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ABSTRACT Adult male rats were surgically provided with
a drainage catheter in the left thoracic lymphatic channel
and an indwelling duodenal catheter for constant infusion
of physiological sallne—5% glucose. After an overnight fast,
animals were given a single duodenal dose of an aqueous
emulsion containing one of the following: oleic acid, corn
oil, menhaden oll or a fish oil concentrate (FOC) and [1.2-
3H]cholesterol. Digestion and absorption were estimated
by recovering the total fatty acids in the thoracic duct lymph
over a 24-h collection period (after subtraction of the
“baseline” endogenous fatty acids in the lymph). Choles-
terol absorption in the thoracic duct lymph was significantly
reduced (P < 0.05) in the presence of menhaden oll or
FOC compared to that in the presence of com oil. With
various fat feedings, the major increases in lymph fatty
acids were directly related to the dietary fatty acid content.
The relative amounts of eicosapentaenoic acid (EPA) and
arachidonic acid (AA) in the thoracic lymph were influenced
by the lipid content of the emulsion. The EPA/AA ratio in
control, oleic acid and com ol feedings ranged from 0.12
to 0.25. When marine ofl was administered, the EPA/AA
ratio was 0.78-0.98. The total amount of fatty acids found
in the lymph after marine oil feeding was significantly less
(P < 0.01) than that found after com oil feeding. The
results suggested that the digestion and absorption of
menhaden ofl and FOC were decreased as compared with
com oll. The EPA/AA ratio was increased in the thoracic
lymph after dietary fish oil feeding.
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Several epidemiological studies have demonstrated
that populations consuming relatively large amounts
of fish have a low incidence of coronary heart disease.
Populations studied have included Eskimos (1, 2), fish-

ing villagers of Japan (3), coastal Turks {4), Dutch {5)
and Norwegians during World War II (6). A fish oil diet
generally resulted in decreased very low density lipo-
protein and low density lipoprotein cholesterol, re-
duced plasma triglycerides, increased bleeding time, de-
creased platelet number, modified prostaglandin
formation and altered hepatic lipoprotein synthesis {7-
10). Bottino et al. {11}, Brockerhoff et al. {12} and Yur-
kowski and Brockerhoff {13} reported that marine oil
has an unusual fatty acid distribution pattern and re-
sists hydrolysis by pancreatic lipase in vitro. Harris and
Connor (14) observed that the ingestion of salmon oil
did not give a typical fat tolerance curve. They hy-
pothesized that salmon oil increased the clearance of
plasma chylomicron. However, in our laboratory we
demonstrated that when a bolus of “C-labeled chylo-
micron triglycerides enriched with eicosapentaenoic acid
(EPA) was injected intravenously into rats, the serum
chylomicron clearance curve was comparable to that
of oleate-enriched chylomicron triglycerides. We also
demonstrated that the intestinal absorption and lipo-
protein transport of unesterified EPA were similar to
those of oleate {15).

The purposes of this study were to evaluate the diges-
tion and absorption of menhaden oil, a fish oil concen-
trate {FOC), com oil and oleic acid. Their effects on
cholesterol absorption were also evaluated.

MATERIALS AND METHODS

Bovine serum albumin fraction V {fatty acid-poor),
sodium taurocholate and oleic acid were obtained from
Sigma Chemical, St. Louis, MO. Corn oil (Mazola) was
purchased at a local store; FOC (MaxEPA) was donated
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Menhaden oil was obtained from Dyets, Bethlehem,
PA. [1,2-*H]Cholesterol (40.7 mCi/mmol) was pur-
chased from Amersham, Arlington Heights, IL. The test
emulsions used for intraduodenal administration were
prepared as described earlier (16}, and the components
per 1.5 ml physiological saline are listed in Table 1.
The emulsions were prepared immediately before use
and rehomogenized before administration.

Adult male rats of the Wistar strain (Charles River
Laboratories, Wilmington, MA), weighing approxi-
mately 250-350 g, were fed a nonpurified diet (Purina
Rat Chow; Ralston Purina, St. Louis, MO) and water
ad libitum until they were cannulated. Under sodium
pentobarbital anesthesia, animals were subjected to
cannulation of the left thoracic lymphatic duct cepha-
lad to the cisterna chyli as described earlier {16). An
indwelling catheter was placed in the duodenum for
continuous administration of physiological saline-5%
glucose or the test emulsions. After overnight admin-
istration of the saline-glucose solution (3 ml/h), 1.5 ml
of the appropriate test emulsion (Table 1) was infused
via the duodenal catheter and then the saline-glucose
infusion was reestablished. Lymph was collected for 24
h in graduated cylinders that were immersed in ice.

