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Increased plasma arachidonic acid (20:406) levels have been reported in patients undergoing 3-hydroxy-3- 
methyl coenzyme A (HMG-CoA) reductase inhibitor therapy. We have previously shown that this efSect is related 
to an increased conversion of linoleic acid (l&206) to 20:406 via the fatty acid desaturases and results in an 
increased formation of biologically potent eicosanoids. Because fatty acid desaturases also act on w3 fatty acids, 
and because the long chain w3 fatty acids counterbalance many of the physiological effects of o6 fatty acids, we 
now examine the effects of a-linolenic acid (18:3w3) supplementation on the lovastatin-induced changes in 
cellular and lipoprotein fatty acid levels. Human hepatoma Hep G2 cells were incubated with lovastatin (10 
pmol/L) or its carrier dimethyl sulphoxide (DMSO. final concentration 0.1%) for 72 hr and with albumin-bound 
18:303 (40 pmoUL) alone or with different ratios of 18:303 to 18:2w6 for the last 24 hr. In comparison with 
control cells, lovastatin-treated cells converted more 18:303 into eicosapentaenoic (20:5w3) and docosahexae- 
noic (22:6w3) acids, which were incorporated in increasing amounts in celhdarphospholipids and lipids secreted 
by these cells. The lovastatin-mediated increase in 20:406 levels in cellular and secreted lipids was also 
significantly reduced in 18:3w3-supplemented cells. The effect of IS:303 supplementation on the lovastatin- 
induced changes in w6 and 03 fatty acid composition was dependent on the 18:3w3/18:206 supplementation 
ratio. The present studies suggest that the previously described effects of HMGCoA reductase inhibitors on 
polyunsaturated fatty acid metabolism can be modulated by the dietary 18:3~3/18:2w6 ratio. (J. Nutr. Biochem. 
7:465471, 1996.) 
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Introduction tatin (LOV) increases the arachidonic acid (20:4w6) levels 

We have recently demonstrated that the 3-hydroxy-3- 
methyl coenzyme A (HMG-CoA) reductase inhibitor lovas- 
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in the cellular phospholipids and lipoprote&rs secreted by 
the human hepatoma Hep G2 cells.’ This finding, which is 
a consequence of increased fatty acid desaturation activity, 
may explain the sporadic reports of decreased linoleic acid 
(18:2w6) levels and increased 20:406 levels in lipopro- 
tein? and erythrocytes5 of patients undergoing HMG- 
CoA reductase inhibitor therapy. As demonstrated by Ha- 
benicht et a1.,6 cholesteryl arachidonate of the LDL lipid 
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core is an important source of 20:406 for the formation of 
eicosanoids in extrahepatic tissues. We have shown in vitro 
thatthe LOV-induced increase in cellular phospholipid 
20:4w6 is accompanied by increased eicosanoid synthesis.’ 
Furthermore, 20:406 and other polyunsaturated fatty acids 
(PUFAs) are important regulatory components of mem- 
brane phospholipids and are increasingly recognized as 
regulators of gene expression.7 

The effects of eicosapentanoic (20503) and docosa- 
hexanoic (22:603) acids in cardiovascular and other prolif- 
erative, inflammatory diseases have been extensively re- 
searched and documented.’ Epidemiological evidence also 
points to significant inverse correlations between the dietary 
w3/06 ratio and cardiovascular and cancer mortality.’ Fur- 
thermore, interest in the potentially protective cardiovascu- 
lar properties of diets enriched in the w3 fatty acid presursor 
a-linolenic acid (18:303) has recently been renewed. lo Be- 
cause w3 fatty acids compete with the 06 fatty acids for the 
same desaturation and acylation enzymes,” the LOV- 
induced changes in PUFA metabolism may be modulated 
by 03/w6 precursor ratios. Thus, the present study exam- 
ined the combined effect of lovastatin and ol-linolenic acid 
on the w3 and 06 fatty acid composition of cellular phos- 
pholipids and lipoproteins secreted by the human hepatoma 
Hep G2 cells. 

