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Abstract An acute oral fat load produces transient lipemia 
that is enhanced by the simultaneous ingestion of ethanol. This 
phenomenon has been reinvestigated in six normal subjects who 
consumed three different fat loads with and without ethanol. 
The fat loads consisted of saturated fat, polyunsaturated fat, or 
polyunsaturated fat enriched with omega-3 (n-3) fatty acids. 
Each fat load contained retinol as a marker for intestinally de- 
rived lipoproteins. Plasma levels of triglycerides, retinyl palmi- 
tate, and nonesterified fatty acid species were determined at 
several time points after consumption. Increasing the size of a 
saturated fat load increased postprandial lipemia and delayed 
retinyl palmitate clearance. Postprandial lipemia and plasma 
retinyl palmitate concentrations were lower when omega-3 or 
omega-6 (n-6) polyunsaturated fat was substituted for saturated 
fat. Preprandial ethanol increased postprandial lipemia, an 
effect that was most profound with the saturated fat load. Con- 
currently, oral ethanol also increased postprandial retinyl palmi- 
tate. Addition of ethanol to the fat loads had no effect on the 
plasma concentrations of fatty acids derived from peripheral tis- 
sue but appeared to decrease the plasma concentration of free 
fatty acids of dietary origin. These data support the 
hypothesis that preprandial ethanol is associated with impaired 
chylomicron hydrolysis that may be due to inhibition of plasma 
lipoprotein lipase. These findings are important to the search for 
the molecular mechanism of ethanolic hypertriglyceridemia and 
to the development of dietary guidelines for its control. 
-Pownall, H. J. Dietary ethanol is associated with reduced 
lipolysis of intestinally derived lipoproteins. J. Lipid Res. 1994. 
35: 2105-2113. 
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Immoderate ethanol consumption is associated with 
abnormal triglyceride (TG) metabolism that can lead to 
hypertriglyceridemia ( H E )  and fatty liver disease (1). 
The molecular pathologies of these disorders involve 
several organs and multiple proteins, whose expression in 
response to ethanol may be genetically determined. The 
lipolytic activities in plasma and adipose tissue liberate 
fatty acids that can be used for hepatic production of the 
TG secreted in very low density lipoproteins (VLDL). An 
acute amount of ethanol creates an increase in hepatic TG 
that might occur through the coordinate effects of ethanol 

on several metabolic pathways. Ethanol is metabolized in 
preference to fatty acids as a source of energy (2), thereby 
causing accumulation of dietary or endogenously synthe- 
sized fat in the liver. There is a concurrent increase in SR- 
glycerol-3-phosphate, the initial acyl acceptor in TG syn- 
thesis (3). Moreover, ethanol increases hepatic secretion 
of lipoproteins in subjects who have a limited capacity to 
clear TG from plasma (4). Ethanol has been found to in- 
crease plasma nonesterified fatty acids (NEFA) (5, 6), 
although data on this key point conflict (7-10). Herein we 
describe the interactions of ethanol with different kinds of 
oral fat loads and the effects on plasma concentrations of 
NEFA, TG, and chylomicrons. 

MATERIALS AND METHODS 

Study subjects 

Potential subjects were screened to exclude those who 
had diabetes mellitus, plasma cholesterol levels > 200 
mg/dl, fasting plasma TG >lo0 mg/dl, hypertension, a 
history of renal or hepatic disease, or body weight greater 
than the 1960 Metropolitan Table Standards for a 
Medium Frame. Individuals who exercised regularly, 
used prescription medication or tobacco, or consumed 
more than 75 ml of ethanol per day were also excluded. 
The resulting study population contained six male sub- 
jects. The pre-entry lipid data are summarized in 
Table 1. 

Dietary fat load 
At intervals of more than 2 weeks, various ethanol 

and/or fat loads were given to each subject after a 12-h 
fast. Participants were advised not to consume ethanol 

Abbreviations: HDL-C, high density lipoprotein-cholesterol; LPL, 
lipoprotein lipase; RP, retinyl palmitate; TG, triglycerides; HTG, hyper- 
triglyceridemia; VLDL, very low density lipoproteins; NEFA, 
nonesterified fatty acids; LR, lipolytic response. 
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TABLE 1. Entry level body weight and plasma lipid levels 

Mcan (SI)) 

Triglycerides, mg/dl" 93 (39) 
Total cholesterol, mg/dl 162 (36) 
HDL-C, mg/dl 48 (14) 
Body mass index' 23 (0.9) 
Weight, kg 69 (9) 

"The mean 

'Body mass index is expressed in (weight in kg)/(height in m)*. 

