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Abstract
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Clinical studies suggest that rosiglitazone (RSG) treatment may increase the incidence of heart
failure in diabetic patients. In this study, we examined whether a high corn oil diet with RSG
treatment in insulin resistant aging mice exerted metabolic and pro-inflammatory effects that
stimulate cardiac dysfunction. We also evaluated whether fish oil attenuated these effects. Female
C57BL/6J mice (13 months old) were divided into 5 groups: (1) lean control (LC), (2) corn oil, (3)
fish oil, (4) corn oil + RSG and (5) fish oil + RSG. Mice fed a corn oil enriched diet and RSG
developed hypertrophy of the left ventricle (LV) and decreased fractional shortening, despite a
significant increase in total body lean mass. In contrast, LV hypertrophy was prevented in RSG
treated mice fed a fish oil enriched diet. Importantly, hyperglycemia was controlled in both RSG
groups. Further, fish oil + RSG decreased LV expression of atrial and brain natriuretic peptides,
fibronectin and the pro-inflammatory cytokines interleukin-6 and tumor necrosis factor-α,
concomitant with increased interleukin-10 and adiponectin levels compared to the corn oil + RSG
group. Fish oil + RSG treatment suppressed inflammation, increased serum adiponectin, and
improved fractional shortening, attenuating the cardiac remodeling seen in the corn oil + RSG diet
fed C57BL/6J insulin resistant aging mice. Our results suggest that RSG treatment has contextdependent effects on cardiac remodeling and serves a negative cardiac role when given with a corn
oil enriched diet.
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1. Introduction
Cardiovascular disease (CVD) is the major cause of death in humans with diabetes. On
average, type 2 diabetes lowers life expectancy by 5–10 years [1]. Nearly, 7.8% (23.6
million) of the US population has type 2 diabetes (T2D) and an additional 57 million people
are pre-diabetic [2]. The CVD mortality risk more than doubles in type 2 diabetic patients
compared to age-matched controls [3]. The hyperglycemia and hyperlipidemia associated
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with T2D exacerbate vascular injury and heart failure [4]. Thiazolidinediones (e.g.
rosiglitazone (RSG)) is recommended for the treatment of type 2 diabetes by the American
Diabetes Association and the European Association for the Study of Diabetes [5]. RSG,
however, also associates with increased incidences of heart failure [6], myocardial infarction
(MI), and cardiovascular-related deaths [7,8].
In contrast to clinical trial results, the PPARγ agonist RSG attenuates vascular injury in
diabetic animals [9], reducing MI severity and providing a beneficial effect on ischemic
cardiomyocytes [10–12]. However, RSG treatment in Sprague–Dawley rats induced
eccentric hypertrophy marked by increased expression of atrial natriuretic peptide (ANP)
and brain natriuretic peptide (BNP), collagen I and III, and fibronectin [13]. RSG
cardioprotective effects have been shown to be critically dependent on high adiponectin
levels [14]. Currently, safety issues of RSG for the treatment of T2D are under strict scrutiny
and studies that explain the discrepancies in the results are warranted.
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Fish oil rich in n-3 polyunsaturated fatty acids, especially eicosapentaenoic acid (EPA;
C20:5n-3) and docosahexaenoic acid (DHA; C22:6n-3), has been shown to reduce the
incidence of CVD and sudden death [15–17]. Additionally, fish oil protects against
inflammation induced bone loss in chronic inflammatory diseases like lupus, rheumatoid
arthritis, periodontitis, and osteoporosis [18,19]. The American Heart Association
recommends fish oil to reduce CVD [20]. Fish oil supplementation prevents enlargement of
the left ventricle (LV) induced by pressure overload [21]. However, whether dietary
supplementation of fish oil can improve LV function in obese hyperglycemic mice has not
been explored.
In order to address the potential role of fish oil to prevent adverse events associated with
RSG, we investigated the dietary effects of fish oil compared to corn oil on RSG-induced
LV remodeling in C57BL/6J aging mice.