Methods and materials 

Materials 

Lovastatin was a kind gift of Dr. A. W. Alberts from Merck Sharp 
and Dome (Rahway, NJ, USA). Free fatty acids, bovine serum 
albumin (BSA, essentially fatty acid free, A6003). cell culture 
media, and cell culture ingredients were from Sigma (Munich, 
Germany). Organic solvents, dimethyl sulphoxide (DMSO) were 
from Merck (Darmstadt, Germany). Bond Elut solid phase extrac- 
tion columns (NH,-aminopropyl, 1 mL bed volume) were from 
Baker (No. 7088-1, Denveter, Netherlands). 

Cell culture 

Hep G2 cells (American Tissue Type Culture Collection, Rock- 
ville, MD, USA) were grown in 15 ml flasks in Dulbecco’s modi- 
fied Eagle’s medium (DMEM, D5405) supplemented with 10% 
fetal calf serum (FCS), non-essential amino acids (NEAA, 1 
mmol/L) and I-glutamine (2 mmol/L) and were passaged (1:6) 
once a week with trypsin-EDTA (lx). 

Preparation of albumin-bound fatty acids 

Free fatty acids were dissolved in ethanol and converted to their 
anion with 0.5 mol/L KOH. Ethanol was evaporated under N, and 
the salt was immediately reconstituted with 2.5 mmol/L BSA dis- 
solved in culture medium to yield a 5 mmol/L fatty acid solution. 
The pH was adjusted to 7.4 with 1 mol/L NaOH and aliquots were 
stored at -80°C. 

Determination of phospholipid fatty acids 

Freshly passaged Hep G2 cells, grown in normal medium for the 
first 3 days, were treated with LOV (10 l.rmol/L, dissolved in 
DMSO) or DMSO alone (final concentration 0. 1%), and with al- 
bumin-bound 18:3w3 alone (40 pmol/L) or with different ratios of 
18:3w3/18:206 on days 4 to 8 as described in legends. Cells were 

then washed (3x5 ml NaClO.9%) and cellular lipids were extracted 
with chloroform/methanol (2: 1 vol/vol), containing butylated hy- 
droxytoluene (BHT, 0.2%). Total phospholipids were separated 
from neutral lipids on aminopropyl-bonded phase Bond-Elut col- 
umns.12 The phospholipid eluate was transesteritied with anhy- 
drous 3N methanolic HCL (90°C 1 hr) in the presence of 17:0 as 
internal standard. Fatty acid methyl esters were recovered in pe- 
troleum benzene and quantified with a Hewlett-Packard 5890A gas 
chromatogram, using a 2.5 mm x 30 m DB-225 fused silica cap- 
illary column.’ 

Determination of fatty acid composition of lipids 
secreted by Hep G2 cells 

Hep G2 cells were kept in growth medium for the first 3 days after 
passage. On day 4, cells were given fresh growth medium and 
were treated with LOV 0.4 to 10 pmol/L or DMSO (6 x 145-cm2 
plates per treatment), and with albumin-bound 18:303 and/or 18: 
2~6 as described in legends. On day 7, growth medium was re- 
moved and cells were washed 3 times with 30 mL Dulbecco’s PBS 
and once with FCS-free DMEM. Fresh FCS-free DMEM (30 mL) 
containing LOV (0.4 to 10 pmol/L) or DMSO was then added and 
harvested after 24 hr. This procedure was repeated on day 8. The 
harvested medium was supplemented with EDTA (1 mg/mL) and 
gentamycin sulphate (0.1 mg/mL). centrifuged at 1,000 g x 30 min 
at 4°C to remove cell debris and stored at 4°C. Media from the two 
harvests were pooled and concentrated to minimal volumes by 
ultrafiltration (Amicon stirred cell, PM30 membranes, Amicon, 
Witten, Germany). Concentrates were lyophilized and total lipids 
extracted with chloroform/methanol (2: 1 vol/vol). Phospholipid, 
triglyceride, and cholesterol ester fractions were separated on ami- 
nopropyl columns,” and fatty acids quantified as described. 

Statistics 

Unless otherwise stated, results are expressed as means + SEM. 
The data were analyzed by means of analysis of variance, using the 
512’ Statview statistical package (Abacus Concepts, Inc. 1986). 
Differences between means were assessed with the Scheffe’s F- 
test. 

