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High fish oil diet promotes liver inflammation
and activates the complement system
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Abstract. Diets rich in n-3 polyunsaturated fatty acid
(n-3 PUFA) fish oil (FO) have beneficial effects in
obesity-associated metabolic disease. However, contradictory
roles in inflammatory disease intervention have been reported.
Our previous work revealed that a high-FO diet promoted
myeloid cell differentiation by modifying the bone marrow
microenvironment; however, its effects on liver inflammation
and complement system activation remain unknown. By
performing ELISA, reverse transcription-quantitative
polymerase chain reaction, flow cytometry and histology on
mice fed with high-FO and low-fat diets, the present study
demonstrated that a 4-week high-FO diet promoted liver
inflammation in mice without affecting body or liver weight.
The livers of high-FO diet mice exhibited increased infiltration
of T cells and CD11b+ Gr-1+ myeloid cells. Additionally,
a higher level of IL-1p and MCP-1 mRNA expression was
detected, suggesting that the high-FO diet promoted liver
inflammation. Further experiments indicated that the high-FO
diet increased the total hemolytic complement activity (CH50),
promoted the production of the membrane attack complex
and increased the levels of various complement proteins
in vivo, including complement components C3, C4b, Clgb and
factor B. Furthermore, higher concentrations of triglyceride
were detected in the peripheral blood of high-FO diet mice,
indicating the potential protective roles of n-3 PUFAs in FO
against lipotoxicity in hyperlipidemia. Collectively, the present
study demonstrated that high FO intake induced inflammation
and activated the complement system in the liver. However,
further study is required to determine the exact mechanisms.
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Introduction

The immune system defends against the high number of
non-self antigens, including pathogens that threaten host
viability (1). To achieve this, it uses a remarkable array of
immune processes that enable the efficient recognition,
initiation and elimination of harmful antigens to maintain
biological homeostasis (2). The immune response depends
on antigen-specific recognition and is typically classified into
innate and adaptive components, which are mediated by T
and B lymphocytes, and innate immune cells, respectively (3).
There is synergy between these two arms of immunity, medi-
ated by immune components that involve several different
proteins and mediators, including cytokines and the comple-
ment system (4).

The complement system is comprised of >30 proteins
in the plasma and cell membrane, organized through a
hierarchy of proteolytic cascades that are triggered by
initiators (5). Following activation, complement system
components assemble the membrane attack complex (MAC)
to form pores in the cell membrane to destroy target cells.
During complement activation, several potent pro-inflam-
matory mediators, including complement proteins C3a
and C5a, are simultaneously generated. These mediators
further induce anaphylaxis, recruit infiltrating inflamma-
tory immune cells and regulate T cell function (6,7). It has
also been reported that complement activation has a role in
reducing necrotic cell-induced inflammation by clearing
dying cells and thereby aiding in the prevention of autoim-
mune diseases (8,9). Recently, Suresh et al (10) demonstrated
that MAC formation can result in NACHT, LRR and PYD
domains containing protein 3 (NLRP3) inflammasome
activation, which in turn activates caspase-1 and promotes
secretion of the inflammatory cytokines interleukin (IL)-1f
and IL-18. Thus, complement activation can affect inflam-
mation through multiple mechanisms.

In recent decades, the association between lipid metabo-
lism and inflammation or immunity has been widely explored.
Cumulative studies have revealed that a typically western diet
rich in saturated fatty acids and n-6 polyunsaturated fatty
acids (n-6 PUFAs) induces obesity and causes immune cell
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infiltration into adipose tissue (11,12). Thus, dietary fatty acids
can act as pro-inflammatory factors, promoting low-grade
chronic inflammation and insulin resistance in obesity (13-15).
Complement activation may have a key role in these high-fat
diet-induced metabolic diseases (16). Mice deficient in C1
activation or treated with C1 or C2 receptor antagonists have
reduced inflammatory cytokine production and are protected
from high-fat diet-induced metabolic dysfunction (17,18).
Bavia et al (19) demonstrated that C5 contributes to liver
steatosis and inflammation in the pathogenesis of non-alcoholic
liver disease. These data demonstrate the interplay between
dietary fatty acids and the complement system.

