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Abstract Obesity is positively correlated to dietary lipid
intake, and the type of lipid may play a causal role in the
development of obesity-related pathologies. A major
protein secreted by adipose tissue is adiponectin, which
has antiatherogenic and antidiabetic properties. The aim of
this study was to evaluate the effects of four different high-
fat diets (enriched with soybean oil, fish oil, coconut oil, or
lard) on adiponectin gene expression and secretion by the
white adipose tissue (WAT) of mice fed on a selected diet
for either 2 (acute treatment) or 60 days (chronic treatment).
Additionally, 3T3-L1 adipocytes were treated for 48 h with
six different fatty acids: palmitic, linoleic, eicosapentaenoic
(EPA), docosahexaenoic (DHA), lauric, or oleic acid.
Serum adiponectin concentration was reduced in the
soybean-, coconut-, and lard-enriched diets in both groups.

Adiponectin gene expression was lower in retroperitoneal
WAT after acute treatment with all diets. The same
reduction in levels of adiponectin gene expression was
observed in epididymal adipose tissue of animals chroni-
cally fed soybean and coconut diets and in 3T3-L1 cells
treated with palmitic, linoleic, EPA, and DHA acids. These
results indicate that the intake of certain fatty acids may
affect serum adiponectin levels in mice and adiponectin
gene expression in mouse WAT and 3T3-L1 adipocytes.
The effects appear to be time dependent and depot specific.
It is postulated that the downregulation of adiponectin
expression by dietary enrichment with soybean oil or
coconut oil may contribute to the development of insulin
resistance and atherosclerosis.
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Introduction

Adiponectin is the transcriptional product of the apM1 gene
and is the most abundantly secreted protein from adipose
tissue in humans [2, 22]. This adipokine increases insulin
sensitivity and has anti-inflammatory and antiatherogenic
effects [9]. Decreased serum adiponectin levels have been
observed in subjects with insulin resistance, obesity, type II
diabetes mellitus, and heart disease [9, 18]. Serum
adiponectin levels are inversely correlated with body mass
index, blood pressure, fasting glycemia, insulin resistance,
serum insulin levels, and uric acid levels [43].

Epidemiological studies suggest a correlation between
the type of lipid consumed in the diet, the levels of these
fatty acids in adipose tissue, serum concentrations of these

Pflugers Arch - Eur J Physiol (2008) 455:701–709
DOI 10.1007/s00424-007-0330-3

A. A. Bueno : C. de Oliveira : L. P. Pisani : E. B. Ribeiro :
C. M. Oller do Nascimento
Department of Physiology, Campus Sao Paulo,
São Paulo Federal University,
São Paulo, Brazil

L. M. Oyama
Department of Health Sciences, Campus Baixada Santista,
São Paulo Federal University,
São Paulo, Brazil

V. L. F. Silveira
Department of Biology, Campus Diadema,
São Paulo Federal University,
São Paulo, Brazil

C. M. Oller do Nascimento (*)
Departamento de Fisiologia—Disciplina de Fisiologia da
Nutrição, Universidade Federal de São Paulo,
Rua Botucatu, 862, 2° andar—Edificio de Ciências Biomédicas,
São Paulo, SP 04023060, Brazil
e-mail: claudia@ecb.epm.br



fatty acids, and the incidence of certain metabolic diseases
[14, 39].

The types of lipid present in the diet may be implicated
in the development of insulin resistance, the incidence of
cardiovascular disease, and changes in the inflammatory
response [19, 30, 41]. It has been shown that saturated fatty
acids increase insulin resistance and the incidence of
cardiovascular disease and that monounsaturated and
polyunsaturated fatty acids (PUFA) are protective against
the development of these pathologies [19, 30].

The aim of this study was to evaluate the body
composition, serum adiponectin levels, and adiponectin
gene expression in WAT of mice fed diets enriched with
17.5% (by weight) soybean oil, coconut oil, fish oil, or lard.
The effect of different fatty acids on adiponectin gene
expression by 3T3-L1 adipocytes was also studied.

