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Arachidonic acid/docosahexaenoic acid-supplemented

diet in early life reduces body weight gain, plasma lipids,

and adiposity in later life in ApoE*3Leiden mice
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Scope: This study addresses whether early life arachidonic acid (ARA)/docosahexaenoic acid
(DHA) supplementation or eicosapentaenoic acid (EPA)/DHA (Omacor) supplementation af-
fects body weight gain, lipid metabolism, and adipose tissue quantity and quality in later life in
ApoE*3Leiden-transgenic mice, a humanized model for hyperlipidemia and mild obesity.
Methods and results: Four-week-old male ApoE*3Leiden mice were fed chow diet with or
without a mixture of ARA (0.129 wt%) and DHA (0.088 wt%) or Omacor (0.30 wt% EPA,
0.25 wt% DHA). At age 12 weeks, mice were fed high-fat/high-carbohydrate (HFHC) diet
without above supplements until age 20 weeks. Control mice received chow diet throughout
the study. Mice receiving ARA/DHA gained less body weight compared to control and this
effect was sustained when fed HFHC. Omacor had no significant effect on body weight gain.
Plasma cholesterol and triglycerides were significantly lowered by both supplementations. At
20 weeks, epididymal fat mass was less in ARA/DHA-supplemented mice, while Omacor had
no significant effect on fat mass. Both ARA/DHA and Omacor reduced inguinal adipocyte cell
size; only ARA/DHA significantly reduced epididymal macrophage infiltration.
Conclusion: This study shows that early life ARA/DHA, but not Omacor supplementation
improves body weight gain later in life. ARA/DHA and to a lesser extent Omacor both improved
adipose tissue quality.
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1 Introduction

Obesity is an important risk factor for metabolic diseases such
as type 2 diabetes and has become a major health problem
over the last decades. The prevalence of obesity has reached
epidemic proportions and the escalating number of children
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and adolescents with severe overweight worldwide is of con-
cern.

Excessive energy intake, lack of physical activity, and
(epi)genetic susceptibility are underlying causes of obesity.
In addition, poor food quality (e.g. energy dense foods such
as those rich in unsaturated fat and sugars) may play an im-
portant role in the development of obesity [1]. Further, the
shift towards increased dietary n-6 and decreased n-3 polyun-
saturated fatty acids (PUFAs) is thought to be associated with
the observed increase in obesity [2, 3]. Indeed, an increased
dietary intake of n-6 PUFAs, especially in periods of growth
and development, has been reported to coincide with an in-
creased fat mass gain [4, 5]. In contrast, dietary intake of n-3
PUFAs reduces body weight gain and adiposity [6]. Besides,
n-3 PUFAs are associated with several beneficial effects on
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Figure 1. Schematic overview of experimental design. CON,
Chow diet; HFHC, high-fat high-carbohydrate diet, ARA, arachi-
donic acid supplementation; DHA: docosahexaenoic acid sup-
plementation. Omacor contains eicosapentaenoic acid (EPA) and
DHA. NA, not available.

health such as improvement of insulin sensitivity, reduced
accumulation of liver and muscle fat [7], increased glucose
utilization in skeletal muscle [8], and enhanced mitochon-
drial and peroxisomal beta-oxidation [9].

Accumulating evidence suggests that the susceptibility for
metabolic diseases may be influenced early in life [10, 11].
It has been suggested that the type, quantity, and ratio of
n-3 and n-6 PUFAs that are consumed during childhood
may determine the adult metabolic profile and risk factors
of disease [12]. Arachidonic acid (ARA) and docosahexaenoic
acid (DHA) are n-6 and n-3 long chain (LC)-PUFAs, respec-
tively, proven to support brain and visual development in
infants [13]. Their dietary supplementation early in life is
therefore considered to be health beneficial. When provided
during perinatal stage, LC-PUFAs exhibited promising po-
tency in the prevention and treatment of obesity. Donahue et
al. demonstrated an enhanced maternal–fetal n-3 LC-PUFA
status to be associated with lower childhood adiposity [14],
however, data on the effects of early life dietary LC-PUFAs
intervention on obesity are lacking.