In contrast to saturated and n-6 PUFAs, n-3 PUFAs, which
are prevalent in fish oil (FO), are known to have beneficial
anti-inflammatory effects and can attenuate obesity-associated
diseases through various molecular mechanisms (20,21).
Although published studies suggest contradictory roles of
dietary FO in inflammatory disease intervention, the role of
FO in the function and development of immune cells has been
confirmed (22,23). High FO intake can affect lymphocytes and
promote myeloid cell differentiation by modifying the bone
marrow microenvironment (23). However, the precise mecha-
nism of FO in the complement system remains unknown. In
the present study, mice were fed a high FO diet in order to
determine the effect of high dietary FO on complement activa-
tion and inflammation in the liver. The results indicated that
a high FO diet may promote inflammation and complement
activation in the liver.

Materials and methods

Animals. C57BL/6 mice were purchased from the laboratory
animal facility of Yangzhou University (Yangzhou, China)
and bred in a specific-pathogen-free facility. As described
in our previous work (24), 10 6-week-old male C57BL/6
mice (25 g) were fed a low-fat-diet (LFD; Teklad 2914;
Harlan Teklad Research Diets, Inc., Madison, WI, USA)
or a high-FO diet (59% fat, FO diet, DO1112604; Research
Diets, Inc., New Brunswick, NJ, USA) for 4 weeks prior to
experimentation (n=5 each group). The mice were sacrificed
using carbon dioxide (air displacement rate, 15%/min)
and tissues were subsequently collected. Body, liver and
spleen weight were recorded. All protocols were approved
by the Scientific Investigation Board of Jiangsu University
(Zhenjiang, China).

Preparation of single-cell suspensions from mesenteric lymph
nodes (MLNs) and spleens. MLNs and spleens were collected,
cut into small pieces and incubated in RPMI-1640 medium
(PAA Laboratories; GE Healthcare Life Sciences, Little
Chalfont, UK) containing 10% fetal bovine serum (FBS; PAA
Laboratories; GE Healthcare Life Sciences), PBS and colla-
genase IV (5 mg/ml; Invitrogen; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) with constant agitation for 20 min
at 37°C. The tissues were washed in PBS and subsequently
homogenized by pipetting to produce a single-cell suspension.
Cells were passed through a steel mesh filter prior to centrifu-
gation at 51 x g for 5 min at 4°C and re-suspension in PBS. For
splenocyte preparation, red blood cells were destroyed using
an ammonium-chloride-potassium lysis buffer (eBioscience;
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Thermo Fisher Scientific, Inc.) according to the manufacturer's
protocols.

Non-parenchymal cell (NPCs) purification. Liver NPCs
were prepared as previously described, with minor modi-
fications (25). Livers collected from high-FO or LFD mice
were cut into small pieces and incubated in RPMI-1640
medium containing 10% FBS, PBS and collagenase IV
(5 mg/ml; Invitrogen; Thermo Fisher Scientific, Inc.) with
constant shaking for 20 min at 37°C. The tissues were washed
in PBS, homogenized by pipetting to produce a single-cell
suspension and were passed through a steel mesh filter prior
to centrifugation at 51 x g for 5 min at 4°C. Cells were resus-
pended in 40% Percoll (GE Healthcare, Chicago, IL, USA)
and subsequently added to 70% Percoll. The NPCs were
further purified by density centrifugation at 321 x g for 20 min
at 4°C. Cells from the buffy coat layer between the 70 and
40% Percoll were collected and washed with PBS.

ELISA. Blood samples were collected from the anesthetized
mice by cardiac puncture. Serum was prepared by spontaneous
coagulation followed by centrifugation at 900 x g for 20 min at
4°C. The serum was stored at -80°C and multiple freeze/thaw
cycles were avoided. Total hemolytic complement activity
[50% total hemolytic complement activity (CH50; cat.
no.ml001989)], MAC (cat.no. ml002054), C3 (cat.no. m1002033)
and triglyceride (TG) (cat. no. ml037783) serum levels were
quantified by ELISA (Shanghai Enzyme-linked Biotechnology
Co., Ltd., Shanghai, China; http:/www.mlbio.cn/) according to
the manufacturer's protocols.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR) analysis. Liver tissues were harvested, snap-frozen
in liquid nitrogen, and stored at -80°C for further experimenta-
tion. The tissue was homogenized in TRIzol reagent (Thermo
Fisher Scientific, Inc.) using a tissue homogenizer and total
RNA was prepared according to the manufacturer's protocols.
cDNA was synthesized using SuperScript™ III First-Strand
Synthesis System (cat. no. 18080051; Invitrogen; Thermo
Fisher Scientific, Inc.). qPCR was performed using SYBR
Premix Ex Taq II™ (cat. no. RR820; Takara Biotechnology
Co., Ltd., Dalian, China) and Bio-Rad (Bio-Rad Laboratories,
Inc., Hercules, CA, USA) equipment according to the manu-
facturer' protocols. Generally, qPCR cycling was performed
using the following amplification conditions: 95°C for 30 sec,
followed by 40 cycles of 95°C for 15 sec, 60°C for 20 sec, and
72°C for 30 sec. The relative mRNA levels of the target genes
were normalized to (3-actin (26) (Table I).