SD for the fasting T G  level measured at the beginning 
of each of the eight tests was 102 + 52 mg/dl. 

during the 24 h before the fat tolerance test. The sizes of 
the fat loads were calculated to provide 65, 33,  and 22 g 
fat/m* body area; these values corresponded to loo%, 
50%, and 33% fat loads, respectively. Heavy whipping 
cream was the source of the saturated fat load, and 
Microlipid (Chesebrough-Pond's, Inc., Greenwich, CN) 
was the source of the polyunsaturated fat load. Each fat 
load contained 100,000 units of vitamin A. An omega-3 
polyunsaturated fat load was prepared by substituting 
20 g of ProMega (Parke-Davis, Morris Plains, NJ) for an 
equal weight of polyunsaturated fat. The fatty acid analy- 
sis of each fat load was determined by gas chromatogra- 
phy of the methyl esters that were liberated by trans- 
esterification of an aliquot with methanolic base and 
boron trifluoride (Table 2). The 50% fat load tests were 
repeated with the addition of 13 fluid ounces (370 ml) of 
dry white wine (40 ml ethanol). The entire fat load and 
ethanol were consumed in 15 min. Control tests were per- 
formed to determine the effect of ethanol without fat and 
the effect of fasting. 

The fat tolerance tests were conducted in the General 
Clinical Research Center of The Methodist Hospital. Be- 
fore consuming the fat load, each subject was fitted with 
a venous catheter from which 5 ml of blood was collected 

Although there is some exchange of RP with other lipo- 
proteins, the amount is small during the first 8 h after 
consumption of a fat load (12). Enzyme-based assays 
(Boehringer-Mannheim, Indianapolis, IN)  were used to 
measure plasma TG and ethanol. RP was measured by 
high performance liquid chromatography; retinyl acetate 
was used as an internal standard (13). The plasma RP was 
expressed as the ratio of retinyl palmitate to retinyl ace- 
tate. Inspection of the absorption spectra of other peaks 
in the chromatogram showed that they did not contain the 
retinyl chromophore, a result that suggests that nearly all 
of the retinyl esters that were formed on the three diets 
contained the palmitate moiety. NEFA levels were deter- 
mined by a gas chromatographic method that also gave 
the fatty acid composition (14). 

VLDL isolation and fatty acid analysis 

After removal of chylomicrons by low speed ultracen- 
trifugation, the VLDL were isolated by flotation for 18 h 
at d 1.006 g/ml at 45,000 rpm in a Beckman Ti60 rotor. 
The lipids were extracted and the TG was isolated by 
thin-layer chromatography. The fatty acid compositions 
of the V L D L - E  were determined by gas chromato- 
graphic analysis of the methyl esters liberated by trans- 
esterification with boron trifluoride in methanolic base 
(15). 

Statistical tests 

Comparisons of individual points were conducted 
using Student's t-test for paired variables. The ethanol- 
induced differences between the lines defining the time 
dependence of TG and RP were determined by multiple 
regression using dummy variables (16). The data were 
analyzed as a linear combination of the equations for the 
two lines that were compared. The equation for the 

periodically. The first collection was immediately before 
the fat load was consumed; additional collections were at TABLE 2. Composition of the oral fat loads" 

0.5 h, 1 h, and every hour thereafter up to 8 h after con- 
sumption. On the morning of the day of the test, a saline 
lock with a 3-way stopcock was placed in one upper ex- 
tremity for blood collection. The line was kept open with 
a saline drip of 30 ml/h and flushed with saline after each 
sample was collected. During the collection period, the 
participants were involved in passive activities. They con- 
sumed no food and only noncaloric drinks during this 
period. The protocol was reviewed by the institutional 
review boards of Baylor College of Medicine and The 
Methodist Hospital. All subjects gave informed consent 
and received $400 after completing all of the tests. 