The present study addresses two important outstanding
questions. Firstly, can dietary supplementation with a well-
defined n-6/n-3 LC-PUFA mixture of ARA/DHA as present
in breast milk or a clinically applied n-3 LC-PUFA mixture
EPA/DHA (OMACOR R©) during early life reduce body weight
gain? Secondly, do these PUFA supplementations in early life
beneficially affect body weight gain and metabolism in later
life under adipogenic conditions?

To this end, male ApoE3Leiden-transgenic mice, a hu-
manized animal model for hyperlipidemia and mild obesity
[15, 16] were fed a chow diet rich in ARA/DHA or OMA-
COR for 8 weeks in early life (from weaning at 4 weeks to
12 weeks of age), after which the mice were exposed for
8 weeks to a mildly obesogenic high-fat/high-carbohydrate
(HFHC) diet. Parameters that were evaluated include body
weight, adiposity quantity and quality, as well as metabolic
parameters.

2 Materials and methods

2.1 Ethics statement

The animal experiments were approved by an independent in-
stitutional ethical committee on animal care and experimen-
tation (Zeist, The Netherlands), approval number DEC2844.

2.2 Animals and diets

Four-week old male heterozygous ApoE*3Leiden-transgenic
mice originated from the SPF breeding stock at TNO-
Metabolic Health Research, Leiden, The Netherlands. Mice
were housed in Macrolon cages (3–5 mice per cage) in clean
conventional animal rooms (relative humidity 50–60%, tem-
perature ∼21�C, light cycle 7 a.m.–7 p.m.) and had access to
acidified tap water and diet ad libitum.

A blood sample for baseline measurements was taken by
tail incision after 4 h of fasting and weaning was commenced.
Mice were divided into three groups matched for body weight
(Fig. 1). A first group (n = 30; control group; “CON” group)
received chow diet (Sniff R/M diet V1530, Uden, The Nether-
lands; Supporting Information Table S1). A second group
(n = 30) was fed chow diet supplemented with 0.129%
(w/w) ARA (Martek, Columbia, MD) and 0.088% (w/w)
DHA (Martek; “ARA/DHA” group). A third group (n = 15)
also received chow diet but supplemented with OMACOR R©

(Pronova, Biocare, Lysaker, Norway; 0.66% w/w), which
equals 0.30% (w/w) EPA and 0.25% (w/w) DHA (“OMA-
COR” group). This period of week 4 to week 12 was defined
as “early life”.

At age 12 weeks, 8 weeks after starting the experimental
diets, the CON group was split into two: one group (n = 15)
continued on chow diet (“CON→CON”), the other group (n =
15) was switched to a high-fat high-carbohydrate diet (HFHC;
Arie Blok Diets, Woerden, the Netherlands) containing 23.6%
(w/w) beef tallow, 39.7% (w/w) dextrose, 18.9% (w/w) casein,
4.4% (w/w) linoleic acid, and 0.44% (w/w) alpha-linolenic
acid, based on the diets used by Madsen et al. [2] (Sup-
porting Information Table S1). This group is designated as
“CON→HFHC”. The ARA/DHA group was split into two
groups as well: one group (n = 15) was switched to HFHC
(“ARA/DHA→HFHC”) and one group (n = 15) was switched
to a diet containing AHA/DHA. Because no additional effects
of continuation of ARA/DHA on body weight were observed,
this group was not further addressed. The OMACOR group
was switched to HFHC diet (“OMACOR→HFHC”). The pe-
riod from week 12 to week 20 was defined as “later life”.

Body weight (individually) and food intake (at cage level)
were monitored over time and blood samples were taken by
tail incision after 4 h of fasting (9 a.m.–1 p.m.) at age 4, 8, 12,
16, and 20 weeks. At age 20 weeks, the mice were sacrificed
by CO2 and organs were collected and weighed. Heart, liver,
and adipose tissues (epididymal, omental, and inguinal fat)
were snap frozen in liquid N2 and stored at−80�C until use.
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2.3 Plasma analyses

