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Fish oils rich in eicosopentaenoic acid (EPA) are potent hypotriglyceridemie agents in both normal 
subjects and in hypertriglyceridemic patients. However, the rapidity with which fish oil exerts this 
effect has not been studied systematically, nor has the temporal relationship between decreasing 
triglyceride levels and increasing EPA and low density lipoprotein cholesterol (LDL-C) levels been 
defined. To examine these interactions, we recruited 9 normal subjects who were given a single dose 
o f f i sh  oil (0.25 g/kg) and 5 other subjects who were given a single dose o f  a saJflower oil placebo. 
Fasting plasma triglyceride levels were measured at baseline and at 24, 48, and 72 hr post-dosing. In 
a second study, a group o f  5 hypertriglyceridemic patients were given 12 capsules of f ish oil~day for  14 
days. Plasma triglyceride and LDL-C levels were measured at baseline and every 2-3 days thereafter, 
including a lO-day washout period. In the single dose study, triglyceride levels decreased by 15% at 
24 hr and 16% at 48hr (P < 0.001 both), and began to normalize at 72 hr. Triglyceride levels in the 
placebo group did not change significantly. Plasma EPA levels increased 4-Jold at 24 hr, and then 
began to return towards baseline. In the multiple dose study, fish oil began lowering triglyceride levels 
by day 1, and continued doing so through day 14 (7.97 +- 3.06 to 4.57 +- 1.58, P < 0.01). LDL-C levels 
began rising immediately from 2.51 +- 0.87 mM/L  at baseline to a plateau o f  3,65 + 0.59 (P < 0.01) 
after only 4 days. Both triglyceride and LDL-C levels returned toward normal in the washout period. 
We conclude that fish oil treatment altered plasma EPA levels veo' quickly, and produced measurable 
decreases in triglyceride levels which were preceded by increases in LDL-C levels. 
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Introduction 

Fish oils rich in the n-3 fat ty acids eicosapentaenoic  
acid (EPA) and docosahexaenoic  acid (DHA) are par- 
ticularly effective in the t reatment  of  hypertriglycer- 
idemia, l Unfortunately,  the exact  mechanisms by 
which they affect p lasma lipid and lipoprotein metabo-  
lism are still unclear.  There  is evidence that the hypo- 
tr iglyceridemic effect may be transient,  2 and that po- 
tentially adverse  effects on low density lipoprotein 
(LDL) cholesterol  (C) may accompany  the triglyceride 
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lowering effect. 3"4 In spite of  these uncertainties,  evi- 
dence for a cardioprotect ive  effect of  n-3 fatty acids 
continues to accumulate .  56 

In the vast  majority of  published studies involving 
fish oil, the acute changes (those occurring within 
days) in p lasma lipid levels have not been reported,  
and thus, the rate at which triglyceride and LDL-C 
levels change are unknown.  Likewise,  how these pa- 
rameters  correlate with changes in serum levels of  
EPA in the short term is unexplored.  In this paper,  
we report  the results of  two separate  studies, which, 
together,  address  the following three questions: (1) 
What  is the effect of  a single dose of fish oil on plasma 
triglyceride and EPA levels'? (2) How does a 2-week 
regime of fish oil supplementat ion affect p lasma tri- 
glyceride,  L D L - C  and H D L - C  and EPA levels? (3) 
How rapidly do these lipids return to normal when fish 
oil is s topped? Unders tanding these relationships may 
help to clarify the mechanisms  by which n-3 fatty acids 
impact human lipid metabol ism.  
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Table 1 Principal fatty acids of the fish oil preparation* 

Fatty Acid Percent 

14:0 8.0 
16:0 16.8 
18:0 2.2 
16:1 8.4 
18:1 8.6 
18:2 n-6 1.3 
18:3 n-3 1.0 
18:4 n-3 33 
20:5 n-3 22.6 
22:5 n-3 2.1 
22:6 n-3 11.3 

* Twin Labs, Inc., Ronkonkoma, NY, USA. 

