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Effect of Dietary Fish Oil on the Rate of Very Low Density 
Lipoprotein Triacylglycerol Formation and on the Metabolism 
of Chylomicrons 
Ana Maria P. Lottenberg, Helena C. F. Oliveira, Edna R. Nakandakare and Eder C.R. Ouint~o* 
Division of Nutrition and Dietetics, and Laboratories of Medical investigation (LIM), Hospital of the University of $8o Paulo Medical 
School, S~.o Paulo, Brazil 

The mecbanlsm by which G03 fatty acids lower plasma 
triacylglycerol levels was investigated. Rate were fed fish 
oil, olive oil (10% fat by weight) or a nonpurified diet (4% 
fat by weight) for 15 days. Lipoprotein lipase was inhibited 
by intra-arterial administration of Triton WR 1339 to 
estimate hepatic triacylglycerol output. Rats fed the olive 
oil diet showed a higher rate of triacylglycerol formation 
than rats fed the co3 fatty acid diet or the low-fat diet. All 
three groups showed identical rates of removal from plas- 
ma of intraarterially administered artificial chylomicrons 
that had simultaneously been labeled with cholesteryl 
[1-14C]olcate and [9,10(n~ZH]triolein. Liver radioactivity 
and total fat content were lowest in rats fed the fish oil 
diet, indicating that ~3 fatty acids were preferentially 
metabolized in liver. Chylomlcrons obtained from donor 
rats fed either fish oil containing [14C]cholesteral or olive 
oil containing [3H]cholesterol were removed at similar 
rates when infused together intraarterially into recipient 
animals. A slower formation of plasma very low density 
iipoprotein triacylglycerols in rats fed fish oil is probably 
due to a faster rate of oxidation of the fatty acid chains 
in the liver resulting in decreased plasma triacylglycerol 
concentrations. 
L/p/ds 27, 326-330 (1992). 

The role that dietary c03 eicosapentaenoic and docosahex- 
aenoic acids of marine oils play in the prevention of coronary 
heart disease has been studied extensively (i,2). Fish oils 
are known to lower plasma triacylglycerol (TG) levels and 
very low density lipoprotein (VLDL) levels both in humans 
(3-5) and in experimental animals (6), although the mech- 
anisms that are involved are not clearly understoo~ 

Fish oil has been shown to retard in vivo hepatic produc- 
tion of VLDL triacylglycerol in humans (5,7-10) and in 
roosters (11), as well as in perfused liver (12,13) and in 
cultured hepatocytes (14-16). Less evidence is available in 
support of the enhancing effect of fish off on the removal 
of plasma VLDL (7,9). Fish oil can also influence chylomi- 
cron metabolism, although similar intestinal absorption 
raters for eicosapentaenoic acid and oleic acid have been 
reported (17). However, the results of chylomicron meta t~  
lism studies are not entirely conclusiv~ When analyzed be  
tween 25 and 90 ~ the disappearance rate of eicosapen- 
taenoic acid enriched chylomicrons that had been infused 
in the bloodstream of rats, was slower than that of oleic acid 
enriched particle~ At 10 rain, no difference in turnover rates 
was observed between the two types of chylomicrons {18). 

*To whom correspondence should be addressed at the Lipids 
Laboratory, University of S~lo Paulo Medical School, Av. Dr. 
Arnaldo, 455, S. 52, CEP 01246, S~io Paulo, Brazil. 

Abbreviations: EDTA, ethylenediRmlnetetraacetic acid; FCR, frac- 
tional catabolic rate; HDL, high density lipoproteins; LDL, low den- 
sity lipoproteins; TG, triacylglycerol; VLDL, very low density 
lipoproteins. 

Chylomicron clearance rates in perfnsed rat hearts were 
similar for particles made from c03 fatty acid with those 
made from oleic acid {19). 