Materials and methods

Animals and experimental conditions

The Experimental Research Committee of the São Paulo
Federal University approved all procedures for the care of
the animals used in this study. Thirty and 90-day-old male
C57Bl6 mice were used in this study and were kept under
controlled conditions of light (12:12 h light–dark cycle with

lights on at 07:00) and temperature (22±1°C). During the
experimental period, the animals were maintained in
individual cages and received water and the specific diet
ad libitum. The animals were chronically or acutely treated,
according to the protocols that follow.

Chronic treatment with lipid-enriched diets

Thirty-day-old mice were divided into five groups and fed
for 8 weeks with one of the following diets:

1. Control (C): commercial chow, containing approxi-
mately 4% lipid

2. Soybean (S): control diet enriched with 17.5% soybean
oil

3. Fish (F): control diet enriched with 17.5% fish oil
4. Lard (L): control diet enriched with 17.5% lard
5. Coconut (CC): control diet enriched with 17.5%

coconut oil

The food intake and body weight were measured weekly
at 09:00.

Acute treatment with lipid-enriched diets

Ninety-day-old mice were divided into five groups and fed
for 2 days using the same diets described above.

Table 1 Fatty acid composition, as percent of total lipid content, of control diet (C) and control diet enriched with 17.5% soybean oil (S), fish oil
(F), lard (L), or coconut oil (CC)

Fatty acid C S F L CC

6:0 Caproic 6.1
8:0 Caprylic 4.9
10:0 Capric 3
12:0 Lauric 0.6 39
14:0 Mirystic 2.07 8.85 2 11
16:0 Palmitic 20.4 12.2 21.3 26 9.6
16:1 n-7 Palmitoleic 11.2
18:0 Estearic 5.12 3.18 4.63 14 3.1
18:1 n-9 Oleic 27.4 25.1 17.1 45 13
18:2 n-6 Linoleic 41 55.1 11.1 9.2 9.8
18:3 n-3 Linolenic 2.91 4.35
20:1 n-9 Eicosenoic 3.38
20:5 n-3 EPA 14
22:6 n-3 DHA 8.1
SMCFA 0.6 53.4
SLCFA 27.6 15.4 34.8 42 23
MUFA 27.4 25.1 31.7 45 14
PUFA 43.9 59.5 33.2 9.2 9.8
n-6 PUFA 41 55.1 11.1 9.2 9.8
n-3 PUFA 2.91 4.35 22.1
n-6/n-3 14 12.7 0.5

SMCFA saturated medium-chain fatty acids, SLCFA saturated long-chain fatty acids, MUFA monounsaturated fatty acids, PUFA polyunsaturated
fatty acids, n-6/n-3 relation n-6 over n-3.
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Preparation of the diets

The diets were prepared in the Laboratory of Nutrition
Physiology (Department of Physiology, São Paulo Federal
University) using the commercial chow NUVILAB CR1
(Paraná, Brazil) with casein added to obtain a 20% protein
content as described previously [13].

The standard chow was ground and enriched with 17.5%
(w/w) soybean oil, fish oil, coconut oil, or lard according to
the protocol and 0.013% butylated hydroxytoluene (w/w).
Water was added to obtain the consistency necessary to
allow homogenization of the mixture. After homogeniza-
tion, the mixture was passed through a milling machine to
produce pellets that were then dried in a forced ventilation
oven at 60°C for 24 h.

The diets used in this study contained 22.4 g lipid/100 g
and 1,683 kJ/100 g on average. The control diet contained
4.8 g lipid/100 g and 1,210 kJ/100 g. The fatty acid
composition of the study diets as a percentage of total lipid
content is shown in Table 1. The diets were stored in plastic
containers at 4°C.

Sample collection

The animals were fed the respective diets for 2 days (acute
treatment) or 8 weeks (chronic treatment) and then killed by
decapitation without sedation. Trunk blood was collected
and immediately centrifuged, and serum was stored
at −70°C before determination of adiponectin concentration
by enzyme-linked immunosorbent assay (Linco Research,
USA). Samples of epididymal, retroperitoneal, and subcu-
taneous WAT were dissected and immediately frozen in
liquid nitrogen. The samples were stored at −70°C.