Total plasma cholesterol and triglyceride levels were mea-
sured enzymatically using kits number 11489437 and
11488872 (Roche Diagnostics, Almere, The Netherlands), re-
spectively [17]. For size fractionation of lipoproteins, 50 �L
of pooled plasma per group was applied to a 25-mL Superose
6B column (Pharmacia AB, Uppsala, Sweden) connected to
an ÄKTA-fast protein liquid chromatography (FPLC) system
(Amersham Pharmacia Biotech, Piscataway, NJ, USA) and
eluted at a constant rate of 50 �L/min with PBS (pH 7.4).
The effluent was collected in 50 �L fractions (24 fractions in
total). Cholesterol concentrations in the fractions were mea-
sured enzymatically as described above [18]. Plasma glucose
was measured using the glucose hexokinase method (Instru-
chemie, Delfzijl, The Netherlands). Plasma levels of leptin,
E-selectin, total insulin (all R&D Systems), and serum amy-
loid A (SAA; Biosource) were determined by ELISA as
reported [16].

2.4 Adipose tissue analysis

Adipose tissues were fixed in formalin, embedded in paraffin,
and sliced (5 �m sections). The slices were stained with hema-
toxylin, and adipocyte sizes were analyzed as described previ-
ously [19]. Briefly, computer-assisted morphometric analysis
was carried out using an Olympus BX51 microscope, applying
CELLˆD software (Olympus, Zoeterwoude, The Netherlands).
A custom-made module within the CELLˆD software was de-
veloped for the analysis of adipocyte size; only adipocytes fully
within the photographed frame were taken into account (Sup-
porting Information Fig. S1). A total area of approximately 1
mm2 adipose tissue was analyzed for each type of adipose tis-
sue of each mouse and the total area covered was normalized
to 1 mm2 to allow comparison between groups.

In addition, the slides were stained immunohistochemi-
cally for the presence of macrophages and crown-like struc-
tures [20] with MAC-3 antibody (BD-Bioscience Pharmingen).
MAC-3 positive cells were counted per 1 mm2.

2.5 Statistical analysis

Changes over time were evaluated with repeated measures
ANOVA with factors treatment and time followed by least
significant difference (LSD) post-hoc analysis. Differences
between groups at a specific time point were analyzed with
one-way ANOVA followed by Dunnett’s multiple compari-
son post-hoc analysis relative to CON at week 12 of age and
CON→HFHC at week 20 of age. In some cases, where indi-
cated, Student’s t-test was applied. p < 0.05 was considered
significant. Results are shown as mean ± SEM.

3 Results

3.1 Effects of ARA/DHA and OMACOR on body

weight

Seventy-five male ApoE*3Leiden mice, four weeks of age,
were divided into three groups matched for body weight, and
fed a chow diet (CON group, n = 30) or chow diet supple-
mented with ARA/DHA (n = 30) or OMACOR (n = 15) for
8 weeks. During early life feeding from 4 weeks of age to 12
weeks of age, average body weight of CON group increased
from 12.9 ± 0.2 g at the start of the experimental period to
26.0 ± 0.3 g (Fig. 2A). Compared to CON group at 12 weeks
of age, average body weight of the ARA/DHA group was sig-
nificantly lower (24.7 ± 0.3 g), while that of the OMACOR
group (25.3 ± 0.3 g) was not significantly different from CON.
No differences in food intake between groups was observed
(Table 1).

Subsequently, at 12 weeks of age, all groups (except a
chow control, CON→CON) were switched to HFHC diet
for 8 weeks. The average weight gain in the CON→HFHC
group was 2.5 ± 0.3 g and significantly greater compared to
CON→CON (1.7 ± 0.3 g; p < 0.05). The final body weight
was 28.4 ± 0.6 g in the CON→HFHC group and 27.8 ±
0.6 g in the CON→CON groups, respectively (Fig. 2B). No-
tably, the average body weight of the ARA/DHA→HFHC
mice remained significantly lower (26.4 ± 0.5 g, p < 0.05)
than that of the CON→HFHC group, demonstrating that
the weight gain tended to be less (1.6 ± 0.3 g). By contrast,
OMACOR→HFHC mice gained more weight during HFHC
feeding in later life (2.6 ± 0.3 g) and their body weight at age
20 weeks was comparable to CON→HFHC mice (27.5 ±
0.5 g). No differences in food intake between HFHC fed
groups were observed (Table 2).