Flow cytometry. Cell suspensions were incubated with rat
serum (cat. no. 10710C; 1:50; Invitrogen; Thermo Fisher
Scientific,Inc.) at4°C for 10 min to prevent non-specific binding
and were subsequently stained with the following fluores-
cein-labeled antibodies (1:200) at 4°C for 20 min: Anti-T-cell
surface glycoprotein CD3 (CD3; cat. no. 11-0032), anti-T-cell
surface glycoprotein CD4 (CD4; cat. no. 12-0043),
anti-T-cell surface glycoprotein CD8 (CD8; cat. no. 15-0081),
anti-lymphocyte antigen 6 complex locus G (Gr-1; cat.
no. 25-5931), anti-integrin oo M (CDI1b; cat. no. 11-0112) and
anti-receptor-type tyrosine-protein phosphatase C (CD45; cat.
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Table I. Primers used for reverse transcription-quantitative
polymerase chain reaction analysis.

Gene Sequence (5'-3")
C3 F: TGGTGGAGAAAGCAGTGATG
R: ACGGGCAGTAGGTTGTTGTC
C4b F: CAGGACAGAACAGTGGAGCA
R: CCCAAAGGAGCCATCATTC
Clgb F: CAACCTGTGTGTGAATCTCGTT
R: GGTGAACAACCTCCTCTTGC
Factor B F: AAGTGTCAAGAAGGTGGCTCA
R: TCAGGGAGGATAGGAATGCTT
Factor H F: ACCTCGCTGTGTTGGACTTC
R: CCACTTTCCTCCTTCGCATA
MASPI1 F: GCAAGGAGAGGGAAGATGAAG
R: CCTGTTGTCTGTGTGGAGGA
IL-1p F: TGTGAAATGCCACCTTTTGA
R: TGAGTGATACTGCCTGCCTG
MCP-1 F: ATGCAGGTCCCTGTCATG
R: GCTTGAGGTGGTTGTGGA
[B-actin F: TGGAATCCTGTGGCATCCATGAAAC

R:TAAAACGCAGCTCAGTAACAGTCCG

C3, complement component 3; C4b, complement component 4b;
Clgb, complement component 1 q subcomponent f§ polypeptide;
MASP1, mannan-binding lectin serine peptidase 1; IL-1p, inter-
leukin 18; MCP-1, C-C motif chemokine 2.

no. 12-0451) All antibodies were purchased from eBioscience
(Thermo Fisher Scientific, Inc.). Cell samples were washed
with PBS three times prior to assessment by flow cytometry
(FACSCalibur; BD Biosciences, Franklin Lakes, NJ, USA).
Data were analyzed using CellQuest software (version 6.1, BD
Biosciences) or FlowJo (version 8.7, FlowJo LLC, Ashland,
OR, USA).

Histology. Liver samples were harvested, fixed in 4% buffered
formalin at room temperature overnight, dehydrated and
embedded in paraffin (27). Cross sections (5 ym thick) were
stained with hematoxylin and eosin according to the protocol
(cat. no. 60524ES60; Yeasen Co., Ltd., Shanghai, China) and
observed under a light microscope (Axio Observer; Zeiss
AG, Oberkochen, Germany). Images were acquired using
AxioVision software (version 4.8.2, Zeiss AG). All images
were captured at magnification, x400.

Statistical analysis. The data were statistically analyzed
by a two-tailed Student's t-test using GraphPad (version 7.0,
GraphPad Software, Inc., La Jolla, CA, USA) and are presented
as the mean =+ standard error. Experiments were repeated three
times. P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