Carcass lipid and protein content

A further group of mice treated chronically was used for
determination of carcass lipid and protein content. Car-
casses were eviscerated, weighed, and stored at −20°C.
Lipid content was measured as described by Stansbie et al.
[32] and standardized using the method described by Oller
do Nascimento and Williamson [26]. Briefly, the eviscer-
ated carcass was autoclaved at 120°C for 90 min and
homogenized with double the mass of water. Triplicate
aliquots of this homogenate were weighed and digested in
3 ml of 30% KOH and 3 ml of ethanol for at least 2 h at
70°C in capped tubes. After cooling, 2 ml of 12N H2SO4

were added, and the sample was washed three times with
petroleum ether for lipid extraction. Results are expressed
as grams of lipid/100 g of carcass. For protein measure-
ments, aliquots of the same homogenate (approximately
1 g) were heated to 37°C for 1 h in 0.6N KOH with
constant shaking. After clarification by centrifugation,

protein content was measured according to Lowry et al.
[21].

Cell culture

3T3-L1 cells were obtained from the American Type Culture
Collection and cultured at 37°C in a humidified atmosphere of
5% CO2/95% air. The cells were maintained in a growth
medium containing the following constituents: Dulbecco’s
modifiedEagle’smedium (Invitrogen) with 25mmol/l glucose,
1 mmol/l pyruvate, 4.02 mmol/l L-alanyl-glutamine, and 10%
fetal calf serum (Sigma). Differentiation of the cells was
initiated 24 h after confluence by incubation for 2 days in the
growth medium containing 0.25 μmol/l dexamethasone,
0.5 mmol/l 3-isobutyl-1-methyl-xanthine and 5 μg/ml insulin
(Sigma). This was followed by 12 days in the growth
medium containing 5 μg/ml insulin. At 10 days, specific
agents were added, and the cells were harvested 48 h later.
The following fatty acids were employed: palmitic, linoleic,
eicosapentaenoic (EPA), docosahexaenoic (DHA), lauric, and
oleic (Sigma) at a concentration of 250 μmol/l. In the control
plates, the medium was changed, but no agent was added.

RNA preparation and Northern blot analysis

Total ribonucleic acid (RNA) was extracted from tissues and
3T3-L1 cells with Tri-Reagent (Sigma). The RNA concen-
tration was determined from the absorbance at 260 nm.
Fifteen-microgram aliquots of RNA were run on 1.3%
agarose–formaldehyde gels, blotted onto a positively charged
nylon membrane (Roche) overnight, cross-linked under UV
light, and hybridized as previously described [15, 35].

An antisense oligonucleotide (5′-CTCTCCAGGAGTGC
CATCTCTGCCATCACGG) based on the mouse adiponec-
tin complementary deoxyribonucleic acid sequence (PubMed)
was synthesized as a hybridization probe and end-labeled (5′-
end) with a digoxigenin ligand (MWG, USA). After post-
hybridization washes, membranes were incubated with an
antibody against digoxigenin (Fab-fragment; Roche) for
30 min and then with CDP-Star chemiluminescence substrate
(Roche; 10 min at room temperature). Signals were collected
by exposure to the film for 40–50 min at room temperature.

After probing for adiponectin messenger RNA (mRNA),
blots were stripped and reprobed for 18S ribosomal RNA
(rRNA). The sequences of the antisense oligonucleotides
used as probes for 18S rRNA were as previously described
[37]. Blots were quantified by densitometry using the
Image J software.

Statistical analysis

The data are presented as mean±SEM. Adiponectin gene
expression results are expressed using arbitrary units with
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100 as the control value and compared using Student’s t
test. The other results were analyzed using one-way
analysis of variance followed by Tukey’s test. Differences
were considered significant when p<0.05.

Results

Table 2 shows the average daily consumption of fatty acids
(mg/day). These data were derived from the fatty acid

composition of each diet and the quantified food intake
during the experimental period (data not shown).

Mice fed the coconut oil-enriched diet had a significantly
increased intake of medium chain saturated fatty acids,
especially lauric acid (typically found in high concentra-
tions in coconut oil). With regard to long-chain saturated
fatty acids, the CC group ingested more myristic acid than
the other groups.