Materials and methods 

Single dose study 

Fourteen normolipidemic volunteers (mean age 33) 
were divided randomly into two groups. The first 
group (5 females, 4 males) received 10-20 capsules 
of  fish oil (1 capsule/4 kg body weight). Each l-gram 
capsule (Dale Alexander ' s  Omega-3 Oil, Twin Labs,  
Inc., Ronkonkoma,  NY, USA) contained 198 mg of 
EPA plus DHA. The dose of n-3 FAs was about 50 
mg/kg. The second group (3 females, 2 males) re- 
ceived the same number  of placebo capsules con- 
taining safflower oil. The entire dose was consumed 
after an overnight fast as a bolus (within 5 minutes) 
before the subject 's  normal breakfast. Blood was 
drawn at baseline, 24, 48, and 72 hr post-dosing, al- 
ways in the fasting state. 

Multiple dose study 

Five patients with primary,  isolated hypertriglycerid- 
emia (Type IV) were recruited (2 males, 3 females). 
Their  mean age was 53; two were overweight,  but 
none were obese.  All patients were newly diagnosed, 
were not consuming low-fat diets or taking drugs 
known to affect lipid metabolism. Secondary hypertri- 
glyceridemias were ruled out. Hypertr iglyceridemic 
patients were selected for this study because one of 
our goals was to study the effects of  fish oil on LDL-C 
levels, and these only change in patients fed fish oil, 
not in normals. The patients were instructed not to 
change their usual home diets throughout the study. 
A fixed dose of  fish oil (12 capsules/day providing 2.4 
g n-3 fatty acids) was given for 14 days. This intake 
was chosen because it was felt to represent a clinically 
feasible dose. Dosing was stopped after 14 days, and 
the rate at which blood lipids, EPA, and DHA re- 
turned towards normal was followed over  the subse- 
quent 10 days. (Unfortunately,  a longer washout pe- 
riod was not logistically feasible with these pateints.) 
Blood for lipid profiles and plasma phospholipids fatty 
acid levels was drawn at baseline, then daily for the 
first 4 days, and then twice a week for the next 3 
weeks. Informed consent  was obtained from all parti- 
cipants, and the protocol  was approved by the Human 
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Subjects '  Committee at the University of Kansas 
Medical Center.  

Lipid analysis 

Blood was drawn with minimal stasis into tubes con- 
taining i mg EDTA/ml  and centrifuged at 1500g for 10 
min to obtain plasma. The plasma phospholipid fatty 
acids (FAs) were determined as follows: The plasma 
lipids were extracted with chloroform:methanol (2:1), 
and the phospholipids were isolated by thin-layer 
chromatography on silica gel G with hexane:diethyl 
ether:chloroform:acet ic  acid (80:10:10:l, vol:vol). The 
phospholipid FAs were methylated with boron triflu- 
oride and analyzed by gas chromatography (GC- 
9A, Shimadzu Instrument Company,  Columbia, MD, 
USA) with a 30-m, 0.32mm-id, SP-2330 capillary col- 
umn (Supelco, Inc.,  Bellefonte, PA, USA). The oven 
was set at 175 ° C for 2 rain, then increased at 5 ° C/ 
min to 210 ° C; the detector  and injector were set at 
250 ° C. The carrier gas was N 2. FAs are reported as 
percent of total FA methyl esters. The plasma was 
analyzed for cholesterol,  7 and triglycerides 8 by enzy- 
matic methods on an ABA 200 bichromatic analyzer 
(Abbott Diagnostics, Irving, TX, USA). The plasma 
HDL-C levels were measured after the apolipoprotein 
B containing lipoproteins were precipitated with a 
mixture of heparin and manganese chloride. 9 The 
V L D L  fraction (d < 1.006) was removed by aspiration 
after spinning 0.175 mL of plasma at 100,000 rpm for 
I hour in a Beckman TL-100 ultracentrifuge using a 
TLA-100 rotor. ~° LDL-C was determined by sub- 
tracting HDL-C from the cholesterol content of the 
d > 1.006 fraction. 