We set out to determine whether the fats affected 
metabolism because the particles differed in fatty acid com- 
position or because the dietary fats by themselves modified 
lipoprotein lipase activity and the splanchnic organ recep 
tom for chylomicron particle~ In our study, native chylomi- 
crons from animals fed fish oil and [14C]cholesterol, or olive 
off and [SH]cholesteroL were injected into rats fed a non- 
purified low-fat diet. Als~ the plasma disappearance rates 
of intra-arterially infused artificial chylomicrons simul- 
taneously labeled with cholesteryl [1-~4C]oleate and [9,10(n)- 
3H]triolein were compared in rats fed fish oil, olive oil and 
low fat. Triacylglycerol mass and radioactivity were mea- 
sured in the liver and spleen of the animals at the end of 
the artificial chylomicron infusion experiment. Finally, the 
effect of the different diets on hepatic secretion of tri- 
acylglycerol and on the metabolism of chylomicrons was ex- 
amined after inhibition of the enzyme lipoprotein lipase by 
Triton WR 1339. 

MATERIALS AND METHODS 

ExperimentalprotocoL Adult male Wistar rats, weighing 
approximately 230 g, were divided into three experimen- 
tal groups of 10 animals each. The animals were fed for 
15 days (% by weight} 10% fish oil, 10% olive oil, or a non- 
purified diet containing 4% fat (Control, provided by 
Novilab, S~lo Paul~ Brazil). Both fat enriched diets con- 
tained (% by weight): fat (10%), casein (10%), cellulose 
(3.5%), saline mixture (3.5%}, vitamin supplement (1.0%}, 
choline bitartrate (0.2%), D,L-methionine (0.3%), and 
starch (71.5%). 

Body weights {mean • SD) of rats in experimental 
groups (initial and final, respectively) were: controls (195 
• 19 and 244 • 33), fish off (250 • 22 and 264 _ 28), 
and olive oil {235 • 58 and 268 • 38). 

Commercially available fish off (MaxEPA, Seven Seas 
Ltd., Marfleet, England) contained 18.6% eicosapen- 
taenoic acid, 12.1% docosahexaenoic acid, 15.2% oleic acid, 
22.95% saturated fat ty acids and 31.3% unidentified un- 
saturated fatty acids. OliVe oil was composed of 77.5% 
oleic, 7.6% linoleic, 2.3% stearic, 10% pMmitic, and 0.6% 
unidentified fatty acids. After fasting overnight, rats were 
treated with Triton WR 1339 (Tyloxapol, Sigma Chemical 
Ca, St. Louis, MO; 600 mg/kg body weight), which was 
administered through an intra-arterial catheter, to evalu- 
ate hepatic production of triacylglycerols (20). 

Rats were infused intra-arterially with chylomicrons 
that  had been simultaneously labeled with cholesteryl 
[1-14C]oleate and [9,10(nn)-3H]triolein (21,22) (NEN Re- 
search Products, Boston, MA). To follow the effect of 
various diets on the rate of chylomicron removal from 
plasma, a chylomicron-like emulsion was used which con- 
sisted of (% by weight) 2% cholesterol, 23% phosphatidyl- 
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choline {Lipid Products, Surrey, U.K.), 6% cholesteryl 
oleate and 69% triolein (NuChek Prep, Inc, Elysian, MN). 
Lipids were dispensed from stock solutions into vials and 
radioactive materials were added. After evaporation of 
solvents under a nitrogen stream, the vials were placed 
overnight in a vacuum desiccator at 4 ~ to remove resi- 
dual solvent. Lipids were emulsified by sonication in 8 mL 
of 2.785 M NaC1 solution {density = 1.100 g/mL), at ap- 
proximately 55~ using a Branson Cell Disruptor (Bran- 
son Ultrasonics Corp., Danbury, CT) and a 1-cm probe at 
a continuous output of 70-80 W. Crude emulsions were 
purified by ultracentrifugation using an SW-41 rotor 
(Beckman ultracentrifuge, model L7-55, Beckman In- 
struments, Palo Alt~ CA) at 12,000 rpm {density gradient 
1.100-1.006) at 20~ for 15 rain. After the first run, the 
coarse lipid that floated to the top was removed by aspira- 
tion and replaced with a corresponding volume of fresh 
1.006 g/mL solution. The chylomicron-like emulsion was 
again ultracentrifuged at 36,000 rpm for 25 rain. The 
emulsion particles floating to the top were then aspirated 
and used for the analyses and metabolic studies. The lipid 
composition of the emulsions was determined by standard 
procedures. Cholesterol was analyzed by the enzymatic 
Chod-Pap method (Boehringer Mannheim, Marmheim, 
Germany). Triacylglycerols were measured using the en- 
zymatic Biodiaguostica kit (S~o Paulo, Brazil). Phospho- 
lipids were assayed by the Bartlett method (23). Chylomi- 
cron composition was (% by weight): cholesterol, 1.9%; 
p hospholipids, 10.4%; cholesteryl ester, 11.2%; and triacyl- 
glycerol 76.5%. 