Results 

Effect of LOV and 18:3w3 on cellular phospholipid 
fatty acid levels of Hep G2 cells 

As depicted in Figure 1, incubation of control cells with 
18:3w3 (40 p,mol/L) resulted in its incorporation into cel- 
lular phospholipids and further conversion into 20503, 22: 
5~3 and 22:6w3. Simultaneous treatment with LOV (10 
kmol/L), reduced 18:3w3 levels by 70% (2.83 f 0.28 to 
0.86 + 0.09%, P < O.Ol), whereas 22:6w3 levels were in- 
creased by 47% (3.90 f 0.33 to 5.70 f 0.72%, P < 0.01). 
Supplementation with 18:3w3 also significantly lowered the 
cellular phospholipid 20:4w6 levels in both control (6.9 + 
0.4 to 5.5 f 0.3, P < 0.05) and LOV-treated (7.3 k 0.2 to 6.1 
f 0.3, P < 0.05) cells. 

In cells not receiving exogenous essential fatty acids, 
LOV treatment alone reduced 18:2w6 levels in cellular 
phospholipids (2.09 f 0.39 in control vs 1.46 f 0.17 in 
LOV-treated cells, P < 0.05), but did not significantly alter 
the levels of 20:4w6 (6.89 + 0.42 versus 7.30 + 0.15), 18: 
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Figure 1 Effect of 18:3~3 supplementation and LOV on cellular 
phospholipid ~3 fatty acid content of Hep G2 cells. Cells in normal 
growth medium were treated with DMSO alone (control), BSA-bound 
18:3w3 (40 umol/L) or BSA-bound 18:3~3 (40 umol/L) and LOV (10 
umol/L) on days 4 to 8 after passage. Total lipids were extracted and 
cellular phospholipid fatty acids were quantified as described under 
“Methods and materials.” Bars represent means + SEM of three or 
four experiments. * and T indicate that values are statistically differ- 
ent from control and 18:3w3supplemented cells, respectively. 

3~3 (0.32 f 0.06 versus 0.18 + 0.03), 20503 (0.24 + 0.03 
versus 0.29 f 0.09), 22503 (0.41 + 0.05 versus 0.46 f 
0.05), and 22:6w3 (2.63 + 0.21 versus 2.81 + 0.20). 

EfSect of LOV and 18:3w3 on fatty acid composition 
of lipids secreted by Hep G2 cells 

To investigate whether the above observed changes in cel- 
lular phospholipid fatty acid composition were reflected in 
lipoproteins synthesized by the Hep G2 cells, we compared 

the fatty acid composition of lipids secreted into culture 
medium by cells incubated with increasing concentrations 
of LOV (0.4,4 or 10 kmol/L) and supplemented with either 
18:3w3, 18:2w6 (both 40 p,mol/L) or no exogenous fatty 
acids. In agreement with others,‘3*14 the greatest proportion 
of fatty acids secreted by Hep G2 cells were esterified in 
phospholipids and triglycerides (56% and 37% of total fatty 
acids, respectively), whereas only a small amount appeared 
in cholesterol ester (6.7%). As we have shown previously,’ 
LOV produced a significant dose-dependent increase in the 
20:4w6 content of phospholipids (Table I), triglycerides 
(Table 2), and cholesteryl esters (Table 3) secreted by Hep 
G2 cells supplemented with exogenous 18:2w6. A similar, 
dose-dependent increase in 20:4w6 was also observed in the 
phospholipids secreted by cells receiving essentially no ex- 
ogenous fatty acids, at LOV doses as low as 0.4 pmol/L 
(Table I). In contrast, this LOV-mediated increase in 20: 
4~6 secreted was blocked by 18:3w3-supplementation at 
the lower LOV concentrations (0.4 and 4 (*.mol/L), and was 
statistically significant only in the secreted phospholipids at 
the highest LOV dosage used (10 pmol/L) (Table I). 