Mice fed the lard-enriched diet consumed higher
amounts of palmitic, stearic, and oleic acid compared to
the other groups. Only the F mice had EPA and DHA in

Table 2 Daily fatty acid intake (mg) of mice fed the control diet (C) or control diet enriched with 17.5% soybean oil (S), fish oil (F), lard (L), or
coconut oil (CC), for 8 weeks

Fatty acid C S F L CC

Caproic 40.57±1.53
Caprylic 32.59±1.23
Capric 19.95±0.75
Lauric 1.18±0.03a 262.04±9.91b

Mirystic 4.09±0.11a 46.24±1.53b 11.73±0.36c 71.16±2.69d

Palmitic 40.34±1.13a 66.12±1.81b 111.44±3.68c 151.86±4.64d 63.85±2.41b

Palmitoleic 58.41±1.93
Estearic 10.10±0.28a 17.21±0.47b 24.19±0.80c 82.67±2.53d 20.62±0.78bc

Oleic 54.02±1.52a 135.87±3.71b 89.49±2.95c 262.73±8.03d 89.12±3.37c

Linoleic 80.92±2.27a 298.20±8.15b 57.99±1.91c 53.94±1.65c 65.18±2.46ac

Linolenic 5.74±0.16a 23.54±0.64b

Eicosenoic 17.66±0.58
EPA 73.35±2.42
DHA 42.32±1.40
SMCFA 1,18±0,03a 355,15±13,43b

SLCFA 54,53±1,53a 83,33±2,28b 181,86±6,00c 246,26±7,52d 155,63±5,88e

MUFA 54.02±71.52a 135.87±3.71b 165.56±5.46c 262.73±8.03d 89.12±3.37e

PUFA 86.66±2.43a 321.74±8.79b 173.66±5.73c 53.94±1.65d 65.18±2.46d

n-6 PUFA 80.92±2.27a 298.20±8.15b 57.99±1.91c 53.94±1.65c 65.18±2.46ac

n-3 PUFA 5.74±0.16a 23.54±0.64b 115.67±3.82c

Total 196.39±5.51a 540.93±14.78b 521.09±17.19b 562.93±17.2b 665.08±25.15c

Data is presented as mean±SEM. Values in the same row with different superscript letters are different from one another at p<0.05. The number
of samples for each group is 16.
SMCFA saturated medium-chain fatty acids, SLCFA saturated long-chain fatty acids, MUFA monounsaturated fatty acids, PUFA polyunsaturated
fatty acids.

Table 3 Body weight gain (g), mean daily energy intake (kJ/day), lipid and protein carcass content (g/100g), and adiponectin serum
concentrations (μg/ml) of mice fed the control diet (C) or control diet enriched with 17.5% soybean oil (S), fish oil (F), lard (L), or coconut oil
(CC), for 8 weeks (chronic treatment) and adiponectin serum concentrations of acutely treated mice

C S F L CC

Body weight gain 10.57±0.73a 8.02±0.51b 9.28±0.52ab 8.89±0.37ab 8.64±0.42ab

Daily energy intake 191.79±1.63a 164.22±1.17b 169.03±1.26b 189.37±3.26a 185.73±1.09a

Carcass protein 31.90±1.80a 31.91±2.00a 34.76±0.90b 32.80±1.40ab 34.00±0.60ab

Carcass lipid 9.73±0.67a 14.82±0.75b 14.92±0.73b 13.04±0.64b 13.33±1.11b

Adiponectin chronic 14.33±0.24a 13.13±0.34b 14.04±0.33ab 13.40±0.30b 13.25±0.34b

Adiponectin acute 14.33±0.24a 10.48±0.83b 13.08±0.30b 12.12±0.09b 12.46±0.31b

Data is presented as mean±SEM. Values in the same row with different superscript letters are different from one another at p<0.05. The number
of samples for each group for body weight gain and energy intake is 16, for carcass protein and lipid content is eight, and for adiponectin serum
concentrations is nine.
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their diet. This group also ate greater quantities of palmitic
acid compared to the C, S, and CC groups.

The largest consumption of linoleic acid was observed in
the S mice, followed by the C and CC mice. The diets of
the F, L, and CC groups did not contain detectable amounts
of linolenic acid.

In total, the CC mice ingested more lipid than any other
group. The S, F, and L mice had equivalent lipid intakes, all
of which were higher than the C mice.

The five groups had similar body weights at the
beginning of the study (data not shown). Body weight gain
was lower in the S group, compared to C. The daily caloric
intake was similar among C, L, and CC mice and was
higher than in S and F mice. The fish oil-enriched diet
increased the carcass protein content in relation to the
control and soybean diets. The carcass lipid content was
increased in all lipid-enriched diet groups as compared to
the control (Table 3).