In addition to the four experimental groups, a control
group received a lipid-free emulsion. Lipid levels in the
lymph of this control group were considered to be a
baseline to represent the composition of the “endoge-
nous” fatty acid composition present in the lymph.

To determine cholesterol absorption, 500-pl portions
of the 24-h collected lymph from each group were taken
for liquid scintillation spectrometry. To determine fatty
acid composition, portions of each diet emulsion (50
wl) and 24-h lymph collections {500 pl) from each group
were taken for lipid extraction in 20 volumes of chlo-
roform:methanol (2:1 vol/vol) according to the method
of Folch et al. {17). The chloroform extracts were evap-
orated under nitrogen, lipids were transmethylated by

TABLE 1

Components of lipid emulsions®

Dietary group
Oleic Com Menhaden
Component Control acid il oil FOC
Albumin, mg 25 25 25 25 25
Sodium taurocholate, 139 139 139 139 139
mg
[1,2-3H] Cholesterol, 10 10 10 10 10
wCi
Fat, mg 0 85> 170 170 170

!Components in each experimental group were emulsified in 1.5 ml
physiological saline and given to individual rats.

2This is the same amount used in the previous experiment (15) to
compare the effects of fatty acids on cholesterol absorption.
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TABLE 2
Body weight and lymph volume of rats*

Lymph

Group Body weight volume

g ml/24 h
Control 285.6 {29.2) 135.1 {37.8)
Comn oil 297.5 {40.0} 140.8 (37.4)
Menhaden oil 305.7 {42.4) 146.9 {51.1)
Fish oil concentrate 297.1 (28.3) 138.9 {36.6)
Oleic acid 301.8 (11.5) 125.3 (30.2)

Values are means * sD of six or seven animals. No significant
differences were found.

using BF;-methanol and the extracted fatty acid methyl
esters were subjected to gas-liquid chromatography as
described earlier {16). Analysis of variance was used to
determine any significant differences between means.
When significant differences were found, Duncan’s
multiple-range test was used to determine the exact
nature of the differences.

RESULTS

Animal weights at the time of surgery were not sig-
nificantly different (Table 2); group means ranged from
285 to 305 g. The total lymph volumes for 24-h col-
lection periods also were not significantly different for
all experimental groups; group means ranged from 125
to 146 ml (Table 2). Vahouny et al. (16} demonstrated
that lymph flows greater than 2 ml/h have little effect
on overall lipid absorption. Therefore, lipid absorption
in this study was probably not affected by the lymph
volume because all flow rates were greater than 2 ml/h.

A summary of the absorption of [1,2-*H]cholesterol
that was given in the test emulsion with a given lipid
meal is shown in Table 3. The 24-h recovery data showed
that the absorption of cholesterol in the presence of
oleic acid was essentially the same as that in the pres-
ence of corn oil. On the other hand, the absorption of
cholesterol in the presence of menhaden oil and FOC
was significantly lower (P < 0.05) than that of comn oil.

The fatty acid compositions of the test emulsions
given to the experimental groups are listed in Table 4.
In the oleic acid emulsion, the primary fatty acid {94.2%)
was oleic acid (C18:1). The fatty acid composition of
the corn oil diet was 26.8% oleic acid and 57.1% lin-
oleic acid (C18:2). The menhaden oil and FOC con-
tained relatively high concentrations of w3 fatty acids,
namely EPA (C20:5, 14.9—-15.9%} and docosahexaenoic
acid (DHA, C22:6, 6.9-9.9%). There were also rela-
tively large amounts of myristic acid (C14:0, 7.1-8.8%),
palmitic acid (C16:0, 16%), palmitoleic acid ({C16:1,
9.6—13.6%) and oleic acid (14.7-17.0%) in both fish
oils.
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TABLE 3

Absorption of [1,2-*Hlcholesterol
in lymph duct—cannulated rats*

Dietary group Recovery?
%
Oleic acid 50.98 + 14.1%
Com oil 55.35 + 5.8¢
Menhaden oil 42.63 = 9.3>
FOC 39.00 + 9.4¢

'Treatment of animals, collection of lymph and analyses are de-
scribed in Materials and Methods. Values are means + sp of lymph
collections; n = 6-7.

2Means that do not share a common superscript letter differ sig-
nificantly (P < 0.05).