Cells supplemented with exogenous 18:3w3 secreted this 
fatty acid in all three lipid fractions (Tables 1 to 3). Relative 
to cells receiving no exogenous fatty acids and those supple- 
mented with 18:2w6, these cells also secreted more 20:5w3 
and 22:6w3, especially in the phospholipid (Table I) and 
cholesteryl ester (Table 3) fractions. The levels of 20:5w3 
and 22:6w3 were further increased by LOV in a dose- 
dependent manner. Interestingly, LOV also increased 22: 
6~3 levels in the phospholipids secreted by cells receiving 
no exogenous 18:3w3 (Table I). 

As described previously,’ 16:0 levels were decreased, 
whereas 18:O and 18: 1 levels increased after LOV treatment 
in the lipids secreted by Hep G2 cells, regardless of fatty 
acid supplementation. 

Table 1 Fatty acid composition of phospholipids secreted by Hep G2 cells 

LOV 

(umol/L) 0 

no fatty acid 

0.4 4 

+18:3w3 +18:2w6 

10 0 0.4 4 10 0 0.4 4 10 

16:O 

18:O 

18:l 

18:2w6 

20:4w6 

18:3w3 

20:503 

22:6w3 

49.88 49.66 
+ 1.86 zi 1.67 

4.28 4.92 
+ 0.27 + 0.3 
40.20 39.28 

+ 1.97 f 1.90 
1.16 1.15 

+ 0.11 f 0.12 
2.01 2.79* 

+ 0.04 + 0.01 
nd. n.d. 

0.07 
r 0.01 

0.79 
+ 0.06 

0.11 
+ 0.01 

1.06* 
+ 0.02 

45.44* 
* 0.95 

5.12* 
+ 0.25 
41.30 

+ 1.31 
1.12 

+ 0.04 
3.23” 

f 0.16 
n.d. 

0.09 
* 0.02 

1.25* 
k 0.00 

44.60 
+ 1.08 

5.32* 
* 0.14 
42.21 

+ 1.39 
1.10 

+ 0.06 
3.13* 

i 0.15 
n.d. 

0.03 
+ 0.00 

1.13* 
+ 0.06 

48.27 
f 0.96 

4.39 
* 0.10 
36.31 

* 0.73 
1.78 

+ 0.22 
2.20 

+ 0.22 
0.83 

f 0.19 
2.44 

zto.11 
2.40 

f 0.14 

46.85* 
zt 0.28 

4.82 
zt 0.46 
37.50 

* 0.77 
1.57 

+ 0.10 
2.36 

+ 0.05 
0.58 

r 0.10 
2.36 

f 0.18 
2.59 

+ 0.11 

44.90* 
+ 2.52 

5.40” 
+ 1.41 
37.38 

+ 0.43 
1.64 

f 0.20 
2.42 

f 0.30 
0.49 

* 0.17 
2.98* 

* 0.19 
3.19* 

e 0.28 

42.15* 
+ 1.68 

5.63* 
+ 0.39 
38.51 

f 0.50 
1.66 

f 0.07 
3.20* 

+ 0.30 
0.65 

+ 0.14 
2.82* 

+ 0.09 
3.34* 

f 0.29 

48.96 
+ 0.38 

4.73 
zt 0.32 
38.07 

+ 0.58 
3.66 

f 0.20 
2.86 

+ 0.15 
n.d. 

0.06 
+ 0.01 

0.73 
f 0.06 

43.80* 
+ 0.54 

5.52 
+ 0.37 
39.54 

+ 0.82 
4.07 

* 0.38 
4.31* 

f 0.18 
n.d. 

0.11 
* 0.02 

1.16* 
+ 0.13 

41.85* 
+ 0.64 

5.77* 
+ 0.40 
41.12 

* 1.06 
3.16 

* 0.40 
4.68* 

+ 0.16 
nd. 

0.22 
+ 0.07 

1.22* 
f 0.14 

42.21* 
* 0.60 

6.05* 
* 0.22 
40.04 

t 0.94 
3.02 

+ 0.53 
4.74* 

+ 0.33 
nd. 