Lipid assays 

Omega-3 
Polyunsaturated Polyunsaturated Saturated 

Fat Load Fat Load Fat Load 

Carbohydrate (5) 
Protein (5) 
Cholesterol (mg) 

Fat (9) 
Fatty acids (% of 
total fatty acids) 
14:O 
16:O 
16:l 
18:O 
18:l 
18:2 
20:4 

17 

1 

0 
65 

1.94 
8.54 
2.87 
2.47 

12.23 

17 
1 

0 
65 

0.24 
7.58 
0.09 
2.59 

12.45 

24 
5 

165 
65 

12.28 
36.51 
1.33 

18.12 
26.89 

59.93 76.92 4.87 
0.00 0.00 0.00 

At each time point after the fat load, the blood was 20:5 8.51 0.00 0.00 
22:6 3.50 0.12 9.00 analyzed for ethanol, TG, NEFA, and retinyl palmitate 

(RP), which labels intestinally derived particles (11). "Based on the 100% load, which contained 65 g of fat. 
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second line was multiplied by a dummy variable of 0 for 
the first equation and 1 for the second equation. All of the 
data were analyzed by multiple regression and the param- 
eters for analysis of variance were calculated. An F-test 
was applied to determine whether the additional terms 
were justified. The null hypothesis, which stated that the 
curves were coincident, was rejected on the basis of a 
small P value. 

RESULTS 

Effect of fat load dose on postprandial lipemia 
With the smallest saturated fat load (33% = 22 g 

fat/m2 body area), the lipemia peaked after 3 h and 
returned to baseline values after 8 h (Fig. 1, panel A). 
Similarly, the R P  for this fat load peaked at 4 h and 
declined to near the baseline level at 8 h (Fig. 1, panel B). 
Increasing the saturated fat load to 50% (33 g fat/m2 body 
area) did not significantly change the magnitude of the 
lipemia, but the peak time for lipemia was shifted from 3 
to 4 h after consumption. The appearance and clearance 
of R P  was not affected significantly by this increase. In 
contrast, increasing the fat load from 50% to 100% (65 g 

g 20 

2 10 

F 

x 15 

\ 
n 
= 5  

0 
0 2 4 6 8  

Hours 
Fig. 1. 
R P  (B). Fat loads were (0-0) 10076, (V--V) 50%, and (v .. v) 33%. 
The postprandial changes in the T C  levels are expressed as fractional in- 
creases, whereas changes in R P  are given as the ratio of retinyl palmitate 
to retinyl acetate. Asterisks indicate the time points after the 100% 
(65 g/mz body area) fat load that were significantly different (P < 0.05) 
from those found after the 33% and 50% fat loads. Differences between 
the effects of 33% fat load and the 50% fat load were not significant. 
Curves are plotted as third-order lines of regression. 

Effect of various doses of saturated fat on plasma TG (A) an, 

o 
L 
0 

0 2 4 6 8  
Hours 

Fig. 2. Effect of fatty acid composition of oral fat loads (50 g/mZ 
body area) on (A) plasma TG and (B) plasma RP. Fat loads were: 
(0-0) sat. diet, (V---V) poly. diet and (v  .. v) omega-3 diet. 
Asterisks (P < 0.05) and crosses (P < 0.01) indicate the time points in 
the saturated fat load that were significantly different from those of the 
polyunsaturated and omega-3 polyunsaturated fat loads. There were no 
significant differences between the effects of the polyunsaturated and 
omega-3 polyunsaturated fat loads on either plasma TG and RP. The 
lines are plotted as third-order lines of regression. 

fat/m* body area) had a dramatic effect on both postpran- 
dial lipemia and plasma R P  clearance. The fat load had 
been doubled, but the increase in plasma TG was much 
more than twofold greater and the peak lipemia was 
shifted to between 5 and 6 h. Eight h after consumption 
of the 100% saturated fat load, the lipemia still exceeded 
baseline plasma TG levels. Concurrently, the maximum 
value for plasma R P  was delayed: it was not reached until 
the end of the fat load test (Fig. 1, panel B). 

