
this study are related to the inhibition of hepatic fat-
ty acid synthesis.
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As repeatedly observed in a previous study®®,
dietary fatty acids affected the fatty acid composition
of liver PL fractions in this study(Table 5, 6). The fat-
ty acid composition of liver PC and PE fractions in
this study illustrated that, besides direct incorpora-
tion of dietary fatty acids into body lipids, there
must be a considerable amount of biosynthesis and
catabolism of the fatty acids. In the PO diet sig-
nificantly low content of 20 : 4n-6), and higher con-
tent of 18 : 2(n-6) and 20 : 5(n-3) were detected in
the liver PC and PE of the rats. It is likely that this
result was due to the suppressed biosynthesis of 20 :
4(n-6) from 18: 2(n-6). The same enzymes are in-
volved and compete in the biosynthesis of 20 : 4(n-6)
and 20:5n-3) from 18:2(n-6) and 18: 3(n-3),
respectively, and the relative rate of enzymatic elon-
gation and desaturation of C18 fatty acid series has
been reported in the order n-3>n-6>n-97. In this
study, EPA, DHA and total n-3 fatty acids were
found more in the liver PE than in the liver PC
(Table 5, 6). This result agrees with Gibson et al's®™®
finding that, in an EPA supplement diet, EPA was in-
corporated more to the erythrocyte PE than the oth-
er erythrocyte PL subfractions.

Although the P/S ratios of the diets were quite dif-
ferent from one another, ranging from 0.19 to 91.55,
the P/S ratios of the fatty acids in liver PC and PE
were not significantly different among the six diet
groups. It was reported that fatty acids in the PC or
PE fraction showed positional specificity with pre-
ferential location of SFA and MUFA at the 1-po-
sition and PUFA at the 2-position of the glycerol
moiety”. Thus, feeding rats with fish oil primarily af-
fected the fatty acid composition on the 2-position
of the PC and PE fractions of total heart PL™, As-
torg and coworker® also reported that the P/S ra-
tios of heart and liver PL of rats were not influenced
by dietary n-3 and n-6 fatty acid composition. While
EPA was detected only in the n-3 FA groups, DHA
was detected in all the dietary groups, and the am-
ount of DHA in the liver PC and PE was sig-
nificantly high in the n-3 diet groups. This result sup-
ports a previous report’® which demonstrated that
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DHA functions as a reservoir of EPA, and that DHA
is synthesized from EPA in animals and humans.

Various lipoproteins transport TG, cholesterol and
HDL-C in blood, and PL is known as a major com-
ponent of lipoprotein membrane. Accordingly, se-
rum PL was positively correlated with serum TG,
TC and HDL-C levels in this study(Table 7). There
was also a positive correlation between serum TC
and HDL-C. Among cholesterol transport lipipro-
teins, HDL transfers cholesterol from body cells
mostly to other lipoproteins for disposal. Therefore,
simultaneous measurements of both serum TC and
HDL-C levels allow for a more reliable prediction
for the process of atherogenesis than a singlé meas-
urement does. Malaspina et al.*” have reported that
the ratio of serum TC to HDL-C is more signif-
icantly related to the severity of coronary artery di-
sease than just HDL-C or TC. The positive corre-
lation between serum HDL-C and liver TC(Table 7)
implies the possibility that high liver cholesterol up-
take occurs due to high concentrations of serum
HDL-C.

In this study serum TC showed to be negatively
correlated with n-3 HUFAs in liver PC and in liver
PE(Table 8). No significant correlation between se-
rum lipids and n-6 PUFA of liver PL was observed.
Considering our result, increased concentrations of
n-3 HUFA in liver PL seem to have greater serum
TC and PL lowering effects as compared to n-6
PUFA. Although we did not investigate the effects
of dietary fatty acids on VLDL or LDL levels, ob-
servations of negative correlations between n-3 HU-
FA and serum TC or PL levels suggest that these fat-
ty acids may play a role in inhibiting VLDL and
LDL production. A previous study done by Oh et al.
%% showed significantly negative correlations between
n-3 HUFA and both serum TC and LDL-C levels.
Furthermore, serum lipids were more correlated with
n-3 HUFA of liver PE than those of liver PC. As dis-
cussed earlier, highly unsaturated n-3 PUFA are
known to be incorporated more to PE than PC*,

The correlations between fatty acids of liver PC
and PE(Table 9) found in our study support a pre-

% who de-

vious result reported by Mantzioris et al.
monstrated the differences between the incorpora-
tion of -LNA and LA to their 20-carbon fatty acids.
It was reported that the conversion and subsequent
incorporation of the o-LNA metabolites was several-
fold higher than that of LA in various tissue fractions.
In addition, more significant positive correlations
between n-3 PUFAs of PC and those of PE were ob-
served than the correlations found between n-6 PU-
FAs of PC and PE(Table 9). Our observation sup-
ports the study by Leaf et al.*; which reported that
significant correlations exist only between n-3 PU-
FAs in plasma lipid classes and their corresponding
adipose tissue concentrations, and not for the fatty a-
cids of the n-6 series.