Approximately 159 ~g of chylomicron triacylglycerol 
was infused into each rat together with cholesteryl 
(1-14C)oleate (0.34 ~Ci) and [9,10(n)-3H]triolein (1.17 ~Ci). 
Blood samples were drawn sequentially, and 10 rain later 
the liver and spleen were rapidly removed and analyzed 
for triacylglycerol total fat and radioactivity levels. 

Native chylomicrons drawn from the pooled intestinal 
lymph of donor rats that had been fed fish off and [~4C]- 
cholesterol, or olive oil and [3H]cholesterol, were pooled 
and pulse infused intra-arterially into recipient rats fed 
the non-purified diet to measure the rates of disappearance 
of both chylomicron species from plasma. Each rat re- 
ceived 8.45 mg of chylomicron triacylglycerols from each 
dietary source containing 14C {0.43 ~Ci) and 3H (0.93 ~Ci). 
In these experiments adult male Wistar rats were sub- 
jected to intestinal lymph duct catheterization under pen- 
tobarbital anesthesia (5 mg/100 g of body weight) and 
restrained in Bollman-type metabolic cages. A single dose 
of fish off or olive oil containing radioactive cholesterol 
was administered to each rat by gavage 24 hr later. The 
intestinal lymph was collected on ice in 0.01% sodium 
ethylenediaminetetraacetic acid (EDTA) over a period of 
24 hr while the animals drank 5% glucose solution in 
saline ad libiturn. For native chylomicron separation, the 
lymph was submitted to ultracentrifugation at 24,500 rpm 
at 20~ {density = 1.006 g/mL) using an SW 41 rotor 
(Beckman ultracentrifuge model L3-50, Beckman Instru- 
ments). Chylomicrons were harvested with a Pasteur 
pipette and were used within 24 hr. 

Plasma analyses. Blood was drawn after carotid 
catheterization. In the Triton WR 1339 experiment, blood 
was sequentially drawn over a 90 rain period and triacyl- 
glycerols were measured enzymatically {Biodiagnostica). 
Triacylglycerols secreted by the liver were calculated by 

linear regression of the plasma triacylglycerol concentra- 
tion data on the ordinate as related to time (on the abscis- 
sa} according to the equation y -- a + bx, where b is the 
angular coefficient of the minimum square straight line 
expressed in mg/100 mL/min. 

In the artificial chylomicron infusion experiments, blood 
was drawn at 2, 4, 6, 8 and 10 min and plasma (100 ~L) 
was extracted with chloroform]methanol (2:1, v/v}. Radi~ 
activity in the triacylglycerol and cholesteryl ester frac- 
tions was measured as previously described {21}. In the 
natural chylomicron infusion experiment, 14C and 3H 
radioactivities were measured in blood samples drawn as 
described above; plasma aliquots were counted using a 
toluene-phosphor solution and a Beckman LS-100 beta 
scintillation counter {Beckman Instruments, Ina) {24}. 