3.2 Effect of ARA/DHA on cardiometabolic risk

factors

Total plasma cholesterol at early life, in 12-week old mice, was
significantly lower in the ARA/DHA group (2.0 ± 0.3 mM, p <

0.001) and in the OMACOR group (1.5 ± 0.1 mM, p < 0.001)
as compared to the CON group (2.8 ± 0.1 mM) (Fig. 3A).
Lipoprotein profile distribution analysis (Fig. 3E), shows that
ARA/DHA mainly lowered cholesterol in the (V)LDL-sized
particles, whereas OMACOR mainly lowered cholesterol in
LDL and HDL-sized particles.

At later life, 8 weeks of HFHC feeding increased plasma
cholesterol to 5.3 ± 0.2 mM in the CON→HFHC group. In
the ARA/DHA→HFHC group, plasma cholesterol tended
to be lower at the end of the 8 weeks HFHC feeding pe-
riod (4.8 ± 0.2 mM, p = 0.06) (Fig. 3B). This was reflected
in cholesterol reduction in LDL-sized particles (Fig. 3F).
OMACOR →HFHC had no sustaining effect on plasma
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Figure 2. Body weight at week 12 of age (A)
and at week 20 of age (B). Data are shown as
means ± SEM. **p < 0.01 compared to chow,
*p < 0.05 compared to CON→HFHC.

Table 1. Average food intake in early life, plasma glucose, insulin,
E-selectin and Serum Amyloid A at week 12 (end of early
life period)

CON ARA/DHA OMACOR

Food intake 5.3 ± 0.2 5.3 ± 0.2 4.9 ± 0.2
(g/day)

Glucose 10.5 ± 0.2 10.0 ± 0.2 10.4 ± 0.3
(mM)

Insulin 0.48 ± 0.06 0.24 ± 0.05** 0.28 ± 0.08
(ng/mL)

E-selectin 83.5 ± 2.6 87.6 ± 5.2 77.9 ± 3.4
(ng/mL)

Serum 6.6 ± 1.3 6.2 ± 1.6 4.9 ± 0.7
amyloid A

**p < 0.01 compared to CON.

cholesterol, and levels (5.1 ± 0.1 mM) were comparable to
CON→HFHC.

Similar to plasma cholesterol, plasma triglycerides were
markedly reduced by ARA/DHA (1.43 ± 0.05 mM, p < 0.001)
and OMACOR (1.38 ± 0.06 mM, p < 0.001) in early life rel-
ative to CON (1.98 ± 0.11 mM). Eight weeks of subsequent
HFHC feeding decreased plasma triglycerides in the CON-
HFHC group (0.71 ± 0.04 mM), similarly as observed previ-
ously with high-fat diets [16]. Comparably, lower triglyceride
levels were found in the ARA/DHA→HFHC group (0.65 ±
0.04 mM), while OMACOR→HFHC mice displayed even
slightly lower plasma triglycerides levels (0.60 ± 0.03 mM; p
< 0.05 with Student’s t-test).

Plasma glucose levels were comparable between groups
at all time points (Tables 1 and 2), although plasma glucose
tended to be lower in the ARA/DHA→HFHC group (8.7 ±
0.3 mM) compared to CON→HFHC (9.5 ± 0.3 mM; p =
0.06). Fasting insulin levels were normal and low in CON
group (0.48 ± 0.06 ng/mL), and were significantly reduced
with ARA/DHA supplementation (0.24 ± 0.05 ng/mL; p <

0.01) and tended to be reduced with OMACOR supplemen-
tation (0.28 ± 0.08 ng/mL) (Table 1) in early life. Fasting
insulin levels in later life were comparable between groups
(Table 2). Vascular inflammation was assessed by analyz-
ing circulating E-selectin levels. No significant differences
were observed after treatment with ARA/DHA or OMACOR
in early life (Table 1). Subsequent HFHC feeding resulted
in a significant increase in E-selectin in the CON→HFHC
group (100.0 ± 3.8 ng/mL) compared to CON→CON
(79.9 ± 2.7; p < 0.01). E-selectin in the ARA/DHA→HFHC
group (106.7 ± 6.6 ng/mL) was comparable to CON→HFHC,
while E-selectin in the OMACOR→HFHC group was signifi-
cantly lower (88.7 ± 2.1 ng/mL; p < 0.05 with Student’s t-test)
(Table 2). Plasma Serum Amyloid A (SAA) concentrations, a
marker for systemic inflammation, were comparable between
groups at all time points (Tables 1 and 2).