Serum adiponectin concentration was decreased in the
four high-fat diet groups treated acutely. When treated
chronically, only the S, L, and CC mice showed decreased

serum adiponectin concentrations (Table 3). Acute treat-
ment with high-fat diets decreased adiponectin gene
expression in retroperitoneal WAT. No effect was observed
in either epididymal or subcutaneous WAT (Table 4).

Chronic treatment with soybean oil-enriched diet re-
duced adiponectin gene expression in epididymal, retroper-
itoneal, and subcutaneous WAT. The same was observed in
the epididymal WAT of CC mice (Table 4).

Adiponectin gene expression was decreased in 3T3-L1
cells treated with palmitic, linoleic, EPA, and DHA acids,
but no changes were observed in cells treated with lauric
and oleic acids (Fig. 1).

Discussion

In the present study, we demonstrated that adiponectin gene
expression and secretion in mice fed for either 2 (acute
treatment) or 60 days (chronic treatment) are affected by
high-fat diets and these responses are dependent on
duration of treatment, adipose tissue depot, and on the
fatty acid composition of the diet.

The treatment with high-fat diets caused increased
ingestion of fatty acids among all groups compared to the
control (Table 2). However, the daily energy intake was
lower in S and F as compared to C (Table 3). These
findings are in accordance with previous data [13, 17, 42].
The C, L, and CC mice had similar energy intakes.

Previous studies have reported that high-fat diets
increase cholecystokinin secretion by the pancreas, which
is a stimulus for satiety and reduction in food intake [23,
29]. The mechanisms underlying this process are not
completely understood, as diet palatability and fatty acid
composition may vary.

It has been shown that soybean oil- and fish oil-
enriched diets increase serum leptin levels in rats [42].
Treatment of primary cultured rat adipocytes with EPA

Table 4 Adiponectin mRNA quantification in epididymal, retroperitoneal and subcutaneous white adipose tissues of mice fed with the control
diet (C) or control diet enriched with 17.5% soybean oil (S), fish oil (F), lard (L), or coconut oil (CC), for 2 days (acute) or 8 weeks (chronic)

C S F L CC

Epididymal adipose tissue
Chronic 100.0±6.1 54.3±9.1* 73.4±9.0 92.2±3.5 67.2±5.3*
Acute 72.1±10.4 75.2±12.8 79.7±12.4 76.4±6.7
Retroperitoneal adipose tissue
Chronic 100.2±6.4 69.0±6.0* 86.7±7.6 103.2±6.7 95.0±14.9
Acute 55.5±5.6* 53.0±8.9* 45.3±7.1* 54.7±5.5*
Subcutaneous adipose tissue
Chronic 100.0±14.1 52.2±5.8* 104.8±9.4 104.1±8.7 74.6±6.8
Acute 96.4±6.5 85.7±12.5 76.5±9.6 93.8±4.7

Results are expressed as mean±SEM as arbitrary units, stipulating 100 as the control value. The numbers of samples varied between six and eight.
*p<0.05 as compared to the control group

Fig. 1 Adiponectin gene expression by 3T3-L1 adipocytes treated
for 48 h with 250 μmol/l of different fatty acids. Cells were treated
for 48 h with palmitic, linoleic, eicosapentaenoic (EPA), DHA, lauric
or oleic acids, 250 μmol/l. Results are expressed as percentage in
relation to the control group. Mean±SEM. Asterisk, p<0.05 as
compared to the control group. The numbers of samples varied
between six and eight
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increases leptin secretion [28]. It has also been shown that
rats fed ad libitum with a beef tallow-enriched diet had
lower serum leptin concentrations than rats treated with
safflower- or fish oil-enriched diets [6]. These different
effects of certain high-fat diets on serum leptin concen-
trations may explain the differences observed among the
daily energy intake of the F and S mice, as compared to
the CC and L mice.

In relation to the control group, the S group had lower
daily energy intake and body weight gain, while the L and
CC group had similar. Furthermore, these three groups had
higher carcass lipid content. The F group had similar body
weight gain and higher carcass lipid content but lower
energy intake (Table 3). Gaiva et al. [13] obtained similar
results regarding the fish oil-enriched diet treatment.