In some of our tests with large fat loads, two peaks for 
lipemia were observed. The second peak may have been 
due to hepatic utilization of NEFA derived from chylo- 
micron hydrolysis for VLDL-TG synthesis and secretion. 
To avoid complicated analysis of the changes in multiple 
peaks, we selected the 50% fat load, which was not associ- 
ated with bimodal lipemia. The effects of the saturated, 
polyunsaturated, and omega-3 polyunsaturated fat loads 
on postprandial lipemia are compared in Fig. 2, panel A. 
These data show that the lipemic responses found after 
the polyunsaturated and omega-3 polyunsaturated fat 
loads peaked earlier and were lower in magnitude than 
those observed following the saturated fat load. Plasma 
R P  levels after the saturated fat load were also much 
higher than those, after the polyunsaturated or the 
omega-3 polyunsaturated fat loads (Fig. 2, panel B). 

Plasma TG levels did not change during the 8-h fasting 
interval that followed the overnight fast. In contrast, con- 
suming only ethanol after an overnight fast caused a mild 
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but significant elevation of plasma TG (Fig. 3, panel A). 
Without exception, oral ethanol amplified the lipemia ob- 
served during fasting or when added to an oral fat load 
containing saturated, polyunsaturated, and omega-3 
polyunsaturated fat. Figure 3, panels B-D, shows the 
effects of consuming ethanol with saturated, polyunsatu- 
rated, and omega-3 polyunsaturated fat loads. In all three 
cases, consumption of ethanol with the fat load increased 
the magnitude and duration of lipemia. This effect was 
greatest with the saturated fat load: the magnitude of lipe- 
mia was increased by a factor of two and the lipemic max- 
imum was shifted from 3 h to 5 h. The accumulation of 
ethanol in plasma was also affected by addition of the fat 
load to the oral ethanol dose. In the absence of oral fat, 
plasma ethanol peaked at 50 f 10 mg/dl at 0.5 h and 
had a clearance half time of 3 h; a combination of ethanol 
with 50% saturated fat gave a peak plasma ethanol of 
35 5 mg/dl with a half time of 4 h (data not shown). 

Invariably, postprandial plasma RP levels were in- 
creased by the addition of ethanol to the fat loads (Fig. 4). 
The increases were greatest when ethanol was added to 

21. 
A 

0 '  
0 2 4 6 8  

HOURS 

Fig. 3. Effect of ethanol on plasma TG; (A) fasting; (B) sat. diet; 
(C) poly. diet; (D) omega-3 diet; (0) control; (0) + ethanol. Data were 
best fitted to third-order lines of regression; curves for control and 
ethanol tests were significantly different (A, P < 0.001; B, P < 0.01; C, 
P < 0.05; D, P < 0.0001). 

40 
( A  0 

low _ _ _ _ _ _ _ _ _ _ _ _ _ _ - -  

-10- 
0 2 4 6 0  

HOURS 

Fig. 4. Effect of ethanol on the appearance of plasma RP; (A) sat. diet; 
(B) poly. diet; (C) omega-3 diet. (0) control; (0) + ethanol. Data were 
best fitted to fourth-order lines of regression; curves for control and 
ethanol tests were significantly different (A, P < 0.005; B, P < 0.01; C, 
P < 0.01). 

the polyunsaturated and omega-3 polyunsaturated fat 
loads. In addition, ethanol appeared to increase the time 
required for plasma RP to reach its peak value. The 
greatest differences between the control and the ethanol- 
supplemented fat loads were apparent at the later time 
points. 

Comparison of panels A and B of Fig. 5 shows that the 
addition of ethanol to an oral saturated fat load is associ- 
ated with a significant reduction in the lipolytic response 
observed when the fat load was consumed without ethanol. 
After 4 h, the differences between the plasma NEFA for 
the saturated fat load and for the saturated fat load with 
ethanol were statistically significant for oleate and palmi- 
tate, the major fatty acids in the fat loads (Table 3). Simi- 
larly, the polyunsaturated fat load with ethanol demon- 
strated a greatly reduced lipolytic response (Fig. 5, panels 
C and D); this result was particularly apparent in the 
plasma levels of free linoleate, the major fatty acid in the 
fat load (Table 3). However, there was no significant 
change in the plasma levels of the NEFA species that were 
not components of the fat load, an effect that was indepen- 
dent of the addition of ethanol. 
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Fig. 5. Time dependence for the appearance of individual fatty acid 
species in plasma following an oral saturated fat load with and without 
the addition of ethanol. (A) sat. diet; (B) sat. diet + ethanol. The NEFA 
were myristate (C,,,, 0), palmitate (C,,,,, A), stearate (C,,,,, V), 
oleate (C,,,, O), linoleate (CIx2, 0). and arachidonate (C,,,.,, A). 

