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Abstract

This study investigated the effects of fish oil on adhesion molecule expression and tissue myeloperoxidase (MPO) activity in
hypercholesterolemic mice with sepsis. There were one control and two experimental groups in this study. The control group (C) was fed a
regular chow diet for 7 weeks, while hypercholesterolemia in the experimental group was induced by feeding a high-fat diet (20%, w/w) with
cholesterol (2%, w/w) for 4 weeks. Then the experimental group was divided into two subgroups with identical nutrient distributions except
that one subgroup was fed soybean oil (SO), while part of the soybean oil was replaced by fish oil (FO) in the other one for 3 weeks. After
feeding the diets for 7 weeks, sepsis was induced in all three groups by cecal and ligation and puncture (CLP), and mice were sacrificed at 0,
6 or 24 h after CLP, respectively. The results showed that the FO group had a higher intracellular interferon-γ/interleukin-4 ratio and lower
tumor necrosis factor-α and monocyte chemoattractant protein-1 concentrations in peritoneal lavage fluid at 6 h after CLP than those in the
C and SO groups. Lymphocyte CD11a/CD18 expressions were higher at 0 and 6 h and neutrophil CD11b/CD18 were higher at 6 h in the SO
group than in the FO and C groups. The SO group had higher plasma intercellular adhesion molecule (ICAM)-1 levels than C group at 0 and
6 h, whereas no difference in ICAM-1 concentrations were observed between the C and FO groups at 0 h after CLP. Hypercholesterolemia
resulted in higher tissue MPO activities. There were no differences in MPO activities in various organs between the two experimental groups.
These results suggest that hypercholesterolemic mice fed FO did not exhibit immunosuppression when complicated with sepsis. FO
administration reduced adhesion molecule expressions and inflammatory-related mediators at the site of injury at an early but not a late stage
of sepsis. However, compared with the SO group, the influences of FO on MPO activities in various organs were not obvious in
hypercholesterolemic mice with sepsis.
© 2009 Elsevier Inc. All rights reserved.
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1. Introduction

Cardiovascular diseases (CVDs) constitute the most
common causes of death in Western societies and in Taiwan.
Hypercholesterolemia resulting from long-term consumption
of a high-fat, high-cholesterol diet increases the incidence of
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CVDs. CVDs evoke a specific form of a chronic inflamma-
tory process that may result in endothelial dysfunction [1].
Endothelial dysfunction accompanied by up-regulated
inflammatory mediators is a major contributing factor to
the pathogenesis of vascular diseases [2]. Hypercholester-
olemia usually occurs prior to the onset of atherosclerosis
and renders tissue more susceptible to inflammation [3].

Sepsis is a common clinical problem with extremely high
mortality rates. Several components of the immune system
are implicated in the process of sepsis, including the release
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Table 1
Composition of the experimental diets (g/kg)

Component Soybean oil (SO) Fish oil (FO)

Soybean oil 200 154
Fish oil 0 46
Casein 200 200
Maize starch 498 498
Cholesterol 20 20
Salt mixture a 35 35
Vitamin mixture b 10 10
Methyl cellulose 31 31
Choline bitartrate 3 3
Methionone 3 3

a The salt mixture contained the following (mg/g): calcium phosphate
diabasic, 500; sodium chloride, 74; potassium sulfate, 52; potassium citrate
monohydrate, 20; magnesium oxide, 24; manganese carbonate, 3.5; ferric
citrate, 6; zinc carbonate, 1.6; cupric carbonate, 0.3; potassium iodate, 0.01;
sodium selenite, 0.01 and chromium potassium sulfate, 0.55.

b The vitamin mixture contained the following (mg/g): thiamin
hydrochloride, 0.6; riboflavin, 0.6; pyridoxine hydrochloride, 0.7; nicotinic
acid, 3; calcium pantothenate, 1.6; D-biotin, 0.05; cyanocobalamin, 0.001;
retinyl palmitate, 1.6; DL-α-tocopherol acetate, 20; cholecalciferol, 0.25 and
menaquinone, 0.005.
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of proinflammatory mediators and activation of endothelial
cells (ECs) and polymorphonuclear leukocytes (PMNs)
[4,5]. On activated endothelium, members of immunoglobin
family of adhesion molecule — intercellular adhesion
molecule (ICAM) and vascular cell adhesion molecules
(VCAMs) — are expressed. CD11a/CD18 and CD11b/
CD18 are members of the leukocyte adhesion molecule β2
integrin. Cellular adhesion molecules (CAMs) and integrins
play central roles in mediating the firm adhesion of
leukocytes to ECs [6]. Overexpressions of these adhesion
molecules facilitate leukocyte-endothelial interactions,
which result in endothelial dysfunction and tissue damage
[7,8]. The macrophage-derived chemokine, monocyte che-
moattractant protein-1 (MCP-1), plays a significant role in
the recruitment of leukocytes during endotoxemia and
atherosclerosis [9,10]. Elevated levels of MCP-1 have been
detected in the plasma of patients with sepsis [11].