An increase in carcass protein content was observed in
the F group (Table 3). Other studies have reported similar
findings [13, 33]. It has been previously shown that high-fat
diets increase body fat content even without higher energy
intake [4, 40].

Diets rich in saturated fatty acids decrease uncoupling
protein-1 (UCP-1) activity in brown adipose tissue [10].
In our study, the mice treated with lard or coconut
presented similar body weight gain and energy intake in
comparison to the control group, but their carcass lipid
content was higher. It is possible that in these animals,
the excess of energy is being stored, instead of being
dissipated as heat.

On the contrary, it has been demonstrated that the
ingestion of an n-3 PUFA-rich diet increased brown adipose
tissue UCP-1 mRNA levels compared to an n-6 PUFA-rich
diet [34]. Additionally, rats fed a diet enriched with EPA
and DHA, in comparison to a control diet, displayed higher
thermogenic activity of brown adipose tissue because of
hyperplasia and an increase in thermogenic activity of
mitochondria [27].

The similar body weight gain and lower energy intake
observed in the F group indicate that these mice have
higher energy efficiency as compared to the S, L, and CC,
which in their turn have a higher energy efficiency than the
control. In our study, although the fish oil used is an
important source of n-3 PUFA, which increases UCP-1
mRNA levels and thermogenesis, it is also an important
source of saturated fatty acids. Regarding the daily fatty
acid intake, the fish oil-enriched diet is the second highest
source of mirystic acid (coconut is the first) and the second
highest source of palmitic acid (lard is the first; Table 2). In
this case, the effects of n-3 have been possibly overcome by
the effect of saturated fatty acids.

Both acute and chronic treatment with high-fat diets
decreased the serum adiponectin levels in all groups but to
a lesser extent in the mice chronically treated with the fish
oil-enriched diet (Table 3).

The observed falls in serum adiponectin concentration
were reflected to varying extents by decreased adiponectin
gene expression in the different WAT depots. The greatest
effect on adiponectin expression was observed in the
retroperitoneal WAT of animals acutely treated with high-
fat diets (Table 4). This may suggest both tissue- and time-
specific effects of high-fat diets on adiponectin expression.
Previous studies have been conducted to investigate
changes in adipose tissue metabolism in the obese state.
Milan et al. [24] observed that adiponectin gene expression
was lower in visceral WAT of genetically obese rats
compared to lean ones but similar in the subcutaneous
depots of both groups. In the present study, adiponectin
gene expression in subcutaneous WAT was less affected by
the high-fat diet than in the retroperitoneal and epididymal
depots (Table 4).

It has previously been described that treatment of mice
with an EPA/DHA-enriched high-fat diet led to increased
serum adiponectin levels but no alteration in adiponectin
gene expression, either in subcutaneous, dorsolumbar, or
epididymal fat pads, as compared to a control high-fat diet
[12]. In another study, db/db mice treated with n-6 and n-3
PUFA-enriched diet had similar serum adiponectin levels
and gonadal WAT adiponectin gene expression, as com-
pared to animals treated with a low-fat diet [35].

Recently, it was demonstrated a tissue-specific response
to adiponectin gene expression subsequent to treatment
with high-fat diets [25]. That study reported that mice
treated with a fish oil-enriched diet had increased serum
adiponectin levels and raised adiponectin gene expression
in retroperitoneal but not epididymal WAT, compared to
animals fed a control diet or a diet rich in sunflower oil
(rich in n-6 PUFA).

The differences between these results and those of the
present study may be partly explained by the duration of
treatment and the diet composition. The above study
utilized a treatment lasting 15 days with a 59% fat-derived
calories diet that contained 25% n-3 PUFA. In the present
study, the mice were treated for 60 days, with a 47% fat-
derived calories diet containing approximately 10% n-3
PUFA. This may suggest that the amount of n-3 PUFA in
the diet might be an important factor for the stimulation of
adiponectin gene expression.