The fatty acid compositions of the lipids recovered
in the thoracic duct lymph are shown in Table 5. The
fatty acids in the control group represented fatty acids
of various lipids from endogenous sources. These were
largely palmitic (25.5%), stearic {C18:0, 11.9%], oleic
(20.8%), linoleic {19.0%) and arachidonic acid {AA)
{C20:4; 10.3% ). When oleic acid was fed to the rats, the
primary change in lymph occurred in the oleic acid
fraction; it was higher than in the control rats, and
palmitic, linoleic and AA were lower. With com oil
feeding, linoleic acid was higher (30.8%) than in the
control (19.0%), and palmitic, stearic and AA were lower.
With menhaden oil or FOC feeding, »3 fatty acids (EPA
and DHA) were higher in the lymph than in the control,
with relatively small decreases in palmitic, stearic, oleic,
linoleic and AA.

The recovery of total absorbed fatty acids in the tho-
racic duct lymph of the animals is shown in Table 6.
The absorption, relative to corn oil, is shown in the
last column. If corn oil absorption is expressed as 100%,
the amount of total fatty acids found in the thoracic
duct lymph with menhaden oil and FOC feeding was
about half the amount {47.1-56.6%) found with the
feeding of comn oil.

Dietary fish oil has been reported to modify the syn-
thesis of prostaglandins (18). In the present study, lipid
feeding diluted the level of AA in lymph,; it was 10.3%
in fasted controls and about 6% in all lipid-fed groups
{Table 5). When menhaden oil or FOC was infused into
the rats, both EPA and DHA levels were higher than
in other groups. The EPA/AA ratios in the lymph in
the control, oleic acid and corn oil fed groups were 0.12,
0.23 and 0.25, respectively. After infusion of menhaden
oil or FOC the EPA/AA ratio was 0.78 or 0.98, respec-
tively.

DISCUSSION

Previous studies (19, 20) demonstrated that marine
oils had a hypocholesterolemic effect in rats even after
menhaden oil was fed for less than 1 wk. However, the

mechanism whereby marine oils caused this effect has
not been elucidated. Our laboratory previously reported
that the recovery of administered tracer cholesterol in
thoracic lymph over a 24-h period in the presence of
unesterified EPA was comparable to that in the pres-
ence of oleic acid {15). The présent experiment dem-
onstrated that cholesterol absorption was lower in the
presence of menhaden oil or FOC (Table 3} than in the
presence of oleic acid or com oil. The reduced choles-
terol absorption produced by fish oils might be attrib-
uted to factors other than the unesterified EPA. Lower
cholesterol in the thoracic lymph might also be due to
lower digestion/absorption of fish oil triglycerides {11,
12) or higher sterol excretion (7). Fish oils are rich in
EPA and DHA as well as long-chain monounsaturated
fatty acids (C20:1, C22:1 and C24:1). Whether these
fatty acids play a role in the hypolipidemic effect re-
mains to be investigated.

The fatty acid composition of FOC was similar to
that of menhaden oil (Table 4). The fatty acid compo-
sitions of the menhaden oil and FOC used in the present
studies were in agreement with those reported by Bot-
tino et al. (11) and Sanders and Younger (21). The amount
of fatty acids present in the intestinal lymph depended
on whether the dietary triglycerides were hydrolyzed
completely by the pancreatic lipase and on the effi-
ciency of absorption of the free fatty acids and 2-mon-
oglycerides. Although the luminal content was not an-
alyzed, previous studies in our laboratory demonstrated
that unesterified EPA was well absorbed {15). In view
of this and the reports of Bottino et al. {11) and Brock-
erhoff et al. (12} that marine oil triglycerides were not
lipolyzed as efficiently as the common triglycerides by
pancreatic lipase in vitro, the reduced recovery of total
fatty acids in the thoracic lymph may have been the
result of reduced lipolysis rather than poor fatty acid

TABLE 4

Fatty acid composition of lipids added
to test emulsions® (percentage distribution)

Fatty acid Oleicacid Comoil  Menhaden oil FOC
Cl12:0 <1 <1 <1 <1
Cl14:0 <l 1.3 8.8 7.1
C16:0 1.6 115 16.7 16.1
Clé6:1 — — 13.6 9.6
C18:0 1.6 1.8 4.6 43
Cl18:1 942 26.8 14.7 17.0
Cl8:2 1 57.1 1.9 2.2
Cl18:3 — 1.5 <1 <1
C20:0 — — 5.5 1.7
C20:4 — — 1.5 -
C20:5 — — 14.9 15.9
C22:5 — — 1.5 2.1
C22:6 — — 6.9 9.9
Others <3 <l <9 <13