2. Materials and methods
2.1. Experimental animals
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Female C57BL/6J mice, weighing approximately 25 g, were purchased from Jackson
Laboratories (Bar Harbor, USA). At thirteen months of age, weight matched animals were
divided into five groups (n = 15 per group) and were maintained in a temperature controlled
room (22–25 °C, 45% humidity) on a 12:12-h dark–light cycle. This animal study was
approved by the Institutional Laboratory Animal Care and Use Committee of the University
of Texas Health Science Center at San Antonio and complies with NIH guidelines. The mice
were fed an American Institute of Nutrition (AIN93) diet. Fish oil was obtained from Ocean
Nutrition, Canada, and RSG was purchased from Advance Scientific Inc., USA. The mice
were fed ad libitum for 5 months. Body weights and food intake of mice were measured
weekly.
2.2. Dietary regime of corn oil and fish oil RSG and fish oil with RSG
The composition of the semi-purified AIN93 diet is presented in Table 1. The dietary
treatment groups were:
1.

standard diet fed lean control (LC),

2.

10% corn oil (CO),

3.

5% fish oil (30/20, EPA/DHA) with 5% corn oil (FO),

4.

10% corn oil with RSG (CO + RSG), and
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5.

5% fish oil and 5% corn oil combined with RSG (FO + RSG).
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The standard diet for the lean control group was purchased from Harlan, USA (Catalog No.
Harlan Teklad LM-485 Mouse/Rat Sterilizable Diet). The uniform calorie containing corn
and fish oil enriched experimental diets were produced by an in-house diet preparation
facility. RSG was provided in the diet as a 20 mg/kg/day dose, which is a dose used
previously in mice [14,22–24]. Mice were provided with fresh food every day between 1:00
and 2:00 pm. Diets were prepared each week, purged with nitrogen gas, frozen in daily
portions and sealed in polyethylene bags to minimize the oxidation of the fatty acids.
Uneaten food was weighed and replaced daily to prevent rancidity. To decrease
experimental bias, all measurements were performed by an examiner blinded to the
experimental diet. All measurements were performed after five months’ feeding of the
experimental diets.
2.3. DXA measurement and assessment
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Pre and post diet total body lean masses, abdominal fat mass and hind leg lean mass were
measured by Dual energy X-ray absorptiometry, using a Lunar PIXImus mouse bone
densitometer (GE, Madison, WI). Data were analyzed with PIXImus software [25,26]. Prior
to scanning, mice were anesthetized with an intramuscular injection of 0.1 ml/50 g body
weight of Ketamine HCl/Xylazine/Saline (3:2:5, by volume). Total lean mass was obtained
for the entire body, excluding the head.
2.4. Cardiac ultrasound imaging
Echocardiographic studies were performed using the Vevo 770™ High-Resolution In Vivo
Imaging System (Visual Sonics Inc., Canada). All measurements were performed as
previously described [27]. Mice were lightly anesthetized with Isoflurane (0.5–2% in a
100% oxygen mix) and two-dimensional targeted M-mode echocardiographic recordings
were obtained. Dimensions and wall thickness of the left ventricle (LV) were measured and
fractional shortening was calculated.
2.5. Serum metabolites
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Before sacrifice, mice were fasted for 6–8 h and blood was withdrawn from the retro-orbital
plexus. Fasting glucose (BioAssay Systems, Hayward, CA, USA) nonesterified fatty acid
(NEFA) (Wako Chemicals, Richmond, VA, USA) and triglycerides (Cayman Chemical
Company, Ann Arbor, MI, USA) were measured in serum using enzymatic
spectrophotometric methods. Serum insulin (Cayman Chemical Company, Ann Arbor, MI,
USA) and adiponectin (R & D systems Inc., Minneapolis, MN, USA) were measured by
ELISA.