The fractional removal rate for each isotope in the plas- 
ma was computed from a monoexponential curve fitting 
after plotting the plasma radioactivity log values (on the 
ordinate} against time in minutes (on the abscissa}. A 
monoexponential least square line as drawn (y = a.eb~), 
where b represents the angular coefficient which is the 
fractional removal rate expressed in minutes {21}. 

Tissue analyses. Aliquots of liver and spleen (lg) were 
extracted with 30 mL of a solution of chloroform]methanol 
(2:1, v/v}. After filtration and addition of water (7 mL), the 
upper water phase was discarded. A solution of chloro- 
form]methanol/water {3:48:47, v/v/v; 4 mL} was then 
added, and the water phase discarded. The solvents were 
evaporated under a stream of nitrogen. The extracted 
lipids were purified by thin-layer chromatography (TLC) 
on silica gel using the solvent system hexane/diethyl 
ether/acetic acid (70:30:1, v/v/v). The cholesteryl ester and 
triacylglycerol bands were identified in an iodine chamber 
and eluted with diethyl ether. Radioactivity was deter- 
mined in a toluene phosphor scintillation solution. An ali- 
quot of the extracted tissue fat was used for the 
gravimetric measurement of total fat and triacylglycerols 
using the enzymatic kit (Biodiaguostica; Clinical Chem. 
Industry, S~o Paulo, Brazil}. 

RESULTS 

Triacylglycerol and cholesterol concentrations in plasma 
after 15 days on each diet are shown in Table 1. Although 
plasma lipids were measured in the fasting stat~ the plas- 
ma triacylglycerol level was much higher in the olive oil 
group than in the fish oil and control groups. Plasma 
cholesterol concentration was slightly, but significantly, 
higher in the fish oil fed rats than in the olive oil fed and 
control animals. Thus fish oil reduced plasma triacylgly- 
cerol concentration, but increased the plasma cholesterol 
level, in agreement with results reported by others for 
humans and animals {25,26). 

Figure 1 shows the increase in plasma triacylglycerol 
level with time after intraarterial administration of Triton 
WR 1339. Formation of liver triacylglycerol was signifi- 
cantly lower in controls and in fish oil fed rats than in olive 
oil fed animals. Fractional removal rates of the artificial 
chylomicrons are shown in Table 2. The plasma fractional 
catabolic rate (FCR) of [9,10(n)-3H]triolein measures the 
triacylglycerol lipolysis and the particle removal rates 
altogether, while the FCR of cholesteryl [1-14C]oleate 
measures the particle removal rate only. The FCR of both 
radioactive moieties did not differ among the three ex- 
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TABLE 1 

Plasma Levels of Triacylglycerols and Cholesterol in Rats  After 15 
Days  of Dietary Treatment a 

Experimental groups Triacylglycerols Cholesterol 

Controls {n = 7) 94.3 • 19.6 56.3 +_ 9.4 
Fish oil (n = 9) 98.3 • 34.3 75.2 • 14.3 
Olive oil (n = 7) 170.4 • 48.1 62.7 • 11.8 

aMean mg/dL _ SD. Statistical comparisons between groups by 
Student's t-test was as follows: 

Controls X fish off NS p < 0.005 
Controls X olive oil p < 0.005 NS 
Fish oil • olive oil p< 0.005 p < 0.05 
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FIG. 1. Plasma triacylglycerol secretion rate. Variation of plasma 
triacylglycerol concentration after intra-arterial pulse infusion of 
Triton WR-1339. Control group: circles (n = 7); olive oil group: crosses 
(n = ); fish oil group: squares (n = 9). Statist ical  comparisons: con- 
trois X olive oil (p < 0.01); control X fish oil (p = not significant); 
olive oil X fish oil (p < 0.05). For calculation of secretion rates, see 
text .  