Fish oil is rich in the n-3 fatty acids (FAs), eicosapentae-
noic acid (EPA) and docosahexaenoic acid (DHA). A
number of clinical trials have shown that fish oil has
immune modulatory effects [12,13]. The major advantages
of n-3 FAs are related to their postulated reductions in
proinflammatory effects. The anti-inflammatory effect of
fish oil has been shown by its ability to suppress
proinflammatory cytokines and modulate the gene expres-
sion of adhesion molecules [14]. A study by Zhang et al. [15]
showed that the anti-inflammatory effect of fish oil was due
to the suppression of Th1 cytokine production. Several
studies have shown that dietary fish oil has beneficial clinical
effects on Th1-mediated diseases including rheumatic
arthritis, multiple sclerosis, insulin-dependent diabetic
mellitus, etc. [16]. However, some studies revealed that
fish oil supplementation suppresses lymphocyte proliferation
and interleukin (IL)-2 production and has immunosuppres-
sive properties [17,18]. In accordance with such observa-
tions, laboratory animals fed fish oil showed lower survival
to challenges with bacteria than those fed other types of fat
[19,20]. Conflicting results were also observed in septic
conditions when n-3 FAs were administered [20,21]. We
designed this study to investigate the effect of fish oil on the
inflammatory response in hypercholesterolemic mice com-
plicated with sepsis because animal models sometimes fail to
mimic human sepsis. Most animal studies are performed
acutely in young healthy animals, whereas a significant
percentage of the clinical population is elderly with many
secondary complications such as diabetes, systemic vascular
disease, hypertension, etc. [22]. Previous studies concerned
with the influence of fish oil focused exclusively on the
condition of hyperlipidemia or sepsis. Studies investigating
the effects of dietary fish oil on comorbidities are rare.
Therefore, we induced polymicrobial sepsis after treating
hypercholesterolemic mice with fish oil to investigate the
effect of n-3 FAs on adhesion molecules and inflammatory
cytokines. Because oxyradicals released from leukocytes
that accumulate in organs may damage organ cells and
induce organ dysfunction [23], we analyzed the myeloper-
oxidase (MPO) activities in organs as an indicator for
identifying the extent of tissue injury resulting from
hypercholesterolemia with sepsis.
2. Materials and methods

2.1. Animals

Male ICR mice weighing 25–30 g were purchased from
the Animal Center of National Taiwan University, College
of Medicine. Mice were maintained in a temperature-
(23±2°C) and humidity-controlled (55%±15%) room with
a 12-h light/dark cycle. All mice were allowed free access
to a standard chow diet and water for 1 week before the
study. All experimental procedures of the laboratory
animals were approved by the Animal Care Committee
of Taipei Medical University.

2.2. Experimental design and procedures

There were one control and two experimental groups in
this study. The control group was fed a standard chow diet
(C, n=30) for 7 weeks. The experimental groups were fed a
high-fat (20%, w/w) with cholesterol (2%, w/w) semipur-
ified diet for 4 weeks to induce hypercholesterolemia.
Then, mice in the experimental groups were divided into an
fish oil group (FO, n=30) and soybean oil group (SO,
n=30). The SO group was exclusively fed soybean oil
(Taiwan Sugar, Taipei, Taiwan), while the FO group had
23% fish oil (Denofa, Fredrikstad, Norway) and 77%,
soybean oil, for 3 weeks (Table 1). The fish oil contained
34% EPA, 27% DHA and 72% total n-3 FAs, while the
mixed tocopherols were 2.4 mg/g. The n-3/n-6 ratio in the
FO group was 1:2 in this study. The soybean oil contained
6.5% n-3 FAs and 55% n-6 FAs according to the
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manufacturer. The n-3 FAs content in the FO and SO diets
were 8.6% and 2.6% of total energy. After feeding the
respective diets for 7 weeks, sepsis was induced in all three
groups of mice by cecal and ligation and puncture (CLP)
according to the method of Ayala et al. [24]. Briefly, mice
were lightly anesthetized with ether, and their abdomens
were opened through a midline incision. The cecum was
punctured twice with a 22-gauge needle, and fecal residue
was allowed to exclude. After CLP, the cecum was replaced
into the abdominal cavity, and the abdominal wound was
closed in layers. Mice in each group were sacrificed at 0, 6
and 24 h after CLP, respectively. Blood was collected by
heart puncture and transferred into tubes containing EDTA-
Na2 for the CD11a/CD18, CD11b/CD18, interferon (IFN)-
γ, IL-4, cholesterol and ICAM-1 analyses. The abdomen
was opened, and the peritoneal cavity was lavaged with
2 ml phosphate-buffered saline (PBS). The peritoneal
lavage fluid (PLF) was collected for the tumor necrosis
factor (TNF)-α, monocyte chemoattractant protein (MCP)-1
and prostaglandin (PG) E2 analyses. Tissues including the
liver, heart, kidneys and lungs were rapidly harvested and
stored at −80°C for the measurement of MPO activities.