In conclusion, the high carbohydrate diet had the
most adverse effects on serum lipid profiles. Even
though the FO diet showed TC lowering effects as
compared to the CO diet, the FO diet showed sig-
nificantly low HDL-C levels, too. Also, there were
no significant differences in serum lipid levels bet-
ween the EPA, FO and PO groups. Both the EPA
and CO groups showed significantly low atherogenic
indices compared with the CS group. Therefore we
can not conclude that long chain n-3 PUFA diets
have more beneficial effects on serum lipid profiles
(including serum TG, TC and HDL-C) than do n-6
PUFA diets or shorter chain n-3 PUFA diets. Con-
sidering the correlation between serum lipids and fat-
ty acid composition of liver PL, then, increased con-
centrations of highly unsaturated n-3 PUFA in liver
PL seem to be related to serum TC and PL low-

ering effects.
Literature cited

1) Putnam JC, Carlson SE, De Voe PW, Barness LA. The ef-
fects of variations in dietary fatty acid in the fatty acid
composition of erythrocyte phosphatidylcholine and pho-
sphatidylethanolamine in human infants. Am J Clin Nutr
36 : 106-114, 1982

2) Simopoulus AP. N-3 fatty acids in growth and develop-
ment and in health and disease : Part 1 : The role of n-3
fatty acids in growth and development. Nutr Today 23 :



10-19, 1988
3) Harris WS, Connor WE, McMurry MP. The comparative
reductions of the plasma lipids and lipoproteins by di-
etary polyunsaturated fats : Salmon oil versus vegetable
oils. Metabolism 32 : 179-184, 1983
4) Nestel PJ. Effects of n-3 fatty acids on lipid metabolism.
Annu Rev Nutr 10 © 149-167, 1990
5) Ide T, Tanaka T, Sugano M. Regulation by dietaty fats of
3-hydroxy-3-methyl glutaryl CoA reductase in rat liver. J
Nutr 109 : 601-612, 1978
6) Leaf A, Weber PC. Cardiovascular effects of n-3 fatty
acids. N Engl J Med 318 : 549-557, 1988
7) Nelson G]J, Kelley DS, Schmidt PC, Serrato CM, Lindgr-
en FT. Effect of menhaden oil and various seed oils on
serum lipids and lipoproteins in rabbits. Nutr Res 9 : 531-
544, 1989
8) Holmson H. Uptake and release of eicosanoid precursors
from phospholipids and other pools : platelets. In Brenn-
er RR ed. CRC Handbook of Eicosanoids : Prostagland-
ins and related lipids, Vol 1 : part A, pp.119-131, 1986
9) Bucolo G. David H. Quantitative determination of serum
triglycerides by use of enzymes. Clin Chem 19 : 474-482,
1973
10) Allain CC, Poon LS, Clan CSG, Richmond W. Enzymatic
determination of total cholesterol. Clin Chim Acta 20 : 4070-
4075, 1974
11) Takayama M, Itoh S, Nagasaki T, Tanimizu L. A new en-
zymatic method for determination of serum choline-con-
taining phospholipids. Clin Chem Acta 79 : 93-98, 1977
12) Bligh EG, Dyer WJ. The determination of fat extract pro-
cess. Can J Biochem Physiol 37 . 911-917, 1959
13) Bartletts, GR. Phosphorus Assay in column chromatogra-
phy. J Biol Chem 234 : 466-468, 1959
14) Fletcher MJ. A colorimetric method for estimating serum
triglycerides. Clin Chim Acta 22 : 393-397, 1968
15) Alexander RR, Griffiths JM, Wilkinson ML. Determinat-
ion of cholesterol in the lipid fraction. In Basic biochem-
ical methods, pp.115-116 Willey-Interscience Public, New
York, 1985
16) Morrison WR, Smith LM, Preparation of fatty acid me-
thylesters and dimethylacetals from lipid with boron flu-
oride methanol. J Lipid Res 5 : 600-608, 1964
17) Kestin M, Clifton P, Bellin GB, Nestel PJ. N-3 fatty acids
of marine origin lower systolic blood pressure and trigl-
ycerides but raise LDL-cholesterol compared with n-3 and
n-6 fatty acids from plants. Am J Clin Nutr 51 : 1028-1034,
1990
81) Phillipson BE, Rothrock PW, Conner WE, Harris WS, II-