TABLE 2 

Fractional Catabolic Rates of Artificial Chylomicrons Doubly 
Labeled with Cholesteryl [1-14(3] oleate [14C-CE] and [9,10(n)flH] 
triolein [3H TG] Pulse Infused Intra-Arterially a 
Experimental groups 14C-CE 3H-TG 

Controls {n = 10) 0.23 • 0.09 0.36 • 0.14 
Fish oil (n = 10) 0.21 _+ 0.04 0.34 + 0.11 
Olive oil {n = 10) 0.21 _ 0.04 0.28 __- 0.07 

aMean min -1 • SD. Differences between experimental groups by 
Student's t-test were not significant. 

per imental  dietary groups. Prolonged periods of feeding 
the diets did not  interfere with the rate  of metabol i sm of 
the artificial chylomicrons in plasma.  

After  the simultaneous intra-arterial  injection into con- 
trol rats, the fractional removal rate  of the nat ive chylo- 
microns containing radioactive cholesterol, labeled either 
wi th  3H or 14C (min; mean +_ SD), was 0.07 +_ 0.03 for 
those  made  f rom fish oil (labeled wi th  [14C]cholesterol} 
and 0.08 +_ 0.03 for those made from olive oil (labeled with 
[3H]cholesterol). The liver radioactive contents,  as mea- 
sured after artificial chylomicron administration, were dif- 
ferent among  the expe "rnnental groups (Table 3). Control 
ra t s  had the highest  liver cholesteryl [1-14C]oleate con- 
tent,  while the fish oil fed group had  the lowest. The liver 
content  of [9,10(n)-3H]triolein was lower in fish off and 
olive oil fed ra ts  than  in control rats. Lower levels of 
[3H]triacylglycerols were also present  in the spleen of 
control ra t s  as compared to the fish oil and olive oil fed 
groups. However, it is difficult to interpret  the spleen 
results  in view of the extremely low radioact ivi ty  values 
as compared to the liver datv. More tota l  fat  and 
triacylglycerol were present  in the liver of the olive oil fed 
group than  in the fish off fed rats; the control livers showed 
the lowest values (Tables 4 and 5). 

DISCUSSION 

Our da ta  show tha t  lower liver triacylglycerol ou tpu t  is 
the major  p la sma  triacylglycerol lowering mechanism of 
dietary fish off, which is in agreement  with previous 
repor ts  {7-11, 13-16}. 

Feeding different fa t s  modified the  chylomicron com- 
position, but  may  also have affected the number  of liver 
chylomicron receptors or lipoprotein lipase activity. These 
changes may  thus  have affected the ra te  of chylomicron 
metabolism. In  order to dis t inguish between these two 
alternatives,  nat ive chylomicrons containing radioact ive 
cholesterol were obtained f rom the intest inal  l ymph  of 
olive off and of fish oil fed ra ts  and s imultaneously in- 
fused intra-arterially into recipient ra t s  t ha t  had been on 
a non-purified diet. The metabol i sm in p l a sma  of chylo- 
micron particles made of olive oil was indist inguishable 
from tha t  of chylomicron particles made of fish oil, as their 
FCR were identical. Similar results were suggested in a 
previous study where infused rat mesenteric lymph chylo- 
microns had been enriched with either [14C]oleic acid or 
[14C]eicosapentaenoic acids {18}. 
Artificial chylomicrons were removed from the plasma 

at  similar rates independent  of the diet. Therefor~ liver 
receptors for chylomicrons and the  ac t iv i ty  of enzymes 
(lipoprotein lipase} tha t  delipidated the large particles were 
not  influenced by the regular feeding of different types  
of fats. 

The liver is the major  organ t h a t  metabolizes chylo- 
micron remnants  (27,28); therefore after  a 10-rain period, 
similar fractions of the injected radioactive artificial chylo- 
microns should have been found in the liver with all three 
experimental  dietary groups. However, the liver radio- 
act iv i ty  values were much  higher in the low fat  (control) 
ra t s  than  in the other  two groups. The liver of fish oil 
fed ra ts  contained the smallest  radioactive concentra- 
t ion of the three groups (Table 3) and much  less to ta l  
fa t  (Table 4) or triacylglycerol mass  t han  the  olive oil 
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TABLE 3 

