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Effects of fish oil on lipid metabolism of fat cells

Shouzoh Ueki
Second Department of Medical Biochemistry, School of Medicine, Ehime University

Summary

Dietary fish oils, enriched with n-3 fatty acids [e.g., docosahexaenoic acid (DHA) and eico-
sapentaenoic acid (EPA)] are known to inhibit lipogenesis and have a marked hypotriglyceridemic
effect on humans and experimental animals. In order to elucidate the effects of dietary fish oil with
high DHA and EPA contents on lipid metabolism of fat cells, thirty-six 5-week-old Wistar-King
male rats were fed 25% (w/w) fat and divided into three experimental diet groups (n = 6): fish oil
diet group, high n-3 polyunsaturated fatty acid diet feeding rats; corn oil diet group, high n-6
polyunsaturated fatty acid diet feeding rats; beef tallow diet group, high n-9 unsaturated fatty acid
diet feeding rats. After feeding for 4 weeks, the author examined plasma triglyceride, NEFA, phos-
pholipid, total cholesterol, HDL-cholesterol concentration, fat pad mass, fat cell size,
norepinephrine-induced lipolysis in fat cells (fat cells derived from the epididymal adipose tissue)
and norepinephrine-induced lipolysis in a cell-free system. In addition, diglyceride acyltransferase
(DA) activity of fat cells and liver, and 3-hydroxyacyl-CoA dehydrogenase (3-HAD) activity of
soleus muscles and liver were measured. It was found that plasma lipid content and epididymal
fat pad mass of fish oil diet group were significantly (p < 0.05) reduced compared with those of the
other two groups. Norepinephrine-induced lipolysis of fat cells was significantly (p < 0.05) lower in
fish oil fed rats than in corn oil and/or beef tallow fed rats. No difference was found in the
hormone-sensitive lipase (HSL) content of fat cells from fish oil, corn oil and beef tallow fed rats.
Then, experiments were designed to elucidate the role of endogenous lipid droplets of fat cells in
the norepinephrine-induced lipolysis. Norepinephrine-induced lipolysis in a cell-free system consist-
ing of epididymal adipose tissue HSL and lipid droplets from fish oil fed rats was significantly (p
< 0.05) lower than that in the system consisting of the same HSL and lipid droplets from corn oil
and/or beef tallow fed rats. These results suggest that lipid droplets play an important role as a
limiting factor on norepinephrine-induced lipolysis. DA activity of fat cells and liver from fish oil
fed rats was also significantly (p < 0.05) reduced compared with that of fat cells and liver from
corn oil and/or beef tallow fed rats. The ratio of DA activity to lipolysis in fat cells from fish oil
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fed rats was significantly (p < 0.05) reduced compared with that in fat cells from corn oil and/or
beef tallow fed rats. 3-HAD activity of liver from fish oil fed rats was significantly (p < 0.05) in-
creased compared with that of liver from corn oil fed rats, but not from that of beef tallow fed
rats. The ratio of DA activity to 3-HAD activity in liver from fish oil fed rats was significantly (p
< 0.05) reduced compared with that in liver from corn oil fed rats, but not from that of beef tallow
fed rats. Thus in fish oil fed rats, the reduction in the ratio of lipogenesis to /3-oxidation in liver
may cause the reduction in plasma triglyceride and cholesterol concentration, and the reduction in
the ratio of lipogenesis to lipolysis in fat cells may explain in part the selective reduction in adi-

pose tissue trophic growth accompanying fish oil consumption.
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Table 1 Composition of experimental diets (g/kg)

Experimental diets

Ingredient Fishoil Cornoil Beef tallow
Casein 250 250 250
Cornstarch 294 294 294
Crystalline sucrose 146 146 146
Fish oil*1 250 - -
Corn oil - 250 -
Beef tallow - — 250
Mineral mixture*2 40 40 40
Vitamine mixture*3 9.5 9.5 9.5
Cellulose powder 10 10 10
Chocola A*4 0.5 0.5 0.5

*1 Orbital fats and oils of tuna.