In early life, plasma leptin levels were very low or below
the detection limit in most mice (Fig. 4A). No effects were ob-
served with either ARA/DHA or OMACOR treatment. When
mice were switched to HFHC, leptin levels markedly in-
creased to 3.0 ± 0.6 ng/mL in the CON→HFHC group,
while leptin levels of CON→CON mice remained low (0.8
± 0.3 ng/mL). Leptin levels of ARA/DHA→HFHC mice (0.8
± 0.3 ng/mL), remained comparably low as chow reference

Table 2. Average food intake in later life, plasma glucose, insulin, E-selectin and Serum Amyloid A at week 20 (end of later life period)

CON→CON CON→HFHC ARA/DHA→HFHC OMACOR→HFHC

Food intake (g/day) 4.2 ± 0.1 2.5 ± 0.1 2.4 ± 0.1 2.6 ± 0.1
Glucose (mM) 10.8 ± 0.3* 9.5 ± 0.3 8.7 ± 0.3 9.5 ± 0.3
Insulin (ng/mL) 0.68 ± 0.11 0.63 ± 0.16 0.67 ± 0.18 0.85 ± 0.13
E-selectin (ng/mL) 79.9 ± 2.7** 100.0 ± 3.8 106.7 ± 6.6 88.6 ± 2.1
Serum amyloid A 7.2 ± 1.8 6.1 ± 0.7 5.5 ± 1.2 8.1 ± 1.0

**p < 0.01 compared to CON→HFHC; *p < 0.05 compared to CON→HFHC.
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Figure 3. Plasma cholesterol at the end of early life at week 12 (A) and in later life at week 20 (B). Plasma triglyceride levels at the end of
early life at week 12 (C) and in later life at week 20 (D). ÅKTA-profile in pooled plasma for cholesterol at week 12 (E) and week 20 (F). Data
are shown as means ± SEM. ***p < 0.001 compared to CON, *p < 0.05 compared to CON→HFHC.

C© 2012 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.mnf-journal.com



1086 P. Y. Wielinga et al. Mol. Nutr. Food Res. 2012, 56, 1081–1089

Figure 4. Plasma leptin over time (A) and
weights of adipose tissue pad; epididymal adi-
pose tissue (B), inguinal adipose tissue (C),
and omental adipose tissue (D). ***p < 0.001,
**p < 0.01 compared to CON→HFHC.

mice whereas OMACOR→HFHC mice had elevated leptin
levels (2.8 ± 0.5 ng/mL) similar to CON→HFHC controls.

3.3 Effect of ARA/DHA and OMACOR on adipose

tissue cell size and macrophage content

At age 20 weeks, mice were sacrificed and adipose tissue
was collected from various depots. Epididymal fat mass
was significantly increased in the CON→HFHC group
(722 ± 63 mg) compared to CON→CON (445 ± 39 mg).
Remarkably, epididymal fat mass of ARA/DHA→HFHC
group (471 ± 49 mg) was comparable to CON→CON
group, while OMACOR→HFHC (707 ± 61 mg) did not
reduce the increase in fat mass induced by HFHC feed-
ing (Fig. 4B). Inguinal fat mass was also significantly in-
creased in the CON→HFHC group (410 ± 34 mg) com-
pared to CON→CON group (302 ± 24 mg). Inguinal fat of
ARA/DHA→HFHC (360 ± 48 mg) and OMACOR→HFHC
(465 ± 51 mg) was not significantly different from
CON→HFHC (Fig. 4C). Omental fat mass did not signifi-
cantly differ among the groups (Fig. 4D).