2.6. Collection and histological analysis of the left ventricle
Hearts were excised, washed thoroughly with cold PBS and dissected into atria and right and
left ventricles, with the LV including the septum. The LV was cut into three transverse
sections: apex, middle ring, and base, as previously described [27]. The apex was frozen in
liquid nitrogen and used for biological assays. The middle ring was fixed in 10% formalin
for 24 h at room temperature, processed and embedded in paraffin. Sections (5 µm) were
stained with hematoxylin and eosin or picrosirius red. Picrosirius red polarization
microscopy was performed and birefringence under illumination with polarized light was
measured [28]. Quantitative morphometric analysis of collagen content was carried out by
light microscopy equipped with digital camera and polarized light (Nikon ECLIPSE TE
2000-TE) interfaced with NIS elements imaging software. At least 3 randomly selected
images (20×) of coronary arteries that were <100 µm were analyzed from each LV.
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2.7. Measurement of pro and anti-inflammatory cytokines in the left ventricle
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Frozen LV apex tissues were pulverized and homogenized at 4 °C in cold lysis buffer (20
mM HEPES, 150 mM NaCl, 1% triton X-100, 10% glycerol, 1.5 mM MgCl2, 1 mM EGTA,
1 µg/ml aprotinin, 1 µg/ml leupeptin, 1 mM PMSF, 100 µM ortho vanadate, pH 7.5) and
then centrifuged at 1500 × g for 5 min at 4 °C. The supernatant was collected and the protein
content of the samples was measured by the bicinchoninic acid (BCA) protein assay kit
(Thermo Scientific, Rockford, IL, USA). LV protein at 25 µg was used in each assay and
TNF-α, IL-6 and IL-10 were measured using ELISA kits (eBiosciences, San Diego, CA,
USA).
2.8. Measurement of total anti-oxidant capacity
The total antioxidant capacity in 25 µg LV protein was measured using a total antioxidant
assay kit (Cayman Chemical Company, Ann Arbor, MI, USA) according to the
manufacturer’s instructions.
2.9. Left ventricle gene expression using quantitative RT-PCR
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Gene levels for atrial natriuretic peptide (ANP), brain natriuretic peptide (BNP), fibronectin,
myosin heavy chain (MHC)-α, and MHC-β were measured using real time RT-PCR. Frozen
LV apex tissue was homogenized in lysis buffer and RNA was isolated using RNeasy Mini
kit (Qiagen, Turnberry, Valencia, CA, USA). Total RNA concentration was assessed in the
NanoDrop™ 1000 spectrophotometer (Thermo Scientific, USA). Real time RT-PCR was
carried out using TaqMan® RNA-to-CT 1-step kit (Applied Biosystems, USA) in an ABI
Prism 7900HT Sequence Detection System using fluorescent Taq-Man methodology. Real
time quantitative PCR was performed for each of the following genes, using ready-to-use
primer and probe sets predeveloped by Applied Biosystems (TaqMan Gene Expression
Assays) were used to quantify natural natriuretic peptide precursor type a (Nppa,
Mm01255748_g1), natural natriuretic peptide precursor type b (Nppb, Mm01255770_g1),
fibronectin (Fn1, Mm01256734_ml), MHC-α (Myh6, Mm01313840_01), and MHC-β
(Myh7b, Mm01249965_01). GAPDH (Gapdh, Mm99999915_g1) was the endogenous
control. The results were analyzed with Sequence Detector Software 2.1 (Applied
Biosystems). Relative quantification of gene expression was performed using the 2−ΔΔCt
method to calculate fold change.
2.10. Statistical analysis
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All data are presented as mean ± SEM. Differences among the groups were assessed by
ANOVA followed by Student–Newman–Keuls post test, with the level of significance set at
p < 0.05. Two-way analyses were applied to determine effects of corn oil, fish oil, corn oil +
rosiglitazone and fish oil + rosiglitazone, followed by Bonferroni post-tests. Analyses were
performed with Graph Pad Prism (La Jolla, USA).