The plasma concentrations of different NEFA species in 
plasma after ingestion of the various fat loads were differ- 
ent with and without ethanol. In the absence of ethanol, 
plasma NEFA reached the maximum level between 4 and 
5 h (Fig. 5, panels A, C, and E). The major NEFA species 
found were those of the fat load: oleate and palmitate were 
the most abundant plasma fatty acids observed after the 
saturated fat load, and linoleate was the most prominent 
NEFA after the polyunsaturated fat loads. NEFA species 
that were not in the fat loads, such as arachidonate, did 
not change significantly over the 8-h test interval. 

If the increases in the NEFA were only due to the 
hydrolysis of fat derived from the fat load, there should be 

a linear relationship between the difference between fast- 
ing and postprandial NEFA and the fatty acid composi- 
tion of fat loads. We defined the lipolytic response (LR) 
as the difference between the amount of a given fatty acid 
found before the fat load and 4 h after its consumption 
(Table 3), which was the time point of maximal lipemia. 
We expressed this value as 

LR = (PP-NEFAi - F-NEFAi) Eq. 1) 

where PP-NEFA; and F-NEFAi represent the postpran- 
dial and fasting plasma concentrations of the ith fatty acid 
and NEFA; indicates C14:0, C16:0, etc. The percent lipo- 
lytic response (LR%) may be calculated from 

LR% = LR/[C(PP-NEFAi - F-NEFA;)] x 100% Eq. 2) 

After the saturated fat load, there was a strong linear 
relationship between the percent lipolytic response and 
the fatty acid composition of the fat load (Fig. 6). The 
slope of the line is nearly unity, which suggests a correla- 
tion between the composition of the fat load and the com- 
position of the additional fatty acids liberated by lipolysis. 
A similar relationship was found with the polyunsaturated 
and omega-3 polyunsaturated fat loads (data not shown). 
Thus, in the absence of oral ethanol, the compositions of 
the increases in plasma NEFA, as expressed by LR%, 
were nearly identical to those of the fat loads. In contrast, 
when the saturated fat load was consumed with ethanol, 
the correlation between LR% and the composition of the 
fat load was much less than unity (Fig. 6). 

In order to determine whether fatty acids of dietary ori- 
gin are used for VLDL synthesis, the fatty acid composi- 
tions of the VLDL--E were analyzed immediately before 
and 4 h after consumption of the omega-3 polyunsatu- 
rated fat loads with and without ethanol. The amounts of 
both eicosapentaenoate and docosahexaenoate in the 
VLDL-TG were increased following the fat load without 

TABLE 3. Postprandial NEFA (pmol/ml) as a function of dietary fatty acid composition and ethanol (n = 6) 

Sat. Fat + Poly. Fat + Omega-3 + 
Sat. Fat Ethanol Poly. Fat Ethanol Omega-3 Ethanol 

Fatty Acid 0 h 4 h  O h  4 h  O h  4 h  O h  4 h  O h  4 h  O h  4 h  

14:O 
16:O 
16: 1 
18:O 
18:l 
18:2 
20:4 
20:5 
22:6 

Total 

~ 

0.026 0.14 0.018 0.053O 
0.40 0.68 0.32 0.38" 
0.046 0.08 0.030 0.03" 
0.11 0.21 0.11 0.16 
0.42 0.68 0.33 0.26' 
0.44 0.51 0.36 0.30" 
0.067 0.08 0.051 0.056 
0 0 0 0 
0 0 0 0 

1.51 2.38 1.22 1.23" 

~ ~~ ~~ ~~ __ ~ 

0.037 0.030 0.016 0.02 0.016 
0.36 0.42 0.34 0.34 0.32 
0.045 0.05 0.030 0.030 0.041 
0.11 0.11 0.12 0.12 0.076 
0.42 0.45 0.29 0.25" 0.30 
0.43 0.96 0.37 0.64 0.39 
0.079 0.11 0.07 0.06 0.053 
0 0 0 0 0.0024 
0 0 0 0 0.010 