In this study, the fish oil diet did not affect adiponectin
gene expression or serum adiponectin concentration, in
contrast to the other high-fat diet chronic treatments
(Tables 3 and 4). This may suggest a protective effect of
n-3 high-fat diets on serum adiponectin levels. However,
the 2 days fish oil diet treatment and in vitro treatment with
EPA and DHA decreased adiponectin mRNA levels in
retroperitoneal white adipose tissue and 3T3-L1 adipocytes,
respectively (Table 4 and Fig. 1), which could indicate a
direct effect of the fish oils on adiponectin gene expression.
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However, it is also possible to suggest that lipoperoxidation
of n-3 fatty acids in vitro and in vivo acute treatment could
be an important factor to promote a decrease in adiponectin
expression. These fatty acids are extremely susceptible to
lipid peroxidation [15]. It has been previously demonstrated
that hydroxyalkenal 4-hydroxynonenal, derived from per-
oxidation of n-6 PUFA, reduces adiponectin gene expres-
sion in 3T3-L1 adipocytes [31].

The serum adiponectin concentration was reduced after
acute treatment with fish oil-enriched diet. After chronic
treatment with the fish oil diet, no difference was observed
either in adiponectin serum concentration and gene expres-
sion in white adipose depots as compared to the control diet
(Tables 3 and 4). It is possible to suggest that the acutely
treated mice have not had time enough for the development
of antioxidant properties caused by DHA and EPA, and on
the contrary, in the chronically treated mice, the time of
8 weeks was enough for the overexpression of antioxidant
enzymes. It has been demonstrated in vivo that the fish oil-
enriched diet promotes an increase in antioxidant enzyme
activities, which would reduce lipid peroxidation [3].

A reduction in adiponectin gene expression was ob-
served after both acute and chronic treatment with soybean-
and coconut oil-enriched diets (Table 4). Coconut oil is rich
in medium-chain fatty acids, especially lauric acid, which
are ketogenic [7]. Studies have shown that hyperketonemia
increases serum tumor necrosis factor (TNF) α concentra-
tion [20], which is a potent inhibitor of adiponectin
expression in adipose tissue and cultured adipocytes [5, 8,
38]. Additionally, it has been shown that the addition of
lauric acid to the culture medium of 3T3-L1 adipocytes
does not affect adiponectin gene expression (Fig. 1). This
reinforces the concept that the effect of diets enriched with
medium-chain fatty acids in reducing adiponectin gene
expression may be dependent on ketone body production.

It has been shown that treatment for 7 weeks with the
same soybean oil-enriched diet used in this study increased
plasma corticosterone concentrations [42]. The reduced
adiponectin gene expression observed in the chronically
treated S group may be attributed, at least in part, to an
increase in glucocorticoid levels, which, according to
Fasshauer et al. [11], decrease adiponectin gene expression.

Mice fed chronically on a lard-enriched diet displayed
decreased serum adiponectin levels, although adiponectin
gene expression in WAT was similar to the control group
(Tables 3 and 4). The lard-enriched diet is the richest in
palmitic and oleic acids (Table 1). In 3T3-L1 adipocytes,
treatment with palmitic acid alone decreased adiponectin
gene expression, but oleic acid treatment had no effect
(Fig. 1). It may therefore be suggested that the oleic acid
present in the lard-enriched diet impairs the reduction in
adiponectin gene expression that might otherwise be
expected to occur with palmitic acid in vivo. It has been

demonstrated in 3T3-L1 adipocytes that palmitate treatment
induced gene expression but that the concentration of TNF-
α in the medium was not increased [1]. In the present study,
it may be the case that adiponectin mRNA is synthesized by
the lard-fed animals, but the protein is not secreted into the
bloodstream.

These results demonstrate that dependent on the type of
fatty acid present in the diet, a reduction in serum
adiponectin levels and WAT adiponectin gene expression
may occur. This effect would appear to be both time- and
depot-specific. Enrichment of the diet with 17.5% fish oil
resulted in a transitory reduction in serum adiponectin
concentration, whereas enrichment with 17.5% lard, soy-
bean oil, or coconut oil all reduced serum adiponectin
levels. This effect could be also related to the increase in
body fat mass observed in these groups. Several studies
have examined plasma adiponectin levels and have found
decreased levels in obese and diabetic subjects and
significant inverse associations with some measure of
insulin resistance [18].

In view of the effects of adiponectin on reducing insulin
resistance and atherosclerosis, it is suggested that these
diets, by inhibiting adiponectin production, may promote
these pathogenic states associated with the metabolic
syndrome.
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