3. Results
3.1. Food intake and body weights
As shown in Table 1, all groups were provided an equivalent amount of daily calories and
the different dietary treatments did not affect the food intake in any group. However, body
weight gain was 9.0 ± 1.0 g higher in corn oil fed mice compared to a 1.0 ± 0.5 g increase in
the lean control diet fed mice. This is consistent with the well-characterized diet-induced
obesity mouse model [25], in which insulin resistance and T2D phenotype have been studied
in detail [29]. The fish oil fed mice showed an intermediate 5.7 ± 0.5 g increase in body
weight. The corn oil + RSG fed mice showed similar increases in body weight compared to
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fish oil fed mice, which was approximately 5 g lower than seen in the corn oil fed mice
(Table 2).
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3.2. DXA measurement
As shown in Table 2, corn oil + RSG and fish oil + RSG groups both showed significant
increases in total lean mass compared to the corn oil and LC groups. Even though the fish
oil and corn oil + RSG fed mice showed a higher total lean mass compared to corn oil and
lean controls, a synergistic effect on lean muscle levels was observed in the fish oil + RSG
group. In addition, abdominal fat mass was significantly reduced in fish oil + RSG fed mice
compared to that of corn oil. Fish oil + RSG did not affect the therapeutic activity of RSG,
but decreased abdominal fat mass. Lean control standard diet fed mice showed a minimal fat
gain. Furthermore, hind leg lean mass was increased in fish oil + RSG, compared to corn oil
+ RSG fed mice.
3.3. Echocardiography measurements – LV mass and contractile function
After 5 months of dietary intervention, LV hypertrophy was noted only in the corn oil +
RSG group compared to the lean control group (Fig. 1A). Dietary supplementation of fish
oil + RSG decreased LV mass in corn oil + RSG fed mice. Moreover, fish oil + RSG fed
mice showed improved fractional shortening, which was significantly depressed in the corn
oil + RSG group compared to all other groups (Fig. 1B).
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3.4. Serum metabolites, pro- and anti-inflammatory cytokines in LV
Adipokines have been implicated in the pathogenesis of chronic inflammation and insulin
resistance associated with obesity [30]. Insulin resistance is strongly associated with obesity,
and one mechanism may be the generation of metabolic messengers, such as free fatty acids,
by adipose tissue that inhibit insulin action on muscle [31]. Therefore we measured
adiponectin and fatty acids levels. As shown in Table 3, adiponectin was significantly
increased in corn oil + RSG and fish oil + RSG groups compared to lean control and corn oil
fed mice. Triglyceride levels were significantly decreased in fish oil, corn oil + RSG and
fish oil + RSG groups compared to that of corn oil fed mice. Furthermore, NEFA levels
were significantly decreased in corn oil + RSG and fish oil + RSG compared to that of corn
oil fed mice (Table 3). Increased fasting insulin and decreased glucose values in fish oil +
RSG and corn oil + RSGfed mice were seen compared to that of corn oil fed mice (Table 3).
Interestingly, the addition of RSG with fish oil or corn oil did not alter the pharmacological
control of hyperglycemia. This confirms a compatibility of RSG with fish oil or corn oil, and
indicates an absence of a diet–drug interaction.
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TNF-α and IL-6 have been shown to increase during LV dysfunction [32]. In contrast,
increased IL-10 decreases inflammation and decreases LV remodeling [33]. TNF-α and IL-6
concentrations were significantly elevated in corn oil and corn oil + RSG fed mice compared
to lean controls. Interestingly, TNF-α and IL-6 levels were also significantly lower in fish oil
+ RSG fed mice, indicating a supraadditive effect of fish oil + RSG in controlling proinflammatory cytokines. Fish oil + RSG fed mice significantly increased IL-10
concentrations compared to that of corn oil and corn oil + RSG fed mice (Table 3). These
results indicate that fish oil reduces pro-inflammatory cytokines (TNF-α and IL-6) and
increases anti-inflammatory cytokine (IL-10), which may explain the decreased cardiac
remodeling seen in fish oil and fish oil + RSG fed mice.
3.5. Vascular hypertrophy in LV sections stained with hematoxylin and eosin
Vessel wall thickness significantly increased in corn oil fed mice compared to lean controls,
indicating increased vascular smooth muscle hypertrophy. Increased vascular wall thickness
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was prevented in the fish oil + RSG fed mice, but not in the corn oil + RSG fed mice. Fish
oil supplementation with RSG, therefore, can reduce the vascular hypertrophy observed in
corn oil fed aging mice (Fig. 2A and B).
3.6. Fish oil attenuated collagen deposition in LV
Corn oil and corn oil + RSG fed mice demonstrated increased LV collagen levels compared
to lean controls. In contrast, fish oil and fish oil + RSG fed mice showed significantly
reduced collagen content and perivascular fibrosis (Fig. 3A and B).
3.7. Left ventricular gene expression
The established molecular markers for LV hypertrophy – ANP, BNP and fibronectin – were
upregulated in corn oil + RSG fed mice (Fig. 4) [34]. The myosin heavy chain β to α ratio,
however, was not altered among groups [35]. In contrast, fish oil + RSG treatment decreased
ANP, BNP and fibronectin expression. Fish oil supplementation with RSG, therefore,
reduces the expression of molecular markers of LV hypertrophy.
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In order to explore the specific effects of corn oil, fish oil, corn oil + RSG, fish oil + RSG
and diet–drug interactions, two-way ANOVA was applied using Graph Pad prism software.
Chronic corn oil diet supplementation resulted in vascular hypertrophy, enhanced collagen
deposition and increased glucose levels. Furthermore, mice fed corn oil + RSG developed
hypertrophy, reduced fractional shortening and increased ANP, BNP and fibronectin
expressions in the LV. Interestingly, fish oil supplementation with RSG prevented the
effects observed in corn oil fed mice. The main pharmacological effects of RSG to reduce
glucose levels and improve adiponectin levels were not altered by diet treatment.