1.48 2.12 1.23 1.45 1.22 

0.026 0.016 0.012" 
0.41 0.31 0.30 
0.046 0.022 0.016' 
0.10 0.11 0.11 
0.40 0.20 0.18' 
0.94 0.32 0.49" 
0.070 0.069 0.069 
0.009 0.0031 0.006 
0.015 0.017 0.018 

2.01 1.07 1.19" 
~ ~ ~~ 

Fat vs. fat + ethanol, "P < 0.05; 'P < 0 01; 'P < 0.005 
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Fig. 6. Reduction in lipolytic response by ethanol following an oral fat 
load composed of saturated fat. Correlation of the lipolytic response 
(defined by equation 2, LR% = LR/[C(PP-NEFA ~ F-NEFA)] x 
100%) is shown for saturated fat (0, R = 0.957) and saturated fat + 
ethanol (0, R = 0.299). 

ethanol (Table 4). In contrast, the levels of these two fatty 
acids, which in these tests were exclusively of dietary ori- 
gin, were significantly reduced when the ethanol was 
added to the fat load. 

DISCUSSION 

Increases in TG-rich lipoproteins that can cause the 
lipolytic capacity of plasma to be exceeded are expected 
to be a function of plasma lipoprotein lipase (LPL) levels 
and the rate of secretion of TG-rich lipoproteins (17-19). 
Others have shown that a change of diet has little effect 
on the plasma postheparin lipolytic activity (20, 21). In 
this study, the rates of clearance of plasma triglycerides 
after a fat-rich meal were a function of the quality and 
quantity of the fat load. Increasing the fat load from 33% 
to 50% resulted in a small increase in the magnitude of 
the lipemia. However, doubling the load from 50% to 
100% increased the plasma triglycerides by more than a 
factor of five. Moreover, the peak lipemia was shifted from 
3 h to 5 h when the fat load was increased to 100% (Fig. 
1, panel A). Plasma retinyl palmitate showed a similar 
delay in clearance (Fig. 1, panel B). Cohen, Noakes, and 
Spinnler Benade (22) investigated the effects of fat dose on 
postprandial lipemia and obtained some results similar to 
ours. They also observed that the increased dose delayed 
the peak lipemia. However, they reported a response 
different from the one observed in our population: post- 
prandial lipemia increased linearly with fat dose. For our 
study group, we observed that the capacity of the lipolytic 
machinery of plasma may be exceeded between 50% and 
100% of the standard saturated fat load. This lipemia is 
due to chylomicrons and their remnants. To avoid the 
ambiguities of overloading the lipolytic capacity of 

plasma, the 50% fat load was used in the remainder of the 

In vitro pdyunsaturated fats are hydrolyzed more 
rapidly than saturated fats (23, 24). This finding corre- 
lates with the observation that clearance of plasma TG 
derived from dietary polyunsaturated fats is more rapid 
than clearance of those derived from saturated fats (Fig. 
2). The  increase in plasma R P  after the saturated fat load 
was significantly greater than that after either of the poly- 
unsaturated fat loads. Concurrently, there was an in- 
crease in the plasma NEFA which had a fatty acid compo- 
sition that corresponded to that of the fat load (Fig. 5). 
Therefore, the increase in plasma TG is likely to be of 
dietary origin. If the higher plasma R P  levels correspond 
to chylomicrons or their remnants (12), the source of the 
increased lipemia is due to either more rapid secretion of 
chylomicrons after the saturated fat load or a lower rate 
of clearance of chylomicrons composed of saturated fat. 
As the quality of the diet has little effect on intestinal ab- 
sorption and the plasma postheparin lipolytic activity (20, 
21), the increase in plasma RP level is probably due to a 
mechanism that makes the chylomicrons formed after the 
polyunsaturated diets more susceptible to lipolysis (23, 
24). 