0.26 
zto.17 

1.21* 
+ 0.19 

Freshly passaged Hep G2 cells were incubated with LOV 0.4 to 10 umol/L on days 4 to 8, with 18:206 or 18:3~3 (40 umol/L) on days 4 to 6 
and in serum-free DMEM on days 7 and 8. Fatty acid composition of lipids secreted into the medium were quantitated as described under 
“Methods and materials,” Values are means k 1 SEM from 3 to 5 experiments. 
“Value is different from respective DMSO control using ANOVA with Sheffe’s F-test for differences between means. 
n.d., not detectable or less than 0.1% of total fatty acids. 
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Table 2 Fatty acid composition of triglycerides secreted by Hep G2 cells 

LOV 
(pmol/L) 0 

no fatty acid 

0.4 4 

+18:3w3 +18:206 

10 0 0.4 4 10 0 0.4 4 10 

16:0 

18:0 

18:l 

18:2w6 

20:4w6 

18:303 

205~3 

22:6w3 

28.79 
i 0.31 

3.80 
+ 0.12 
63.94 

* 1.57 
0.42 

f 0.15 
0.59 

+ 0.19 
nd. 

26.92 
f 0.47 

3.51 
f 0.3 
66.01 

+ 1.35 
0.37 

+ 0.15 
0.30 

+ 0.01 
n.d. 

n.d. 

0.30 
f 0.01 

n.d. n.d. 

0.24 
+ 0.02 

25.53* 
+ 1.27 

3.87 
+ 0.01 
66.20” 

+ 0.24 
0.59 

+ 0.04 
0.48 

+ 0.06 
n.d. 

0.31 
It 0.02 

23.99* 
+ 1.00 

3.88 
+ 0.10 
67.92* 

i 0.62 
0.45 

i 0.04 
0.57 

+ 0.02 
nd. 

n.d. 

0.26 
f 0.01 

32.40 
* 1.36 

3.24 
ic 0.38 
58.65 

f 0.97 
2.01 

t 0.20 
0.41 

i 0.13 
0.99 

+ 0.14 
0.34 

LIZ 0.08 
0.92 

* 0.17 

30.94 
+ 0.66 

3.28 
+ 0.21 
60.30 

* 1.09 
1.50 

* 0.28 
0.46 

+ 0.18 
0.81 

+ 0.15 
0.31 

+ 0.06 
1.05 

* 0.12 

29.35* 
f 1.05 

3.75* 
f 0.39 
60.99* 

+ 0.38 
1.59 

+ 0.24 
0.61 

* 0.27 
0.83 

ic 0.16 
0.37 

A 0.08 
1.27 

+ 0.35 

27.67* 
* 1.13 

3.84* 
* 0.43 
62.20* 

+ 0.79 
2.00 

+ 0.51 
0.61 

+ 0.20 
1.09 

+ 0.34 
0.55 

* 0.06 
1.50* 

+ 0.24 

32.05 
+ 0.76 

3.07 
+ 0.17 
62.25 

* 1.12 
1.54 

+ 0.12 
0.36 

AZ 0.06 
n.d. 

28.56* 
+ 0.47 

3.07 
f 0.30 
64.72 

f 1.35 
1.75 

+ 0.25 
0.38 

f 0.04 
n.d. 

25.86* 
+ 0.71 

3.50 
+ 0.16 
66.26 

+ 1.84 
1.75 

* 0.22 
0.61* 

f 0.04 
nd. 

25.21* 
+ 0.28 

3.56 
+ 0.22 
66.34 

+ 1.05 
1.86 

k 0.42 
0.69* 

+ 0.08 
n.d. 

n.d. 

0.17 
+ 0.06 

n.d. 

0.13 
zk 0.05 

nd. 

0.14 
+ 0.06 

n.d. 

0.21 
* 0.02 

Freshly passaged Hep G2 cells were incubated with LOV 0.4 to IO umol/L on days 4 to 8, with 18:3w3 or 18:2~6 (40 umol/L) days 4 to 6 and 
in serum-free DMEM on days 7 and 8. Fatty acid composition of lipids secreted into the medium were quantitated as described under “Methods 
and materials.” Values are means * 1 SEM from three to five experiments. 
*Value is different from respective DMSO control using ANOVA with Sheffe’s F-test for differences between means. 
n.d., not detectable or less than 0.1% of total fatty acids. 