Statistics 

All the data are expressed as means +- SD. ANOVA 
with repeated measures and multiple comparisons was 
used. Differences were assessed by Duncan's  test. A 
P value of <0.05 was considered significant. 

Results 

Single dose study 

Triglycerides showed a significant decrease from 1.09 
mmol /L  to 0.91 m M/L  (15%, P < 0.01) as early as 24 
hr after the single dose of  fish oil (Figure 1). Eight of 
the nine subjects showed this decrease at day 1. At 48 
hr triglyceride levels were still significantly reduced 
(0.90 mmol /L;  16% below baseline; P < 0.01), but at 
72 hr they had largely normalized, rising to 0.96 retool/ 
L (N.S.). The plasma triglyceride levels in the placebo 
group did not change significantly (Figure 1). EPA lev- 
els in plasma phospholipids followed the opposite 
course, rising rapidly within 24 hr to 440% of baseline, 
but thereafter  decreasing to 347% of baseline by 48 hr 
and 247% at 72 hr (Figure 2). All of these changes from 
baseline were significant (P < 0.01), and all subjects 
experienced an increase in EPA levels. Mean DHA 
levels increased from 2.0% at baseline to 2.4% at 24 
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F i g u r e  1 Acute effects of a single dose of fish oil (50 mg n-3 FAs/ 
kg body wt) given to 9 normolipidemic volunteers. The decreases 
in triglycerides were significant at all 3 days post-dosage (P < 
0.01 ), but by day 3, triglyceride levels were not significantly differ- 
ent from baseline. Placebo-treated subjects (n=5) showed no 
changes in plasma triglyceride levels. 
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F i g u r e  2 Acute effects of a single dose of fish oil (50 mg n-3 FAs/ 
kg body wt) given to 9 normolipidemic volunteers. The increases 
in EPA were significant at all 3 days post-dosage (P < 0.01). 
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F i g u r e  3 The short-term effects of fish oil supplements on plasma 
levels of LDL cholesterol. Hypertriglyceridemic patients (n - 5) 
were given 2.4 g of n-3 fatty acids per day between days 0 and 14 
at which time supplementation was stopped. Values given as 
means -+ SD. * = p < 0.01 versus day 0. 
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F i g u r e  4 The short-term effects of fish oil supplements on plasma 
levels of triglycerides. Hypertriglyceridemic patients (n = 5) were 
given 2.4 g of n-3 fatty acids per day between days 0 and 14 at 
which time supplementation was stopped. Values given as means 
_+ SD. * = P < 0.01 versus day 0. 

hr (NS), and to 2.8% at both 48 and 72 hr (P < 0.01 
versus baseline). These changes were less marked 
than those seen with EPA. 

Multiple dose study 

In the patient group, the changes in plasma levels of 
triglycerides, LDL-C, HDL-C, and phospholipid EPA 
and DHA were followed. Mean LDL-C levels at base- 
line were low (2.51 mmol/L) as is typical of type IV 
patients. After 48 hr, they had increased to 3.24 retool/ 
L ( + 29%, P < 0.01), with 4/5 of the patients increasing. 
LDL-C levels reached a plateau of 3.65 mmol/L (44% 
increase, P < 0.01) after 4 days which continued 
through day 16. LDL-C levels began to drop in the 
washout period, and reached 2.95 mmol/L after ten 
days of no treatment (N.S. versus baseline, Figure 3). 