*2  Oriental Yeast Industry Co., LtDd.
Mineral mixture (100 g) contained CaHPO.-2H:0,
0.43 g; KH-PO,, 34.31 g; NaCl, 25.06 g; Fe-citrate,
0.623 g; MgS0:-7H:0, 9.98 g ZuCL, 0.02 g
MnSO.-4-5H:0, 0.121 g; CuSO0:-5H:0, 0.156 g; KI,
0.0005 £ CaCO:, 29.29 £ (NH4)6M07024'4H20,
0.0025 g.

*3 Oriental Yeast Industry Co., Ltd.
Vitamine mixture (100 g) contained vitamine A-
acetate, 46,600 L.U.; vitamin Ds, 23,300 LU.; vita-
min E-acetate, 1,200 mg, vitamin Ks, 6 mg; vita-
min B-HCl, 59 mg; vitamin B:, 59 mg; vitamin Be-
HCI, 29 mg; vitamin Be, 0.2 mg;vitamin C, 588
mg; D-biotin, 1 mg; folic acid, 2 mg; Ca-pan-
tothenate, 235 mg; nicotinic acid, 294 mg; inositol,
1,176 mg; lactose, 96 mg.

*4 Eisai Co., Ltd., One ml contained 30,000 L.U. of
vitamin A and 0.075 mg of vitamin D.
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Table 2 Major fatty acid compositions of dietary oil
and fat that were contained in the ex-
perimental diet.

(%)
Fatty acid Fishoil Cornoil Beef tallow
Palmitic acid (16:0) 17.9 11.4 23.1
Stearic acid (18:0) 3.8 2.6 15.2
Oleic acid (18:1 n-9) 17.5  38.9 45.5
Linoleic acid (18:2 n-6) 3.7 44.6 3.0
Arachidonic acid (20:4 n-6) 1.9 - -
EPA (20:5 n-3) 7.7 - -
DHA (22:6 n-3) 26.1 - -
Others 21.4 2.5 13.2
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Fig.1 Changes in rat body weight and the diet intakes of each diet group during the ex-
perimental period. Each point represents the mean = SEM of 6 rats. (), Beef tallow diet
feeding rats; (O), Corn oil diet feeding rats; (), Fish oil diet feeding rats. The alpha-
betic symbols represents the significant difference (p < 0.05) between each diet group; (a)
Fish oil vs. Beef tallow; (b), Fish oil vs. Corn oil; (¢), Corn oil vs. Beef tallow.
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Fig. 2 Comparison of the adipose tissue weight
in epididymal, liver and soleus muscle
among the diet groups. The data repre-
sents the mean = SEM of 6 rats. *, Sta-
tistically significant (p < 0.05).
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Fig. 3 Comparison of the plasma lipid contents among the diet groups. Plasma lipid; TG, tri-
glyceride; NEFA, non estel fatty acid; PL, phospholipid; T-Cho, total cholesterol, HDL-
Cho, high density lipoprotein cholesterol. The data represents the mean == SEM of 6 rats.
* Statistically significant (p < 0.05).
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Fig. 4 Comparison of triglyceride (TG) and total-cholesterol (T-Cho) contents in rat liver among
the diet groups. The data represents the mean + SEM of 6 rats. *, Statistically significant

(p < 0.05).
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Fig. 6 Comparison of diglyceride acyltransfer-
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ase activity (D.A), 3-hydroxyacyl-CoA-de-
hydrogenase activity (3-HAD), and the
ratio of diglyceride acyltransferase
activity to  3-hydroxyacyl-CoA-dehy-
drogenase activity of rat liver among
the diet groups. The data represents
Mean = SEM of 6 rats; D.A/3-HAD, di-
glyceride acyltransferase activity (Tri-
glyceride nmole/g/h) per 3-hydroxyacyl-
CoA-dehydrogenase activity (U/g); *,
Statistically significant (p < 0.05).
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Fig. 7 Comparison of norepinephrine-induced
lipolysis among the diet groups. The
data represents the mean =+ SEM of 6
rats. The closed column () represents
the value of basal lipolysis; The open
column ([7]) represents the value of nor-
epinephrine (0.1 ».g/ml)-induced lipolysis;
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Fig. 9 Comparison of diglyceride acyltransfer-
ase activity of fat cells among the diet
groups. The data represents the mean +
SEM of 6 rats. *, Statistically significant