We subsequently analyzed adipocyte size of each fat
depot (Fig. 5). Adipocytes of all three adipose depots
were larger in the CON→HFHC group compared to
CON→CON. ARA/DHA→HFHC resulted in significantly
smaller adipocytes than in CON→HFHC, specifically for the
inguinal depot (Fig. 5B). Similarly, OMACOR →HFHC mice
had also smaller inguinal adipocytes, without significant ef-
fects on epididymal and omental adipocyte size.

Immunohistochemical analysis of macrophages in adi-
pose tissue showed that ARA/DHA→HFHC significantly
reduced the content of resident MAC-3-positive cells in

the epididymal adipose depot relative to the CON→HFHC
group (9.3 ± 0.7 cells versus 15.9 ± 2.1 cells, p < 0.05)
(Fig. 5D). OMACOR→HFHC mice also had less epididymal
macrophages (10.9 ± 0.7), although this was not significant.
There were no significant differences in macrophage content
for the other depots. Notably, no crown-like structures were
observed in any depot or group.

4 Discussion

Nutritional programming in early postnatal life may influ-
ence the development of obesity and metabolic diseases in
later life. Recent scientific data have generated consider-
able interest in the specific impact of early nutritional fac-
tors [21], such as LC-PUFAs. This study addressed whether
early ARA/DHA (a mixture of n-6 and n-3 LC-PUFAs) sup-
plementation has beneficial effects on body weight develop-
ment and lipid metabolism in later life. This was tested in
ApoE*3Leiden-transgenic mice, a humanized animal model
for hyperlipidemia with mild obesity. The results show that
early ARA/DHA dietary supplementation reduces plasma lev-
els of metabolic parameters such as cholesterol and later in
life diminishes obesity and improves adipose tissue quantity
and quality. EPA/DHA (n-3 LC-PUFAs only) had clear effects
on lipid lowering in early life, while no effects on body weight
and adipose tissue mass were observed in later life. Together,
this suggests that a qualitative difference in LC-PUFA com-
position may impact outcomes.

In line with our finding that early ARA/DHA supplemen-
tation reduced body weight gain, other studies also reported
on reduced body weight gain by n-3 LC-PUFAs only. Notably,
these studies started treatment either during pregnancy [22]
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Figure 5. Adipocyte size and macrophage in-
filtration measurements. Mean adipocyte size
is shown for epididymal (A), inguinal (B), and
omental (C) adipose tissue (n = 5 per group).
Macrophage infiltration in epididymal adipose
tissue is illustrated in D. ***p < 0.001, *p <

0.05 compared to CON→HFHC.

or later in life [6, 23, 24]. We did not find a significant effect
of postnatal nutrition with EPA/DHA on body weight in later
life when feeding a Western style diet. Oosting et al. also did
not find a significant effect of postnatal nutrition with n-3
LC-PUFAs on body weight at adulthood when feeding mice a
Western style diet [25]. It should be noted that Oosting used
C57BL/6 mice while we used ApoE*3Leiden mice, a model
with more human-like plasma cholesterol levels and lipid
metabolism and a mild increase in body weight.

The effects of ARA/DHA supplementation in early life on
body weight gain were accompanied by reduced adiposity,
more specifically reduced epididymal adipose tissue weight
and smaller inguinal adipocyte cell size. Parallel to the effects
on adipose tissue, ARA/DHA supplementation substantially
reduced plasma leptin to healthy control levels in compar-
ison to mice on unsupplemented diet. EPA/DHA in early
life had no significant effect on body weight and adipose
tissue weight, while inguinal adipocyte cells were smaller,
similar as ARA/DHA supplementation. Despite the lack of
effect on body weight by postnatal n-3 LC-PUFA, Oosting
et al. also reported reduced body adiposity, smaller epididy-
mal adipocytes, and reduced leptin levels at adulthood af-
ter Western style diet [25]. In two other studies, n-3 LC-
PUFA (EPA/DHA) in adult life prevented fat accumulation
with preferential reduction in abdominal fat depots in mice
[6, 26]. Interestingly, in human subjects with diabetes, n-3
LC-PUFAs decreased the size of fat cells [27]. The reduced
adipocyte size by ARA/DHA and EPA/DHA may be the result
of inhibition of adipocyte differentiation, as n-3 PUFAs have
been reported to inhibit adipocyte differentiation in vitro [28].