Liver Radioactivity 10 Minutes After Pulse Arterial Infusion of Artificial Chylomicrons 
Doubly Labeled with Cholesteryl [1J4C]oleate and [9,10(n) - -  3H] Triolein a 

Liver Spleen 

Experimental groups b 14CpCE 3H-TG 14C-CE SH-TG 

Controls In -- 10) 22.9 • 11.4 16.5 • 8.8 1.1 • 0.5 0.2 • 0.1 
Fish oil (n = 10) 9.8 ___ 1.5 8.0 • 2.1 1.6 • 0.8 0.3 • 0.2 
Olive oil (n -- 10) 11.7 _ 1.2 9.4 • 1.3 1.3 • 0.8 0.4 d- 0.1 

aValues are expressed as percent of the radioactive dose administered. 
bStatistical comparisons between groups by Student's t-test were as follows: 

Control X fish oil p < 0.01 p < 0.01 NS p < 0.05 
Control • olive oil p < 0.01 p < 0.01 NS p < 0.01 
Fish oil • olive oil p < 0.01 NS NS NS 
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TABLE 4 

Total Fat in Liver and Spleen (mean d- SD} as Measured at the End of the Artificial 
Chylomicron Infusion 

Liver Spleen 

Experimental groups a Total ~mg) mglg Total (rag) mg/g 

Controls (n -- 10) 277.7 • 66.1 32.9 • 7.0 24.0 • 4.6 35.0 • 3.2 
Fish oil (n = 10) 372.7 _ 54.5 33.8 • 2.6 14.1 • 2.9 24.9 • 3.7 
Olive oil (n = 10) 489.3 ___ 120.1 43.1 • 7.8 17.7 • 4.4 23.5 • 2.0 

aStatistical comparisons between groups (rag/g) by Student's t-test were as follows: 

Controls • fish off NS p < 0.001 
Controls • olive oil NS p < 0.001 
Fish oil • olive oil p < 0.001 NS 

TABLE 5 

Liver Triacylglycerol Mass (mean ___ SD) as Measured at the End 
of the Artificial Chylomicron Infusion 

mg/g Liver 
Experimental groups a Total (rag) weight 

Controls (n = 10) 37.0 _ 8.3 4.3 • 0.6 
Fish oil (n = 10) 45.7 ___ 11.5 4.1 -t- 0.9 
Olive oil (n = 10) 136.7 _ 36.6 12.2 -t- 4.1 

aStatistical comparisons between groups by Student's t-test were 
as follows: 

Controls • fish oil p < 0.05 NS 
Controls X olive oil p < 0.001 p < 0.001 
Fish off X olive oil p < 0.001 p < 0.001 

fed  r a t s  when  va lues  were exp re s sed  p e r  un i t  of  l iver  
we igh t  (Table 5). 

T h e  p r e s e n t  e x p e r i m e n t s  d e m o n s t r a t e  t h a t  r a t s  fed  
d i e t a r y  f i sh  off r a t h e r  t h a n  olive oil have  a s lower V L D L -  
T G  p r o d u c t i o n  in liver, a n o r m a l  p l a s m a  ca t abo l i c  r a t e  of 
r a d i o a c t i v e  chylomicrons ,  a dec reased  l iver  concen t r a t i on  
of t h e  in fused  rad ioac t ive  chylomicrons,  and  a smal le r  l iver  
concen t r a t i on  of t o t a l  f a t  a n d  of t r iacylg lycero l .  The  d a t a  
above are in ag reemen t  wi th  a slower p roduc t ion  of VLDL-  
TG in t h e  p resence  of a n o r m a l  e n t r a n c e  in to  t h e  l iver  of 
t h e  f a t  d i e t a r y  or igin .  I f  t h e  ex i t  of  f a t  f r om t h e  

l iver  were  i m p a i r e d  whi le  t h e  loca l  s y n t h e s i s  r a t e  of t r i -  
acy lg lyce ro l  were m a i n t a i n e d ,  l iver  f a t  wou ld  have  been  
s t o r e d  d u r i n g  f i sh  oil  feeding.  However ,  t h e  l iver  fa t  con- 
t e n t  was  r e m a r k a b l y  s m a l l  in t h e  f i sh  off fed g roup  com- 
p a r e d  to  t h a t  in  t h e  ol ive oi l  fed  group.  Therefore~ f i sh  oil  
m u s t  s t imu la t e  f a t t y  ac id  oxidat ion,  impa i r  t r iacylg lycero l  
syn thes i s ,  or  bo th .  