*, Statistically significant (p < 0.05). (p < 0.05).
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Fig. 8 Comparison of norepinephrine-induced lipolysis in a cell-free system consisting of lipid

droplets and hormone-sensitive lipase among the diet groups. The data represents the
mean & SEM of 6 rats. The closed column () represents the value of basal lipolysis; The
open column ([]) represents the value of norepinephrine (0.1 1g/ml)-induced lipolysis; LD,
endogenous lipid droplets were prepared from epididymal fat cells of each diet feeding rat
and hoemone-sensitive lipase was prepared from epididymal fat cells of lab-chow feeding
male rats; HSL, hormone-sensitive lipase was prepared from epididymal fat cells of each
diet feeding rat and endogenous lipid droplets were prepared from epididymal fat cells of
lab-chow feeding male rats. *, Statistically significant (p < 0.05). N.S, No significant dif-

ference.
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Fig. 10 Comparison of the ratio of diglyceride

acyltransferase activity to
norepinephrine-induced lipolysis in fat
cells among the diet groups. The data
represents the mean = SEM of 6 rats.
, Statistically significant (p < 0.05);
D.A/Lipolysis, diglyceride acyltransfer-
ase activity (Triglyceride nmole/10° fat

cells’h) per norepinephrine-induced

lipolysis (FFA /Eq/10° fat cells/h).
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Fig.
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acyltransferase activity to
norepinephrine-induced lipolysis in a
cell-free system consisting of lipid drop-
lets and hormone-sensitive lipase
among the diet groups. The data repre-
sents the mean + SEM of 6 rats. *, Sta-
tistically significant (p < 0.05). D.A,
diglyceride acyltransferase activity of
fat cells; Lipolysis (LD), norepinephrine
(0.1 ~g/ml)-induced lipolysis in a cell-
free system using lipid droplets were
prepared from epididymal fat cells of
each diet feeding rat; D.A/ Lipolysis in
a cellfree system, the ratio of di-
glyceride acyltransferase activity (Tri-
glyceride nmole/10° fat cells/h) to
norepinephrine-induced lipolysis in a
cell-free system (FFA 1«Eq/10° lipid
droplets/h).

r * 1

12

Beef tallow Com oil Fish oil

Diet group

Comparison of phospholipid contens per
surface area (mm?®) of lipid droplets
among the diet groups. The data repre-
sents the mean = SEM of 6 rats. The
closed column () represents phospha-
tidylethanolamin (PE); The open col-
umn ([J) represents phosphatidylcholine
(PC), *, Statistically significant (p <
0.05).
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Table 3 Comparison of fatty acid composition in lipid droplets derived from rat epididymal fat cells

among the diet groups. (%)
Diet group Significant
Fatty acid Beef tallow Corn oil Fish oil Difference
Myristic acid (14:0) 2.6+0.31 0.9+£0.11 4.5+0.58 abc
Palmitic acid (16:0) 19.61+1.66 18.2+1.19 26.61+0.87 ab
Palmitoleic acid (16:1 n-7) 8.3+0.42 0.6+0.14 11.440.71 abc
Stearic acid (18:0) 4.0£0.43 1.0£0.36 2.8£0.12 abc
Oleic acid (18:1 n-9) 55.8+1.77 33.8+0.38 24.1£0.61 abc
Linoleic acid (18:2 n-6) 7.1£0.50 44.61+0.91 8.3+£1.06 be
@ -Linolenic acid (18:3 n-3) - 0.5%+0.03 0.5+0.04 ac
Arachidonic acid (20:4 n-6) — 0.3£0.02 0.940.08 abc
EPA (20:5 n-3) - - 1.9+0.25 ab
DHA (22:6 n-3) - - 12.6+0.97 ab
Others 2.6£0.67 0.2£0.23 6.3+0.30 abc

Values represents the mean + SEM of 6 rats. The alphabetic symbols represents the signifi-
cant difference (p < 0.05) between each diet group; (a), Beef tallow vs. Fish oil; (b), Corn oil

vs. Fish oil; (c), Beef tallow vs. Corn oil.
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