Postprandial lipemia is even more profound when an  
oral fat load is supplemented with intoxicating quantities 
of ethanol (25-28). O u r  data support the hypothesis that 
oral ethanol inhibits lipolysis of chylomicrons, although 
the mechanism by which this occurs is not clear. The  most 
compelling evidence derives from the effects of ethanol on 
the levels and compositions of plasma triglycerides and 
NEFA after a saturated fat load. In the absence of ethanol, 
a saturated fat load induces a distinct lipemia (Fig. 3, 
panel B) with the liberation of NEFA having the composi- 
tion of the fat load (Fig. 5). Addition of ethanol to the 
saturated fat load was associated with increased lipemia 
(Fig. 3, panel B) without the appearance of plasma NEFA 
of dietary origin (Fig. 6). Thus, the ethanol-induced am- 
plification of postprandial lipemia and the concomitant 
reduction in plasma NEFA with the same composition as 
the fat load make it likely that ethanol enhances postpran- 
dial lipemia by inhibiting LPL activity against intestinally 
derived lipoproteins. A fortuitous ethanol-induced in- 
crease in the rate of NEFA uptake might equal that of 

tests. 

TABLE 4. Percent omega-3 fatty acid content of VLDL (n = 6) 

Eicosapentaenoate Docosahexanoate 

Control Ethanol Control Ethanol 
Hour Post 
Ingestion 

0 
4 
8 

0.2 0.0 0.5 0.0 
0.5 0.4 0.5 0.0 
2.8 0.8" 1.7 0.Zb 

"P < 0.05; 'P < 0.01, paired Student's t-test; other differences were 
not significant. 
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chylomicron hydrolysis, thereby leading to the reduction 
in postprandial NEFA. However, plasma levels of arachi- 
donate, which was not in the fat load, can be used as a 
marker for endogenous free fatty acids. As panels A and 
B of Fig. 6 indicate, there was no change in the arachi- 
donate levels over the entire 8 h after fat loads consumed 
with or without ethanol. Therefore, it does not appear 
that transport of fatty acids between plasma and adipose 
tissue is greatly changed by consumption of ethanol. Over 
short time intervals, R P  is a reliable marker for intesti- 
nally derived lipoproteins (12); the data from measure- 
ment of this marker are consistent with a delay in clear- 
ance of chylomicrons and their remnants that could be 
due to inhibition of chylomicron lipolysis. 

The ethanol-induced enhancement of lipemia after a 
polyunsaturated fat load was less profound than that 
found after a saturated fat load. Moreover, ethanol did 
not totally suppress the release of postprandial NEFA 
after a polyunsaturated fat load. However, the amount of 
free linoleate found 4 h after the fat load consumed with 
ethanol was significantly lower than that observed for the 
polyunsaturated fat load consumed without ethanol. 
These data are consistent with our other observations and 
the data of others (23, 24) that show that polyunsaturated 
fats are better substrates for LPL (Fig. 3). Although LPL 
activity against intestinally derived triglycerides is lower 
when ethanol is added to a polyunsaturated fat load, there 
is apparently enough activity to hydrolyze the more reac- 
tive substrates, which contain polyunsaturated fat. 

The mechanism of lipemia after co-consumption of 
ethanol and fat is not known. One possibility is that ace- 
tate derived from ethanol oxidation is used for additional 
hepatic lipogenesis. If the additional fatty acids are incor- 
porated into VLDL-TG and secreted, plasma TG levels 
would be expected to increase. These additional VLDL 
could be competitive inhibitors of the LPL-mediated 
hydrolysis of intestinally derived lipoproteins. A number 
of pieces of evidence argue against this interpretation. 
First, Fig. 3A shows that in the absence of a fat load, the 
increase in postethanolic triglycerides does not occur until 
the sixth hour. In contrast, the postprandial differences 
between the plasma triglycerides observed with and 
without consumption of ethanol are already apparent by 
the second hour (Fig. 3, panels B-D). Thus, increased 
VLDL-TG is not likely to be the cause of chylomicron- 
emia at the earlier time points. The linear relationship be- 
tween postprandial lipemia and fasting TG levels also 
makes this mechanism improbable (23). Our data (Fig. 3, 
panel A) show an increase in postethanolic TG of about 
50%. A simple competitive inhibition should be associ- 
ated with only a 50% increase in postprandial lipemia. 
However, the enhanced lipemia exceeds 200% (Fig. 3, 
panels B and C). Therefore, the evidence is not totally 
consistent with a model for simple competitive inhibition 
by VLDL. In addition, stable isotope measurements show 

that, compared to dietary fat intake, endogenous synthe- 
sis of fatty acids makes a relatively minor contribution to 
VLDL-palmitate (29, 30). 