P rev ious  s t ud i e s  have  shown t h a t  in t h e  l iver  co3 f a t t y  
ac ids  a re  p r e f e r en t i a l l y  ox id i zed  as  c o m p a r e d  to  ac id  of 
t h e  w6 ser ies  {13,29}. F i n d i n g  l i t t l e  r a d i o a c t i v e  t r iacy l -  
g lycero l  in  t h e  l iver  i nd i ca t e s  t h a t  chy lomic rons  t a k e n  up  
are  more  r a p i d l y  m e t a b o l i z e d  in to  p r o d u c t s  t h a t  a re  no  
longe r  f a t t y  acids;  however, s lower  s y n t h e s i s  of t r i acy l -  
g lycero l s  c a n n o t  be  r u l e d  out .  D i e t a r y  f ish  oil  ha s  been  
found  to  reduce  the  a c t i v i t y  of ce r t a in  l iver  enzymes,  such  
as  d i acy lg lyce ro l  hyd ro l a se  {30), d i acy lg lyce ro l  acy l t r ans -  
fe rase  (31), p h o s p h a t i d a t e  p h o s p h o h y d r o l a s e  {29,30), a n d  
ace ty l -CoA c a r b o x y l a s e  (32). F a s t e r  o x i d a t i o n  of  f ish  oil  
de r i ve d  f a t t y  a c i d s  in l iver  h a s  a lso  been  d e m o n s t r a t e d  
in ea r l i e r  s t ud i e s  {13,33}. 

P l a s m a  choles te ro l  c o n c e n t r a t i o n  was  h ighe r  in  t h e  f ish  
oil  g r o u p  t h a n  in t h e  ol ive oil fed  r a t s  {Table 1). S ince  t h e  
f i sh  oil  b r a n d  u s e d  in our  s t u d y  {MaxEPA) c o n t a i n e d  4.6 
m g  cholesterol/g,  and  t h e  an ima l s  c o n s u m e d  approx ima te -  
ly  20 g of diet /day,  t h e i r  da i ly  cho les te ro l  i n t a k e  was  ap-  
p r o x i m a t e l y  9 -10  nag. Th is  i n t a k e  m a y  have  inc reased  
t h e  p l a s m a  cho les te ro l  c o n c e n t r a t i o n  in r a t s  (34). I n  p a s t  
s t ud i e s  w i t h  n o r m a l  sub jec t s ,  f i sh  off t r e a t m e n t  d id  n o t  
in f luence  p l a s m a  cho les te ro l  c o n c e n t r a t i o n s  {35,36}, b u t  
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increased low dens i ty  l ipoprotein (LDL) cholesterol levels 
(37). Studies  wi th  hypercholes terolemic individuals  have 
shown reduced p l a sma  cholesterol  concen t ra t ions  af ter  
fish oil t r e a t m e n t  (25). The n u m b e r  of L D L  receptors  was  
decreased and  the  n u m b e r  of h igh  dens i ty  l ipoprotein 
(HDL) receptors  was increased in ra t s  fed fish oil as com- 
pared  to  animals  fed sunflower oil (38). I n  ra t s  fed a non- 
purif ied diet, the  larges t  share of p l a s m a  cholesterol  was  
found  in H D L .  F u r t h e r  s tudies  are needed to  explain 
whether  and how dietary fish oil influences L D L  and H D L  
me tabo l i sm b o t h  in h u m a n s  and in animals.  
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