'Analyses of lipid emulsions are described in Materials and Meth-
ods. Values are averages of duplicate aliquots of lipid emulsions.
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TABLE 5

Fatty acid composition of thoracic duct lymph* (percentage distribution)

Fatty Menhaden Significance
acid Control Oleic acid Corn oil oil ‘ FOC level
Cl2:0 <1 1.7 <1 <1 —

C14:0 1515 24 = 06 14 +13 22 £ 05 26 £ 03 NS
Cla:1 1.1 1.1 <1 <1 —

Cl16:0 255 + 1.3 188 = 1.2 180 + 2.1¢ 20.1 = 2.8 224 £ 0.3¢ 0.01
Cl6:1 1.2 £ 0.3* 1.3 = 0.1* — 4.3 + 0.7° 48 = 0.7° 0.01
C18:0 119 = 1.6* 9.1 + 0.6® 8.4 + 1.4 7.6 = 0.8° 8.7 + 0.5 0.01
Cl18:1 20.8 = 1.2° 344 + 39 224 + 3.2° 155 £ 0.5¢ 159 £ 1.5¢ 0.05
Cl18:2 19.0 = 4.1° 14.0 £ 2.5¢ 308 = 4.7¢ 14.6 + 1.8bc 17.4 = 2.5 0.05
Cl18:3 13 1.1 1.6 £ 05 15 + 1.7 28 +03 1.5 £ 04 NS
C20:4 103 = 0.4* 6.5 = 0.7° 6.5 + 0.6° 6.0 = 0.8 6.0 = 0.5 0.01
C20:5 1.2 + 0.4 1.5 = 0.42 1.6 + 0.9 4.7 = 0.7° 59 % 0.5¢ 0.01
C22:6 3.1 £ 0.8*® 19 = 1.7° 1.7 = 0.5 3.5 + 0.6 39 = 0.8 0.05
Others? <4 <6 <8 <18 <11

ITreatment of animals, collection of lymph and analyses are described in Materials and Methods. Values are means + sD for a minimum of

four animals. Means in a horizontal row that do not share a common superscript letter differ significantly at the level shown. NS, not significant.

2Other unidentified fatty acids.

absorption. The present study demonstrated that the
recovery of total fatty acids in the thoracic lymph of
menhaden oil— or FOC-fed rats was lower than that of
com oil—fed rats (Table 6). These results are in agree-
ment with Vahouny’s data (22), which demonstrated
that total fatty acids recovered in lymph after salmon
oil feeding were significantly lower than levels found
after corn oil feeding. Reports that the ingestion of
salmon oil did not result in a typical fat tolerance curve
in humans (14} also appear to support our studies.
The major change in lymph fatty acid composition
was directly related to the dietary fatty acid content.
The higher EPA/AA ratio with the feeding of fish oil
than with comn oil or oleic acid was of interest because
the relative amounts of EPA and AA, which are pre-
cursors of prostaglandins and leukotrienes, may affect
the synthesis of thromboxane A, (TxA,). If an increase
in the EPA/AA ratio were to result in decreased TxA,
synthesis, this might form a basis for some of the pro-
posed benefits of fish oils, as various investigators {23,

TABLE 6
Recovery of absorbed fatty acids®

Dietary Lymph fatty Net increase Recovery relative

group acid (24 h)  over control to comn oil®
mg mg %

Control 92.1 £ 255 —_ —

Com oil 219.7 = 175 127.6 100*

Menhaden oil 164.4 + 203 72.3 56.6 = 15.9*

FOC 1522 + 209 60.1 47.1 + 16.4®

'Treatment of animals, collection of lymph and analyses are de-
scribed in Materials and Methods. Values are mean + sp for a min-
imum of four animals.

2Values that do not share a common superscript letter differ sig-
nificantly (P < 0.01}.

24) have suggested that a decreased amount of TxA, is
cardioprotective.

The present studies demonstrated that marine oil
feeding decreased intestinal cholesterol absorption, re-
duced total fatty acids recovery in the thoracic lymph
and increased the lymphatic EPA/AA ratio. This study
suggested that FOC or menhaden oil in the diet may
play a role in modifying serum lipid levels and increas-
ing the amount of EPA in the thoracic lymph that is
consistent with the cardioprotective role suggested for
dietary fish oils.
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