The enhanced lipemia could also be due to the hepatic 
utilization of fatty acids of dietary origin for VLDL-TG 
synthesis and secretion, an effect reported for fat loads ad- 
ministered without ethanol (31). If this were the case, the 
composition of the VLDL-TG would include those fatty 
acids derived from the fat load. However, as Table 4 indi- 
cates, ethanol reduces the amount of eicosapentaenoate 
and docosahexaenoate in VLDL-TG. A possible explana- 
tion for this result is that there is less hydrolysis of 
chylomicrons, which are the only source of these two fatty 
acids in our studies. 

Although ethanol-induced H E  has been variously at- 
tributed to alterations in intestinal absorption and secre- 
tion, inhibition of lipolysis in adipose tissue, decreased 0- 
oxidation, and increased lipogenesis (l), other studies 
have shown that ethanol significantly reduces plasma 
NEFA without affecting the rate of NEFA removal from 
the plasma compartment (10, 32). This effect was assigned 
to the ethanol-induced inhibition of the release of NEFA 
from adipose tissue, presumably through an effect on 
hormone-sensitive lipase. An alternative explanation that 
is also consistent with these observations is that ethanol 
indirectly inhibits LPL lipolysis of VLDL. The same 
mechanism associated with inhibited VLDL lipolysis in 
fasting subjects might be involved in the inhibition of 
chylomicron lipolysis in subjects who consume ethanol 
with a fat load. Although physiological concentrations of 
ethanol have no effect on in vitro lipolysis (27, 33), there 
is no consensus on the effects of oral ethanol on LPL ac- 
tivity. Postheparin lipolytic activity has been reported to 
decrease (34, 35) or to remain unchanged (26, 28) after 
acute ethanol intake. Mishra et al. (36) reported that a 
constant infusion of ethanol is associated with a decrease 
in plasma apolipoprotein B-100; they assigned this effect 
to a decreased conversion of VLDL to LDL. They also 
observed an ethanol-associated delay in the release of 
postheparin LPL that could also be interpreted as a lower 
plasma LPL activity. Our results are consistent with, but 
do not prove, a decrease in LPL activity. 

The effects of ethanol on lipolysis are mediated by ace- 
tate, one of its oxidation products (7, 10). However, the 
addition of acetate did not produce a measurable differ- 
ence in fatty acid release when an artificial emulsion con- 
taining apoC-I1 was treated with pure bovine milk lipo- 
protein lipase (L. C. Smith, private communication). The 
effects of acetate on LPL may differ in vivo, where the en- 
zyme is bound to the capillary endothelium. There is 
some evidence that the plasma of individuals that are sus- 
ceptible to ethanolic lipemia contains a factor that inhibits 
lipoprotein lipase (37). The activation or release of this or 
another inhibitory factor into plasma might be elicited by 
acetate, but this question remains open. 

__ 
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Although the mechanism is unknown, preprandial 
ethanol and the magnitude and duration of lipemia are 
clearly associated. Impairment of the lipolysis of intesti- 
nally derived lipoproteins appears to be the cause of this 
association. This effect is particularly acute following an 
oral load of saturated fat. One of the main medical con- 
cerns for subjects who are susceptible to ethanol-induced 
HTG is the risk for pancreatitis and fatty liver disease. 
HTG and the attendant low plasma levels of high density 
lipoprotein-cholesterol (HDL-C) are also risk factors for 
atherosclerosis (38, 39), although no clear mechanistic 
connection between elevated TG and vascular disease has 
been proved. However, elevation of the late phase of post- 
prandial lipemia is reportedly a better predictor of coro- 
nary artery disease than plasma HDL-C (40). As a conse- 
quence, it has been recommended that elevated plasma 
TG (> 200 mg/dl) be treated by diet, exercise and drugs 
taken singly or in various combinations. Our data show 
that the anti-lipolytic effects of ethanol are lower with a 
diet composed of polyunsaturated fat. Therefore, it may 
be prudent to consider reduction of the intake of dietary 
saturated fat in patients who consume ethanol and who 
are susceptible to diet- or ethanol-induced lipemia. A 
more definitive recommendation will depend on addi- 
tional studies in a larger population that includes hyper- 
triglyceridemic subjects. I 
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