General evaluation of mice fed high-FO diet. To investigate
the effects of a FO on C57BL/6 mice, male mice were fed
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a high-FO diet for 4 weeks (Fig. 1A). For each diet group,
body, liver and spleen weight was recorded. As we previously
reported (25), the FO diet had no obvious effect on body weight
(Fig. 1B); however, the spleen weight and size were markedly
increased in the FO group (Fig. 1C). There was no significant
difference in the liver weight (Fig. 1D) or the liver/body weight
ratio (Fig. 1E). Although there was no difference in liver weight
between the LFD-fed and FO-fed mice, liver congestion was
observed in the FO-fed cohort by visual inspection (Fig. 1D).
Similarly, changes were observed in the secondary lymphoid
organs of the gut (Fig. 1F). Compared to MLNSs retrieved from
the LFD cohort, which had a pearly white, smooth and trans-
parent surface, the MLNs of FO-fed mice were greasier, more
adhesive and light yellow in color (Fig. 1F). TG serum concen-
tration of mice fed high-FO or LFD diets were determined. As
presented in Fig. 1G, the FO-diet significantly increased the
concentration of TG compared with LFD mice. These results
indicated that the high-FO diet may affect lipid metabolism
and impair peripheral immune organ homeostasis, including
the liver, spleen and MLNs.

High-FO diet induces liver inflammation. As the liver has
important roles in immunity and metabolism, the effects
of the FO diet on the liver were evaluated. NPCs were
isolated and various immune cell populations were analyzed
by flow cytometry. The percentage of CD4+ T cells and
CD8+ T cells among the total population of CD3+ T cells
was determined. The percentage of CD8+ T cells in CD3+
cells was significantly decreased in the high-FO diet group
compared with the LFD group (Fig. 2A and B). By contrast,
the percentage of CD4+ T cells in CD3+ cells significantly
increased in the high-FO diet group compared with the LFD
group (Fig. 2A and B).

Gr-1+ myeloid cells are comprised of Gr-1-high neutro-
phils (CD11b+ Gr-1") and Gr-1-moderate monocytes (CD11b+
Gr-1") (28). The results revealed that CD11b+ Gr-1" and
CD11b+ Gr-1"™ myeloid cell populations were significantly
increased in the livers of the high-FO diet group compared
with the LFD group (Fig. 2C and D), indicating that more
inflammatory immune cells infiltrated the liver following FO
consumption, although no significant difference was observed
by histological examination (Fig. 2E). Pro-inflammatory cyto-
kine profiles in liver tissues were subsequently assessed. IL-13
and C-C motif chemokine 2 (MCP-1) mRNA expression in the
liver tissues of the high-FO diet mice was significantly higher
than those in the LFD group (Fig. 2F). Collectively, these data
demonstrated that the FO diet induced liver inflammation.

High-FO diet feeding promotes complement system activation.
As the liver is one of the major organs involved in complement
protein production, and complement activation is tightly
associated with inflammation and immunity (29), the effects
of the high-FO diet on the complement system were examined.
CHS0 and levels of MAC in the serum were determined.
Significantly higher CH50 (Fig. 3A) and MAC (Fig. 3B)
production was detected in the serum of high-FO diet mice. C3
is the most prevalent protein in the complement system and is
involved in all complement activation pathways (30). ELISA
and RT-qPCR analyses demonstrated that the levels of C3
protein in the serum (Fig. 3C) and mRNA in the liver tissues
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Figure 1. General evaluation of C57BL/6 mice fed a high-FO diet. (A) Mice were fed either a LFD or high-FO diet for 4 weeks Mice were subsequently
euthanized for the analysis of (B) body weight, (C) spleen weight (D) liver weight and (E) liver/body weight ratio. (F) Observable structure of the mesenteric
lymph nodes. (G) Blood samples were collected from mice to prepare serum and TG levels in the serum were analyzed by ELISA. The data are representative
of three independent experiments. n=5 per group. The data are presented as the mean + standard error. ‘P<0.05, “P<0.01, ““P<0.001 vs. LFD group. NS, no
significance; FO, fish oil; LFD, low fat diet; TG, triglyceride.
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Figure 2. A high-FO diet induces liver inflammation. Livers from LFD or high-FO diet mice were collected for analysis of immune cell populations, the
inflammatory cytokine profile and histology. Nonparenchymal hepatic cells were prepared from liver tissue and the percentage of (A) number of CD4+ or
CD8+ T cells among the CD3+ cells was analyzed by flow cytometry and (B) the cell percentage calculated. (C) Number of Gr-1+cells among the CD45+ cells
was analyzed using flow cytometry and (D) the cell percentage was calculated. (E) Representative image of liver histology following hematoxylin and eosin
staining. (F) IL-1 and MCP-1 mRNA expression in liver tissue was determined by reverse transcription-quantitative polymerase chain reaction. The data
are representative of three independent experiments and are presented as the mean + standard error. n=5 per group. 'P<0.05, “P<0.01, ""P<0.001. SSC, side
scatter; FSC, forward scatter; CD3, T-cell surface glycoprotein CD3; CD4, T-cell surface glycoprotein CD4; CD8, T-cell surface glycoprotein CD8; LFD, low
fat diet; FO, fish oil; CD45, receptor-type tyrosine-protein phosphatase C; CD11b, integrin a M; Gr-1, lymphocyte antigen 6 complex locus G; CD11b+ Gr-1",
Gr-1-high neutrophils; CD11b+ Gr-1™, Gr-1-moderate monocytes; IL-1f, interleukin 18; MCP-1, C-C motif chemokine 2.
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Figure 3. A high-FO diet promotes complement system activation. Serum and liver tissues were collected from LFD and high-FO diet mice. (A) CH50 and
(B) the levels of MAC in the serum samples were detected using ELISA. (C) The protein levels of C3 in the serum and (D) mRNA levels of C3 in the liver
tissue were analyzed by ELISA and RT-qPCR, respectively. The mRNA levels in the liver of (E) complement proteins C4b and Clgb in the classical pathway,
(F) factor B and factor H in the alternative pathway and (G) MASP1 in the lectin pathway were determined using RT-qPCR. The relative mRNA levels of
different target genes were normalized to B-actin. The data are representative of three independent experiments and are presented as the mean + standard