Mean triglyceride levels decreased from 7.97 mmol/ 
L at baseline to 6.49 mmol/L at 24 hr (N.S.) and 6.02 
mmol/L at 48 hr (P < 0.01). Triglyceride levels 
dropped in every patient by day 2. This statistically 
significant decrease continued through day 14 when 
values of 4.57 mmol/L were reached (43% below base- 
line, P < 0.01). Triglyceride levels appeared to be sta- 
bilizing after two weeks of treatment. During the 
10-day washout period, triglyceride levels returned 
slowly towards baseline, but at day 24, remained sig- 
nificantly below baseline (5.91 mmol/L, P < 0.01, Fig- 
ure 4). Mean HDL-C levels were 1.30, 1.37, 1.37, 1.30, 
1.24, and 1.22 mmol/L on days 0, 2, 4, 14, 18, and 24, 
respectively. None of these changes was statistically 
significant. 

EPA levels in plasma phospholipids increased con- 
sistently (from 0.7 to 5.1%, P < 0.01) during the 
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The short-term effects of fish oil supplements on plasma 
levels of phospholipid EPA and DHA levels. Hypertriglyceridemic 
patients (n = 5) were given 2.4 g of n-3 fatty acids per day between 
days 0 and 14 at which time supplementation was stopped. Values 
given as means _+ SD. * = P < 0.01 versus day 0. 

2-week treatment  phase, and returned to baseline lev- 
els by the end of  the washout period (1.0%, N.S. ver- 
sus baseline; Figure 5). DHA levels similarly in- 
creased (from 2.9% at baseline to 6.6% at 14 days, P 
< 0.01), but unlike EPA did not return to baseline 
after a 10-day washout  (Figure 5). EPA and DHA lev- 
els rose in all patients by day 2. 

Discussion 

The purpose of  these studies was to determine how 
fish oil supplementation altered plasma lipid levels in 
the short-term, after both a single dose and multiple 
doses. In the single dose study, fish oil produced sta- 
tistically significant decreases in plasma triglyceride 
and increased phospholipid EPA levels within 24 hr. 
DHA levels were clearly increased at 48 hr and re- 
mained elevated at 72 hr unlike EPA which had re- 
turned to baseline by this time. The changes in triglyc- 
eride levels persisted longer than the EPA, but not the 
DHA, changes. In the multiple dose study conducted 
in hypertr iglyceridemic patients, fish oil had an imme- 
diate impact on EPA,  triglyceride, and LDL-C levels. 
EPA levels increased by 700% and DHA 228% by day 
14, at which time triglyceride levels had fallen by 43%. 
All of  these parameters  appeared to be stabilizing by 
2 weeks. Perhaps the most interesting observation was 
the rapid change in LDL-C levels. Fish oil supplemen- 
tation produced a significant increase in LDL-C by 
day 2 which had stabilized by day 4. Thus, long before 
n-3 FA and triglyceride levels had stabilized, LDL-C 
levels had risen markedly (by 44%) and appeared to 
be in a steady state. During the 10-day washout phase, 
triglyceride levels remained significantly depressed; 
however ,  LDL-C and EPA levels had returned nearly 
to baseline levels. Thus,  LDL-C appeared to follow 
plasma n-3 FA levels more closely than did triglycer- 
ide levels. It would have been instructive to have fol- 
lowed triglyceride levels over  a longer washout pe- 
riod, but we were unable to do so in this trial. 

In a previous study, Harris et al. jj examined the 
effect of fish oils on triglyceride levels in subjects with 
carbohydrate- induced hypertriglyceridemia. Fish oil 
blocked the development  of the hypertriglyceridemia 
when fish oil and the high carbohydrate  diet were initi- 
ated at the same time. Fish oil also reversed the hyper- 
triglyceridemia when it was added after a week of car- 
bohydrate  induction. Pertinent to this discussion was 
the observation that it took only 72 hr for fish oil to 
reverse already elevated triglyceride levels, but it took 
10-12 days for triglyceride levels to rise when fish oil 
was removed from the high carbohydrate diet. These 
observations support those made in the current study 
and suggest that tissue (perhaps hepatic) and not 
plasma EPA levels control plasma triglyceride levels. 