2.3. Measurements of plasma triglyceride, cholesterol and
ICAM-1 concentrations

Plasma triglyceride (TG), cholesterol levels were deter-
mined by a colorimetric method after an enzymatic reaction
with peroxidase (Randox, Antrim, Ireland). Concentrations
of ICAM-1 were measured using a commercially available
enzyme-linked immunosorbent assay (ELISA) kit (R&D
Systems, Minneapolis, MN, USA). Antibodies specific for
mouse ICAM-1 were coated onto the wells of the microtiter
strips provided. Procedures followed the manufacturer's
instructions. The detection limit for ICAM-1 was 0.03 ng/ml.

2.4. Measurement of TNF-α, MCP-1 and PG E2 levels
in PLF

Concentrations of TNF-α and MCP-1were measured
using commercially available ELISA kits. Antibodies
specific for mouse TNF-α and MCP-1 were coated onto
the wells of the microtiter strips provided (R&D Systems).
PG E2 concentrations were also measured by ELISA. The
surfaces of the microtiter plates were precoated with a mouse
monoclonal antibody. Acetylcholinesterase covalently
coupled to PG E2 was used as the enzymatic tracer (R&D
Systems). The detection limits for TNF-α, MCP-1 and PG E2

were 5, 2 and 10 pg/ml, respectively.

2.5. Analysis of CD11a/CD18 distributions in lymphocytes
and PMN expressions of CD11b/CD18

One hundred microliters of fresh blood was incubated
with 10 μl fluorescine isothiocynate (FITC)-conjugated rat
monoclonal anti-mouse CD11a and phycoerythrin (PE)-
conjugated rat monoclonal anti-mouse CD18 (Serotec,
Oxford, UK) for 15 min at 4°C. FITC-conjugated rat
immunoglobin G (IgG) 2a (IgG2a) and PE-conjugated rat
IgG2a were used for the isotope control (Serotec).
Subsequently, erythrocytes were lysed with lysis buffer.
The distribution of CD11a/CD18 expressed on lympho-
cytes was analyzed by flow cytometry (Beckman Coulter,
Miami, FL, USA) The data are presented as a percentage
of CD11a-presenting cells in 1×105 leukocytes. To
measure CD11b/CD18 expression on PMN, FITC-con-
jugated rat monoclonal anti-mouse CD11b and PE-
conjugated rat monoclonal antimouse CD18 (Serotec)
were added to 100 μl of fresh blood. The isotope control
was the same as that mentioned above. Fluorescence data
were collected on 1×105 leukocytes, which were also
analyzed by flow cytometry. The results are presented as
a percentage of CD11b/CD18 expression in 1×105

leukocytes. Lymphocytes and PMNs were gated on the
basis of the forward- and side-scatter profiles and were
analyzed for the expressions of CD11a/CD18 and CD11b/
CD18, respectively.