ESfect of LOV on cellular and lipoprotein fatty acids 
of Hep G2 cells supplemented with diflerent 
18:3w3/1 X-206 ratios 

In an attempt to simulate conditions likely to reflect an in 
vivo situation, the LOV-induced changes in 06 and w3 
metabolism in Hep G2 cells were next examined under dif- 
ferent 18:303/18:206 supplementation ratios. As depicted 
in Figure 2, cellular phospholipid 20:4w6 levels decreased, 
whereas 22:603 levels increased with increasing 18:3w3/ 

l&206 ratios. The simultaneous treatment with LOV re- 
sulted in an increase in both 20:4w6 and 22:603 levels. 
Significant statistical interactions between 18:3w3/18:2w6 
supplementation ratios and LOV treatment furthermore in- 
dicated that the effect of LOV on fatty acid desaturation was 
modulated by the 18:3w3/18:206 precursor availability. 
The LOV-induced increase in 20:4w6 and 22:603 levels 
were most pronounced at the lowest and highest 18:303/ 
18:2w6 supplementation ratios, respectively. In parallel ex- 
periments, a similar interaction between the 18:3~3/18:206 

Table 3 Fatty acid composition of cholesterol esters secreted by Hep G2 cells 

LOV 
(pmol/L) 0 

no fatty acid 

0.4 4 

+18:3w3 +18:2w6 

10 0 0.4 4 10 0 0.4 4 IO 

16:0 

18:0 

18:l 

18:2w6 

20:406 

18:303 

205~3 

22:6w3 

25.98 
+ 1.29 

5.82 
IIY 1.60 
56.89 

+ 2.95 
7.83 

+ 1.50 
1.07 

zt 0.24 
n.d. 

nd 

0.53 
zt 0.28 

27.01 
* 0.47 

9.35 
It 1.3 
53.75 

* 1.35 
4.29 

f 1.15 
1.27 

+ 0.41 
nd. 

n.d. 

0.57 
* 0.22 

28.08 
+ 1.27 

6.60 
+ 1.55 
57.97 

+ 2.67 
3.13 

+ 0.82 
1.62 

* 0.40 
n.d. 

n.d. 

0.44 
* 0.22 

25.08 
f 0.91 

8.39 
i 3.05 
58.62 

k 4.65 
2.83 

+ 1.00 
1.61 

* 0.20 
n.d. 

nd. 

0.88 
+ 0.36 

29.96 
* 0.62 

4.80 
+ 0.80 
55.31 

+ 3.18 
2.36 

+ 0.36 
1.16 

k 0.38 
2.37 

f 0.13 
0.67 

+ 0.11 
1.10 

+ 0.29 

29.87 
f 2.12 

7.92 
+ 2.43 
49.53 

+ 4.79 
5.44 

+ 1.59 
1.28 

* 0.73 
2.11 

* 0.04 
1.53 

* 0.93 
0.83 

+ 0.23 

27.26 
+ 1.32 
11.76* 

f 0.25 
44.99 

* 3.32 
4.07 

+ 0.77 
1.61 

+ 0.52 
3.13 

f 1.02 
1.78 

* 0.67 
2.42 

* 1.41 

27.01 
i 1.74 

8.22 
f 2.07 
48.33 

t 7.34 
2.66 

+ 0.81 
1.55 

+ 0.42 
1.92 

* 0.46 
1.82* 

+ 0.56 
1.00 

+ 0.25 

29.65 
LIZ 0.61 

4.87 
f 0.27 
58.54 

* 1.59 
4.27 

+ 0.52 
1.40 

* 0.23 
n.d. 

n.d. 

0.15 
* 0.10 

28.95 
+ 0.55 

5.12 
+ 0.36 
56.02 

* 1.56 
5.89 

* 1.05 
2.12 

zk 0.33 
n.d. 

nd. 