It was anticipated that triglyceride levels would de- 
crease due to reduced hepatic V LD L secretion since 
there is considerable evidence from cell culture, ~344 
hepatic perfusion,J5 and human kinetic studies ~6 ~ that 
n-3 fatty acids inhibit hepatic triglyceride synthesis. 
What was remarkable was the rapidity and extent of 
the effect arising from as little as one dose of fish oil. 

The short-term effects of chronic dosing with fish 
oil on triglyceride levels were much the same as with 
the single dose. Stable triglyceride levels were reached 
between 10 and 14 days of therapy. During the wash- 
out phase, EPA levels in the plasma phospholipids 
returned to baseline well before triglyceride levels nor- 
malized~ again suggesting that tissue EPA levels may 
be responsible for the hypotriglyceridemic effect, not 
plasma. 

Endres et al. m recently reported that as long as 10 
weeks after stopping fish oil supplementation, cyto- 
kine production by human mononuclear  cells contin- 
ued to be inhibited, and that production returned to 
normal only after 20 weeks had elapsed. This is clear 
evidence that, even if EPA levels in plasma return to 
baseline, there may be lingering, cellular effects of 
these fatty acids. 

The rapid change in L D L  cholesterol levels could 
have resulted from a variety of  factors. Direct inhibi- 
tion of L D L  receptor  activity, a change in the affinity 
LDL apolipoprotein B for its receptor,  increased LDL 
synthesis from V LD L precursors,  or direct produc- 
tion of LD L are all possibilities. Which mechanism 
was responsible cannot be determined from this ex- 
periment. There are data from cell culture studies 
suggesting that EPA can down-regulate the LDL re- 
ceptor.  2° However ,  fish oil feeding in normotriglycer- 
idemic subjects does not usually raise LDL choles- 
terol leveis.J If EPA had a direct effect on cellular 
receptors,  one would expect  to see a rise in LDL in 
all subjects. Since hypertriglyceridemia appears to be 
a pre-requisite for L D L  rising with fish oil treatment,  
it is more likely that changes in V LD L composition 
(and therefore,  metabolism) are responsible for the in- 
creasing L D L  levels in patients given EPA. 

It is well known that hypertriglyceridemic VLDL 
is metabolically different than normal VLDL.  2~ The 
former can compete  with LD L for receptor-mediated 
removal,  22 can be toxic to endothelial cells, 23 and can 
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c o n v e r t  m a c r o p h a g e s  in to  f o a m  ce l l s ,  z4 N o r m a l  V L D L  
d o e s  n o t  h a v e  t h e s e  e f f e c t s .  In  a d d i t i o n ,  i f  f ish oil  
c a u s e s  t h e  l i v e r  to  s e c r e t e  s m a l l e r ,  d e n s e r  V L D L  par-  
t i c l e s ,  t h e i r  c o n v e r s i o n  in to  L D L  m a y  be  a c c e l e r -  
a t e d ,  25 l e a d i n g  to  h i g h e r  p l a s m a  L D L  l e v e l s .  A n  en-  
h a n c e m e n t  o f  l i p o p r o t e i n  l i pa se  a c t i v i t y  d o e s  no t  
a p p e a r  to  p l a y  a ro l e  in th i s  p h e n o m e n o n ,  1'26 b u t  fur-  
t h e r  s t u d i e s  a r e  n e e d e d  to  e v a l u a t e  th is  p o s s i b i l i t y  
m o r e  c a r e f u l l y .  T h e  f a c t o r s  w h i c h  i n f l u e n c e  L D L  lev-  
e l s ,  a n d  t h e  e f f e c t s  o f  f ish o i l s  on  l i p o p r o t e i n  m e t a b o -  
l i sm a r e  b o t h  c o m p l e x ,  a n d  f u r t h e r  s t ud i e s  wil l  be  
n e e d e d  to  c l a r i f y  w h y  L D L  l e v e l s  r i se  in h y p e r t r i g l y c -  
e r i d e m i c  p a t i e n t s  g i v e n  fish oil .  
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