2.6. Analysis of intracellular IFN-γ and IL-4 percentage

Percentages of intralymphocyte IFN-γ and IL-4 expres-
sions in fresh blood were analyzed by flow cytometry.
Fifty microliters of fresh blood was immediately incubated
with 100 μl Leucoperm (Serotec) reagent A for 15 min at
room temperature to fix the leukocytes, then 5 ml PBS was
added and centrifuged for 5 min at 300g. After discarding
the supernatants, 100 μl Leucoperm reagent B was added
to the cell pellets to penetrate the leukocytes. After that,
10 μl FITC-conjugated rat monoclonal anti-mouse IFN-γ
(XGM1.2, Serotec) and 5 μl PE-conjugated IL-4 (BVD
6-24G2, Serotec) were incubated for 30 min at room
temperature. FITC-conjugated rat IgG1 and PE-conjugated
rat IgG1 were used for the isotope control (Serotec).
Penetrated and incubated leukocytes were washed with
PBS. After removing the supernatant and resuspending
cells in the sheath fluid, lymphocytes were gated on the
basis of their forward- and side-scatter profiles. The results
are presented as a percentage of cytokine-producing cells
in 1×105 lymphocytes.

2.7. Measurement of MPO activity in organs

The method of measuring MPO activity was modified
from that previously described [25]. Tissue samples were
homogenized with 50 mM potassium phosphate buffer (pH
6.0), and centrifuged at 2000g at 4°C for 15 min. After
discarding the supernatant, the pellets were suspended in a
solution containing 0.5% hexadecyl-trimethyl-ammonium
bromide dissolved in potassium phosphate buffer (pH 7.0)
and centrifuged for 30 min at 15,000g at 4°C. An aliquot of
the supernatant was then allowed to react with a solution of
tetra-methyl-benzidine (1.6 mM) and 0.1 mMH2O2. The rate
of change in the absorbance was measured by a spectro-
photometer at O.D. (optical density) 650 nm. The MPO
activity was defined as the quantity of enzyme degrading
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1 μmol of peroxide per min at 37°C and the data are
expressed in units per gram weight of wet tissue.

2.8. Statistical analysis

All data are expressed as the mean±S.D. Differences
among groups were analyzed by two-way ANOVA using
Duncan's multiple-range test as the post hoc analysis. A
P value of b .05 was regarded as statistically significant.
Fig. 2. TNF-α concentrations in peritoneal lavage fluid at different time
points after CLP among the C, FO and SO groups. *Significantly different
from the C and SO groups at the same time point (Pb.05).
3. Results

3.1. Body weights and plasma lipid levels

There were no differences in the initial body weights.
After feeding the various diets for 7 weeks, the body
weights of the mice in the experimental groups were
significantly higher than those in the control group (47.4±
4.3 vs. 41.3±2.8 g, Pb.05). Plasma cholesterol levels were
higher in the hypercholesterolemic groups than in the
control group (173.8±11.8 vs. 103.3±7.8 mg/dl, Pb.05),
whereas TG levels were lower in the hypercholesterolemic
groups than in the control group (25.7±3.8 vs. 38.3±
7.1 mg/dl, Pb.05). There were no differences in plasma
cholesterol concentrations or body weights between the FO
and SO groups. Also, no differences were observed before
and after sepsis in both experimental groups (data not shown).

3.2. PG E2, TNF-α and MCP-1 concentrations in PLF

PG E2 concentrations were significantly higher in the
experimental groups than the control group at 6 and 24 h
after CLP. No significant differences were observed
between the FO and SO groups at various time points
(Fig. 1). Concentrations of TNF-α (Fig. 2) and MCP-1
(Fig. 3) were significantly lower in the FO group than the
control and SO groups at 6 h after CLP.

3.3. Intralymphocyte IFN-γ/IL-4 ratio

The intralymphocyte IFN-γ/IL-4 ratio in the FO group
was significantly higher than those in the control and SO
groups 6 h after CLP (Fig. 4).
Fig. 1. Concentrations of PG E2 in peritoneal lavage fluid at different time
points after CLP in the C, FO and SO groups. Values are expressed as the
mean±SD. *Significantly different from the C group at 6 h (Pb.05).
3.4. Expressions of CD11a/CD18 on lymphocytes and
CD11b/CD18 on PMNs

Lymphocyte CD11a/CD18 expressions were higher at 0
and 6 h in the SO group than in the FO and control group.
The percentages of CD11a/CD18 were higher at 24 h in the
FO and SO groups than in the control group (Fig. 5A).
Neutrophil CD11b/CD18 expressions were higher in the SO
group than in the FO and control group at 6 h. CD11b/CD18
expressions were significantly higher in the FO group than in
the control group, whereas there were no differences
between the FO and SO groups at 24 h after CLP (Fig. 5B).

3.5. Plasma ICAM-1 levels

The SO group had higher ICAM-1 levels than the control
and FO groups at 0 h, and the concentrations of ICAM-1 in
the FO and SO groups were higher than that of the control
group 6 h after CLP. No significant differences in ICAM-1
concentrations were observed between the 2 experimental
groups at 6 and 24 h after CLP (Fig. 6).