ok

error. n=5 per group. "P<0.05, “P<0.01,

P<0.001 vs. LFD group. RT-qPCR; reverse transcription-quantitative polymerase chain reaction; CH50, 50% total

hemolytic complement activity; MAC, membrane attack complex; C3, complement C3; FO, fish oil; LFD, low fat diet; C4b, complement component C4b; Clgb,
complement component 1 q subcomponent 3 polypeptide; MASP1, mannan-binding lectin serine peptidase 1; NS, no significance.

(Fig. 3D) were significantly increased in the high-FO diet
group, compared with the LFD group. Additionally, the mRNA
expression of C4b and C 1gb (Fig. 3E), two other important
activation components in the classical complement activation
pathway, were significantly increased in the liver of the high-FO
diet group, compared with the LFD group. The effects of the
high-FO diet on other pathways of the complement system were
also investigated. Significantly increased mRNA expression of
complement factor B, one component of the alternative pathway,
was detected in the liver (Fig. 3F). Additionally, complement
factor H, an inhibitory complement regulatory protein in the
alternative pathway, was significantly reduced in the high-FO
diet group compared with the LFD group (Fig. 3F). There was
no significant difference in the mRNA level of mannan-binding
lectin serine peptidase 1 (MASP1), a specific component of the
lectin pathway (Fig. 3G). Taken together, these findings indicate
that a high-FO diet may promote complement activation.

Discussion

Our previous study demonstrated that a high-FO diet
promoted myeloid-derived suppressor cell differentiation,
suppressed T-cell-mediated adaptive immunity and promoted
tumor growth through multiple mechanisms, including the
alteration of hematopoiesis and the bone marrow microenvi-
ronment (24). However, the effects of a high-FO diet on the
complement system, a key effector and regulator of innate and
adaptive immunity, are not clear. The present study provided
evidence of complement activation and inflammation in the
liver tissue of mice fed a high-FO diet. After 4 weeks on a
high-FO diet, increased levels of CH50 and MAC were

detected in the serum, indicating that the FO diet increased
complement activation in vivo.

The liver is a unique organ that has important roles in
both the digestive and immune systems. In our previous
study, it was demonstrated that a saturated fatty acid and n-6
PUFA-rich high-fat diet induced low-degree inflammation
in the liver (24). Nevertheless, in the current study, an n-3
PUFA-rich FO diet promoted the infiltration of CD11b+ Gr-1+
inflammatory myeloid cells into the liver, suggesting that the
induction of liver inflammation is mediated specifically by n-3
PUFA-rich feeding, rather than by fatty acids and n-6 PUFAs.
We previously reported that FO feeding modified bone marrow
hematopoiesis and induced splenomegaly in mice (25). In the
present study, a high-FO diet not only increased the weight of
the spleen, but also increased the number of Gr-1+ myeloid
cells in the liver. Considering the similar roles of the spleen and
liver in extramedullary hematopoiesis, the increased myeloid
cell infiltration into the liver was likely closely associated with
the effects of FO on bone marrow hematopoiesis. Higher levels
of MCP-1 in the liver may have also contributed.