Korean J Nutrition 30(10) : 1140~1152, 1997 /1151

lingworth DR. Reduction of plasma lipids, lipoproteins
and apoproteins by dietary fish oils in patients with hy-
pertriglyceridemia. N Engl J Med 312 : 1210-1216, 1985

19) Lee JJ, Han IK, Choi Y], Kang JS, Chang YS. Effects of
dietary lipid sources and levels on Lecithin : Cholesterol
Acyltransferase activity and cholesterol metabolism in ra-
ts. Kor J Nutr 26 : 131-144, 1993

20) Hayes KC, Khosla P, Pronczuk A, Lindsey S. Dietary fat-
ty acids and blood cholesterol. Kor J Nutr 24 : 378-392,
1991

21) Sanders TAB, Hochland MC. A comparison of the influ-
ence of plasma lipids and platelet function of supplem-
ents of ©-3 and -6 polyunsaturated fatty acids. Br J Nutr
50 : 521-529, 1983

22) Parks JS, Thmm TY. Decreased binding of apo A-1 to ph-
osphatidylcholine monolayers containing 22 : 6(w3) in the
Sn-2 position. .J Lipid Res 34 : 779-788, 1993

23) Nestel P, Topping D, Marsh J. Effects of polyenoic fatty
acids(n-3) on lipids and lipoprotein metabolism. In Lan-
ds WEM ed. Polyunsaturated fatty acids and eicosanoids
champaign, III, pp.94-102 American Oil Chemists’ Socie-
ty, 1987

24) Chung Y], Park ]S, Park HJ, Chang YK. Effects of dietary

eicosapentaenoic acid on serum and liver lipids patterns

of male rat. Kor J Nutr 27 : 537-551, 1994

Iritani N, Fukuda E, Inoguchi K, Tsubosaka M, Tashiro s.

Reduction of lipogenic enzymes by shellfish triglycerides

in rat liver. J Nutr 110 : 1664-1670, 1980

Schrijver RD, Vermeulen D, Viaene E. Lipid metabolism

25

i

26

=

responses in rats fed beef tallow, native or randomized
fish oil and native or randomized peanut oil. J Nutr 121 :
948-955, 1991

27) Siguel EN, Maclure M. Relative activity of unsaturated fa-
tty acid metabolic pathways in humans. Metabolism 36 :
664-669, 1987

28) Gibson RA, Neumann MA, Burnard SL, Rinald JA, Pat-
ten GS, McMurchie EJ. The effect of dietary supplement-
ation with eicosapentaenoic acid on the phospholipid and
fatty acid composition of erythrocyte of marmoset. Lipids
27 : 169-176, 1992

29) Stubbs CD, Smith AD. The modification of mammalian
polyunsaturated fatty acid composition in relation to me-
mbrane fluidity and function. Biochim Biophy Acta 779 :
89-137, 1984

30) Astrong PO, Chevalier J. Phospholipid fatty acid compo-
sition and respiratory properties of heart and liver mi-
tochondria from rats fed with or deprived of linolenic
acid. Nutr Res 11 : 71-77, 1991



1152 / Effects of Diets on Serum and Liver Lipid Levels

31) Malaspina JP, Bussiere H, LE Calve G. The total choles-
terol/HDL cholesterol ratio : A suitable Ayherogenesis In-
dex. Atherosclerosis 40 : 373-375, 1981

32) Oh EJ, Kwon JS, Chang YK. Effects of dietary fatty acids
on serum lipids and fatty acid composition of serum ph-
ospholipids in men. Korean J Nutr 30 : 415-424, 1997

33) Mantzioris E, James M]J, Gibson RA, Cleland LG. Diffe-

O

rences exist in the relationships between dietary linoleic
and e-linolenic acids and their respective long-chain me-
tabolites. Am J Clin Nutr 61 : 320-324, 1995

34) Leaf DA, Connor WE, Barstad L, Sexton G. Incorporat-
ion of dietary n-3 fatty acids into the fatty acids of hu-
man adipose tissue and plasma lipid classes. Am J Clin
Nutr 62 : 68-73, 1995