3.6. MPO activities in the liver, lungs, kidneys and intestines

Tissue MPO activities increased with the progression of
sepsis. Both the FO and SO groups had higher MPO
Fig. 3. Macrophage chemoattractant protein-1 (MCP-1) concentrations in
peritoneal lavage fluid at different time points after cecal ligation and
puncture (CLP) among the control (C), fish oil (FO) and soybean oil (SO)
groups. MCP-1 concentrations were not detectable at 0 h. *Significantly
different from the C and SO groups at the same time point (Pb.05).



Fig. 6. Concentrations of plasma intercellular adhesion molecule-1
(ICAM-1) during sepsis in the control (C), fish oil (FO) and soybean oil
(SO) groups. *Significantly different from the C group at the same time
point (Pb.05).

Fig. 4. The ratio of intra-lymphocyte interferon (IFN)-γ to interleukin (IL)-4
at different time points after cecal ligation and puncture (CLP) in the control
(C), fish oil (FO) and soybean oil (SO) groups. *Significantly different from
the C and SO groups at 6 h (Pb.05).
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activities than those in the control group in the liver at 0 and
6 h and in the kidney at 6 h after CLP. The FO group had
higher MPO activities in the kidneys, whereas the SO group
had higher activities in the lungs than in the control group at
24 h after CLP. There were no differences in MPO activities
between the SO and FO groups in various organs at any time
point (Table 2).
4. Discussion

In this study, the n-3/n-6 ratio was adjusted to 1: 2 in the
FO group. This ratio is considered to exert the most
favorable modulation of lipid mediator synthesis [26]. We
used CLP as a sepsis model because CLP is clinically
Fig. 5. Expressions of lymphocyte CD11a/CD18 (A) and neutrophil CD11b/
CD18 (B) during sepsis in the control (C), fish oil (FO) and soybean oil (SO)
groups. Values are expressed as the mean±SD depicted by vertical bar.
*Significantly different from the C group at the same time point (Pb.05).
†Significantly different from the C and FO groups at 6 h after CLP (Pb.05).
relevant and is considered a simple and reproducible model
of gut-derived sepsis in rodents [27]. We observed that the
experimental groups had lower plasma TG levels than the
control group after feeding high fat diet for 7 weeks. This
result was similar with the study by Petit et al. [28], they
reported that chronic high fat diet influenced the absorp-
tion of fat and thus reduced blood TG levels. Besides,
control group fed with chow diet had higher carbohydrate
content than those in the test diets that may enhance
endogenous TG synthesis.

PG E2 is a product of arachidonic acid metabolism.
Numerous studies have shown that an increased dietary
intake of n-3 FAs suppresses PG E2 synthesis [13,29].
However, a study reported that high fat intake reduced PG E2

production, and no further reduction was observed when n-3
polyunsaturated fatty acids intake increased [30]. This result
was in agreement with our finding that compared with the
SO group, the PG E2 level was not lowered in the FO group
when 20% (w/w) fat was provided as in this study. TNF-α is
an important mediator involved in the onset and regulation of
Table 2
MPO activities in organ homogenates

Liver Kidneys Intestines Lungs

(U/g tissue)

0 h
C 0.45±0.24 4.57±1.28 0.16±0.09 4.47±2.31
FO 0.98±0.28 ⁎ 5.77±2.43 0.19±0.11 4.20±0.75
SO 0.94±0.65 ⁎ 7.66±2.71 ⁎ 0.24±0.11 5.06±2.41
6 h
C 0.59±0.37 4.34±1.64 0.20±0.09 5.52±1.82
FO 0.86±0.32 ⁎ 6.58±2.48 ⁎ 0.22±0.11 4.51±1.61
SO 0.98±0.50 ⁎ 8.19±2.18 ⁎ 0.23±0.07 4.64±1.44
24 h
C 1.51±0.71 † 6.48±1.55 0.36±0.14 † 2.92±1.67
FO 1.44±0.57 † 8.83±1.89 ⁎, † 0.29±0.17 4.43±1.44
SO 1.19±0.25 7.53±1.39 0.30±0.09 5.79±2.02 ⁎

⁎ Mean values significantly differed from those of the C group at the
same time point: Pb .05.