Not only adipose quantity, but also quality was affected
by early life ARA/DHA supplementation. More specifically,

ARA/DHA improved adipose tissue quality by reduced num-
bers of macrophages in epididymal adipose tissue. A simi-
lar trend was observed with EPA/DHA. The level of adipose
tissue inflammation was still rather low, and no crown-like
structures were observed. It has been suggested that n-3 LC-
PUFAs have anti-inflammatory effects in adipose tissue [29].
Indeed, high-fat diet-induced adipose inflammation in db/db
mice is prevented by n-3 LC-PUFA [30]. The beneficial effect
of DHA on adipose quality was further substantiated by re-
cent finding by Titos et al. These authors showed a switch to
a less pro-inflammatory macrophage phenotype (M1 to M2)
by DHA [31].

Plasma cholesterol levels, risk factor for cardiovascular
disease [32], were lowered by both ARA/DHA and EPA/DHA
supplementation in early life and the effects were sustained
in later life during HFHC feeding. The cardioprotective ef-
fects of n-3 LC-PUFAs are well recognized [33]. A possibly
protective effect of ARA/DHA or EPA/DHA in early life on
cardiovascular disease should be further explored.

This study evaluated the effects of ARA/DHA, an n-6/n-3
PUFAs mixture, and the effects of EPA/DHA, a mixture of
two n-3 PUFAs on body weight and lipid metabolism. The
effects on plasma lipids of the two supplementations in early
life were comparable. In later life, the most remarkable dif-
ference was on body weight and adipose tissue mass. Mice
supplemented with ARA/DHA in early life showed lower adi-
pose tissue mass while EPA/DHA supplementation in early
life had no effect on adipose tissue mass in later life. Quali-
tative and quantitative differences in LC-PUFA composition
between the two groups may explain the observed differences.

The specific mechanisms underlying the observed ef-
fects remain to be determined. It has been reported that
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intake of LC-PUFAs during pregnancy and early in life
have beneficial effects on body weight, adipose tissue, and
plasma levels of the adipokines, adiponectin, and leptin
[34, 35]. Lefils et al. showed that dietary DHA decreased lep-
tin and increased adiponectin and that these effects were
maintained even when the animals had been switched to
DHA-free diet [36]. We also observed that leptin levels of
ARA/DHA→HFHC mice remained low after switching to
ARA/DHA-free HFHC diet. Obesity is strongly linked to in-
flammation [37]. Metabolic products derived from n-3 LC-
PUFAs, such as 17S-hydroxy-DHA, resolvins, and protectins,
may play a role in the long-term resolution of inflammation
[38]. Furthermore, the G protein–coupled receptor 120, an
n-3 LC-PUFA receptor or sensor, has been shown to mediate
repression of macrophage-induced tissue inflammation [39].
To what extent the findings of the current study are medi-
ated through the effects on adipokines and chronic low-grade
inflammation is the topic of further research.

In addition to the beneficial effects on adipokine expres-
sion and inflammation, ARA, EPA, and DHA have been re-
ported to play important roles in brain development, neuro-
genesis, and the expression and function of various neuro-
transmitters and their receptors in the brain which could be
relevant in decreasing obesity [40]. LC-PUFAs reportedly may
act on the mesocorticolimbic and the endocannabinoid path-
ways and decrease the reward associated with food, thereby
reducing appetite, food intake, and ultimately reducing over-
weight and obesity [41]. However, the latter neural effects of
ARA/DHA may not play a role in our study since no effect
on food intake was observed. Finally, n-3/n-6 LC-PUFAs have
been found to exert beneficial effects on thermoregulation in
the brain [42], which may stimulate energy expenditure and
thereby reduce body weight. Future studies will help to clarify
whether increased energy expenditure may contribute to the
diminished body weight gains observed in the present study.

Taken together, these data show that ARA/DHA supple-
mentation in early life may have sustained effects on lower
body weight gain and adipose quantity and quality when ex-
posed to a mild obesogenic in later life. The beneficial effects
may depend on the specific combination of n-6 LC-PUFA
ARA and n-3 LC-PUFA DHA.
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