0.31 
* 0.14 

26.78 
+ 1.06 

8.36* 
f 0.76 
54.25 

f 1.57 
4.36 

+ 1.33 
3.90* 

+ 1.42 
n.d. 

n.d 

nd 

28.64 
+ 1.49 

9.92* 
+ 0.62 
52.56 

? 2.84 
4.65 

+ 1.48 
3.17* 

f 0.64 
n.d. 

n.d 

nd 

Freshly passaged Hep G2 cells were incubated with LOV 0.4 to 10 umol/L on days 4 to 8, with 18:3w3 or 18:2w6 (40 umol/L) on days 4 to 6 
and in serum-free DMEM on days 7 and 8. Fatty acid composition of lipids secreted into the medium were quantitated as described under 
“Methods and materials.” Values are means + 1 SEM from 3 to 5 experiments. 
*Value is different from respective DMSO control using ANOVA with Sheffe’s F-test for differences between means. 
n.d., not detectable or less than 0.1% of total fatty acids. 
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Figure 2 Effect of the 18:303/l&2& supplementation ratio on the 
LOV-induced changes in 20:406 (A) and 22:603 (B) levels in cellular 
phospholipids. Celk in normal growth medium was supplemented 
with different ratios of BSA-bound 18:303/18:2w6 and treated with 
LOV (4umol/L) or its carrier (DMSO) on days 4 to 8 after passage. 
Total lipids were extracted and cellular phospholipid fatty acids 
were quantified as described under “Methods and materials.” Sym- 
bols represent means * SEM of four experiments. Data were ana- 
lysed by means of two-factor ANOVA: (A) LOV effect F(1,30) = 
43.10, P = .OOOl; FA effect F(4,30) = 62.03; P = .OOOl; LOVxFA 
interaction F(4,30) = 2.41, P = 0.07). (B) LOV effect F(1,30) = 30.63, 
P = .OOOl ; FA effect F(4,30) = 55.87, P = .OOOl; LOVxFA interaction 
F(4,30) = 4.48, P = 0.006. 

supplementation ratio and LOV were seen in the fatty acid 
composition of lipids secreted by the Hep G2 cells (data not 
shown). 

Cell growth and viability 

As reported previously,’ LOV concentration up to 10 @I 
did not significantly influence cell proliferation, as judged 
by of cell protein measurement. Cell viability, assessed by 
means of ethidium bromidelacridin orange fluorescence, 
was >90% under all conditions. 

Discussion 

Within the last 5 years, several clinical studies have sug- 
gested that HMG-CoA reductase inhibitor therapy may alter 
essential fatty acids metabolism, resulting in decreased 18: 
2~6 and increased 20:4w6 levels in plasma lipoproteins2A 

and erythrocytes.5 We have recently shown in vitro, that this 
effect is most likely related to an increased conversion of 
18:206 to 20:4w6 via the fatty acid desaturases.’ Whether 
the drug-induced increase in cellular and systemic 20:4w6 
levels could alter cellular function in hypercholesterolemic 
patients, remains to be addressed in clinical studies. How- 
ever, our present in vitro findings in the human hepatoma 
Hep G2 cell line suggest that the LOV-induced fatty acid 
changes in fatty acid metabolism are modulated by the 18: 
3w3/18:206 dietary precursor ratio. 

The hepatoma Hep G2 cell line has been used exten- 
sively in studies of human liver lipid and lipoprotein me- 
tabolism. l5 As previously described for 18:2w6,’ 18:3w3 
either albumin-bound or incorporated into LDL (data not 
shown), is readily metabolized to its longer chain deriva- 
tives 20:503,22:503,22:6~3, which are then esterified into 
cellular and lipoprotein lipids. Furthermore, LOV increased 
22:6w3 levels in cellular phospholipids of Hep G2 cells 
supplemented with albumin-bound 18:303. Our data thus 
suggest that analogous to its effect on the metabolism of w6 
fatty acids,’ LOV increases the desaturation and elongation 
of 18:303. The specific desaturation enzyme stimulated by 
LOV could not be elucidated from the present data. How- 
ever, the simultaneous reduction in 18:303 and increase in 
22:6w3 levels in LOV-treated cells suggest an induction of 
A6 desaturase, the enzyme involved in both the initial de- 
saturation of 18:3w3 and the synthesis of 22:6w3.16 Our 
data also cannot exclude the possibility that LOV-related 
effects on fatty acid esterification into cellular and lipopro- 
tein lipids contributed to the changes in fatty acid compo- 
sition observed. The supplementation of cells with albumin- 
bound 18:303 decreased 20:406 levels in the phospholipids 
of control cells and reduced the LOV-induced increase in 
20:4w6 in LOV-treated cells, presumably by competing 
with 18:206 in cellular desaturation and acylation reac- 
tions.“,” The effect of LOV on cellular 06 and 03 fatty 
acid composition was thus modulated by the 18:303/18:2w6 
precursor ratio. 