† Mean values significantly differed from those of the other time points
in the same groups: Pb .05.
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inflammatory and immune responses. Circulating TNF-α is
associated with a significant pathologic change, possibly
leading to mortality [31], suggesting that TNF-α synthesis
must be controlled. In this study, we found that TNF-α
concentrations were lower in the FO group than the SO
group at the early stage of sepsis. This finding is consistent
with MCP-1 levels in PLF in the FO group. MCP-1 increases
with the inflammatory response and is involved in the
recruitment of peripheral blood leukocytes to the peritoneal
cavity [9,11]. An in vitro study showed that both EPA and
DHA effectively decreased lipopolysaccharide-induced
MCP-1 expression, and PPAR-γ activated by EPA and
DHA may be one of the underlying mechanisms responsible
for the beneficial effects of fish oil [32]. The lowered TNF-α
and MCP-1 levels observed in this study suggest that FO
supplementation reduced the inflammatory response in the
high-fat, high-cholesterol-induced hypercholesterolemic
mice with sepsis.

Cytokines are produced by various cells of the immune
system and act as mediators of the immune and inflammatory
responses. The cytokine profiles are related to the severity of
different types of infection and are determined by two
functional subsets of T lymphocytes, Th1 and Th2. Th1
cytokines, including IL-2 and IFN-γ, enhance cell-mediated
immunity, whereas Th2 cytokines, including IL-4 and IL-10,
enhance humoral immunity. Studies have shown that a
marked depression in cellular immunity occurs after the
onset of sepsis, and the Th2 cytokine, IL-4, is responsible for
the immunosuppression and death associated with poly-
microbial sepsis [24,33]. We directly measured intra-
lymphocyte IFN-γand IL-4 production to investigate the
effect of fish oil on Th1- and Th2-type responses in
hypercholesterolemic mice with sepsis. The results showed
that the ratio of IFN-γ/IL-4 increased after fish oil
administration, indicating that the Th1 response was not
suppressed. Previous study demonstrated that MCP-1
promotes Th2 development and increases the production of
IL-4 [34]. In this study, we found that FO feeding resulted in
lower MCP-1 levels that may reduce IL-4 production and
consequently led to a lower IFN-γ/ IL-4 ratio.

CD11a/CD18 is exclusively expressed on leukocytes and
CD11b/CD18 is abundant in PMNs [6]. Excessive expres-
sion of these integrins may induce an inflammatory response
and tissue injury [7]. ICAM-1 is a cell-surface protein
expressed on the vascular endothelium which plays an
important role in transendothelial migration of leukocytes
through binding to β2 integrin [35]. Plasma ICAM-1 levels
are considered to be a biochemical marker for the risk of
cardiovascular disease in healthy individuals [36]. A study
by Miles et al. [37] showed that dietary fish oil reduced
ICAM-1 expression on murine peritoneal macrophages and
may ameliorate macrophage-induced plaque formation.
Also, an in vitro study showed that ECs treated with n-3
FAs inhibited cytokine-induced expression of adhesion
molecules [38]. In this study, we found that the CD11a,
CD11b and ICAM-1 were activated in hypercholesterolemic
mice with sepsis. Compared with mice fed SO, FO
administration resulted in lower integrin and ICAM-1
expressions in the early stage of sepsis. These findings
indicate that CAM-mediated cell interactions may be
attenuated when FO is administered at an early stage of
sepsis in hypercholesterolemic mice.

MPO predominantly originates from activated neutro-
phils and monocytes. MPO plays an important role in
leukocyte-mediated vascular injury and exerts potent
proatherogenic effects [23,39]. This enzyme has been
identified in human vascular plaques and elevated MPO
levels can be used to predict the risk of coronary artery
disease in healthy adults [40]. In the present study, we found
that hypercholesterolemia resulted in an increase of MPO
activities in different organs, but no differences in MPO
activities in various organs were found between the SO and
FO groups. This finding may indicate that hypercholester-
olemia results in the infiltration of neutrophils into organs,
and the progress of sepsis may even promote the accumula-
tion of neutrophils in tissues. However, the influence of FO
administration on organ MPO activities in hypercholester-
olemic mice with sepsis seemed obscure.

In summary, this study demonstrated that feeding fish
oil to hypercholesterolemic mice did not result in immuno-
suppression when complicated with sepsis. Fish oil admin-
istration reduced adhesion molecule expressions and
inflammatory-related mediators at the site of injury at an
early but not a late stage of sepsis. However, compared with
the SO groups, the influences of fish oil on MPO activities in
various organs were not obvious in hypercholesterolemic
mice with sepsis.
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