The liver contains specialized resident immune cells and
is also the predominant site of complement protein biosyn-
thesis. Although previous studies have demonstrated that most
mammalian cell types are capable of producing some or all of
the complement proteins (31), these extrahepatic complement
proteins are synthesized in a tissue-specific manner and have
biological functions predominantly within the local environ-
ment (32). By contrast, systemic complement proteins are
synthesized in the liver by hepatocytes (33,34). A previous
study demonstrated that complement proteins Clq, C7 and
factor D are predominantly synthesized in extrahepatic
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sites (31). However, the liver is the main source of the major
complement protein C3, although monocyte/macrophage
lineage cells also contribute to extrahepatic C3 production.
In the present study, increased protein and mRNA levels of
C3 were detected in the serum and liver tissue, respectively.
Considering the source and the role of C3 in the complement
system, these data suggest that the high-FO diet induced
increased liver cell synthesis of C3, which has the potential to
upregulate the biological effects of the complement system.
The function of the complement system depends on the
activation of an array of complement components, which
subsequently organize a hierarchy of proteolytic cascades.
Based on their differing initiation factors and comple-
ment components, three different complement activation
pathways have been identified; the classical, alternative
and lectin pathways (35). All pathways use the assembled
MAC to create a pore that mediates cytotoxicity in the target
cell. In the present study, increased levels of MAC were
detected in the serum of the high-FO diet mice, indicating
that complement activation had increased. In the classical
pathway, following initiation by immune complexes, Clq
forms a complex with subcomponents Clr and Cls to form
serine proteases, which cleave C4 into large C4b and small
C4a fragments. In the present study, the mRNA levels of
Clgb and C4b were increased in the high-FO diet mice,
suggesting that the high-FO diet promoted activation of
the classical complement pathway. This finding was further
confirmed by the CH50 analysis, in which increased CH50
was detected in the high-FO group, compared with the LFD
group. The high-FO diet-induced activation of the classical
complement pathway may be initiated by Clq recognition
of modified lipids in vivo (36). Factor B interacts with C3
to activate the alternative complement pathway, which is
negatively regulated by factor H. The present study demon-
strated that factor B mRNA expression was increased,
and the mRNA expression of negative regulatory protein
factor H was reduced in the liver of high-FO diet mice,
indicating that the alternative pathway was activated. The
association between the complement system, metabolism
and inflammasome activation has been extensively research.
Anaphylatoxins C3a and C5a, products of complement acti-
vation, have been confirmed as important drivers of NLRP3
activation, through induction of IL-1p gene transcription
in monocytes (37-39). Consistent with these findings, high
mRNA levels of IL-1f3 were detected in the liver of FO-fed
mice in the present study, indicating that IL-1f may be
involved in high-FO diet-mediated complement activation.
The data of the present study is consistent with the findings
of previous studies (18,40) that demonstrated that comple-
ment activation is closely associated with lipid metabolism
in the liver and contributes to liver homeostasis and disease.
TG is the storage form of excess free fatty acids.
Generally, adipose tissues have the capacity to store excess
free fatty acids as TGs in lipid droplets; however, excess
lipid accumulation in non-adipose tissues can cause cell
death or dysfunction, which is termed lipotoxicity. It has
been demonstrated that unsaturated fatty acids have protec-
tive roles against lipotoxicity in hyperlipidemic states
through promoting TG accumulation (41). Compared with
the LFD group, the high-FO diet group in the present study
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was fed a variety of n-3 PUFAs, including eicosapentaenoic
acid, docosapentaenoic acid and docosahexaenoic acid.
Unfortunately, this FO diet also contained more saturated
fatty acids and n-6 PUFAs than the LFD, including palmitic
acid (PA) and myristic acid (MA). The concentration of
PA and MA in the high-FO diet was 24.3 and 51.9 g/kg,
respectively, but these saturated fatty acids were at very
low concentrations in the LFD (25). Thus, the high TG
level in the serum following FO feeding largely depended
on the higher intake of saturated fatty acids. Similarly,
previous work demonstrated that excess saturated fatty
acids and n-6 PUFAs in the diet induced complement
activation and contributes to obesity-associated metabolic
diseases (16). Thus, although the exact mechanism of the
effects of a high-FO diet in the activation of complement
and liver inflammation was not been clearly demonstrated
in this study, saturated fatty acids and n-6 PUFAs in a high
FO diet may partly contribute. In addition, the exact role
and potential mechanisms of n-3 PUFAs in the activation
of complement and liver inflammation should be further
explored using purified DHA and PEA. As fish oil is
currently been used in the prevention and therapy of cardio-
vascular diseases, the side effects of the high-FO diet in
complement activation need to be avoided in this treatment.
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