The changes in cellular phospholipid fatty acids resulting 
from LOV and fatty acid supplementation were reflected in 
the fatty acid pattern of lipids secreted by the Hep G2 cells. 
Supplementation of control cells with 18:303 increased 20: 
5~3 and 22:6w3 levels in all three lipid fractions secreted. 
Cotreatment with LOV further increased 205~3 and 22: 
6~3 levels in all three lipid fractions, in a dose-dependent 
manner. As reported previously,’ LOV increased 20:406 
levels of lipids secreted by the Hep G2 cells. This increase 
was the highest in cells supplemented with exogenous 18: 
206, but was also significant in unsupplemented cells at 
LOV concentrations as low as 0.4 p,moUmL, a dose equiva- 
lent to plasma concentrations of patients undergoing LOV 
therapy.18 This rise in 20:4w6 levels was blocked with 18: 
3~3 at the lower LOV concentrations, and was seen only 
with the highest LOV dose of 10 FM. This suppressive 
effect of 18:303 increased with increasing 18:303/18:2w6 
ratios. 

In contrast to Hep G2 cells supplemented with exog- 
enous 18:303, the cellular levels of w3 fatty acids were not 
significantly altered by LOV in fatty acid unsupplemented 
cells. This most likely reflects the low levels of endogenous 
18:3w3 in the cellular lipids of unsupplemented Hep G2 
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cells. It has been previously proposed that cultured cells in 
general are deplete of essential fatty acids due to their con- 
tinuous growth in essential fatty acid poor medium.” On 
the other hand, the small but statistically significant increase 
in both 20:4w6 and 22:603 in the phospholipids secreted by 
the LOV-treated, fatty acid unsupplemented cells suggest 
that the newly synthesized PUFAs were preferentially uti- 
lized in the assembly of lipoproteins. 

Because greater increases in plasma levels of 20503 and 
22:6w3 can be achieved through the consumption of large 
amounts of fatty acid or through fish oil supplements, it has 
been argued that 18:3w3 is an inefficient source of the long- 
chain w3 fatty acids in humans.” Only modest increases in 
20503 but not 22:6w3 have been documented in most hu- 
man studies of 18:3w3 supplementation.21-28 Nevertheless, 
it has recently been estimated that the conversion of 18:3w3 
in the U.S. diet could contribute substantially to the re uire- 
ments for long-chain w3 fatty acids of healthy adults. 21 The 
extent of in vivo conversion of 18:3w3 into 20503,‘~ the 
incorporation of 20:5w3 into cellular membranes,30 as well 
as the 18:3w3-mediated suppression of 20:4w618 levels de- 
pends on the fatty acid composition of the background diet. 
Thus, diets that partially replace 18:2w6 with 18:3w3 result 
in larger increases in plasma and cellular 20:5w3 levels,” 
than those where 18:3w3 is supplemented to diets also high 
in 18:2w6. 

Recently, renewed interest in diets high in 18:3w3 has 
been stimulated by the apparent antiatherogenic properties 
of the “Mediterranean” diet, which in addition to being 
enriched in antioxidative vitamins and oleic acid, contains 
appreciable amounts of 18:303.” Our present results in the 
Hep G2 cells indicate that the effect of HMG-CoA reduc- 
tase inhibitors on the hepatic metabolism of 06 and w3 fatty 
acids can be modulated by the 18:3w3/18:206 precursor 
ratio. Thus, a substitution of the commonly used vegetable 
oils that are rich in 18:2w6 but contain little l&303, with 
those with higher 18:3w3/18:2w6 ratios (soya, linseed, rape- 
seed, walnut oils) may be of benefit to hypercholesterolemic 
patients on HMG-CoA reductase therapy. Such a strategy, 
in addition to lowering blood lipid levels, could reduce the 
drug-related increase in 20:4w6 levels and provide a more 
favourable w6/w3 fatty acid ratio. 
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