4. Discussion
The primary goal of this study was to evaluate the effect of RSG on parameters of cardiac
structure and function, in the setting of diets high in corn oil (n-6 fatty acids) or fish oil (n-3
fatty acids) in an aging mouse model of hyperglycemia and insulin resistance. The novel
findings of the present investigation were that corn oil supplementation with RSG resulted in
(i) reduced fractional shortening and increased left ventricular and vascular hypertrophy, (ii)
increased pro-inflammatory TNF-α and IL-6 with decreased anti-inflammatory IL-10 in the
LV particularly by corn oil and (iii) up-regulation of ANP, BNP and fibronectin expressions.
Interestingly, simultaneous supplementation of fish oil with RSG prevented these effects in
the obese diabetic mice. Together, our data suggest that RSG provided in a corn oil diet
exerts negative effects on LV remodeling, while fish oil supplementation prevents corn oil +
RSG-mediated inflammation and cardiac dysfunction.
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LV remodeling is defined as the structural and functional changes that occur in the LV in
response to stress or injury, characterized by an increase in LV mass [36]. Among the
molecular pathways involved in LV hypertrophy, myocardial stretch, oxidative stress, and
cytokine activation pathways have been the best characterized [37]. Corn oil is primarily
composed of linoleic acids (>55%), and its consumption accounts for 70% of the dietary
polyunsaturated fatty acids consumed. Moreover, corn oil is a significant contributor to the
obesity epidemic [38]. We observed increased LV mass in the corn oil + RSG obese aging
mice, consistent with a negative impact of corn oil on RSG action. Of note, the dose used in
the present investigation was higher than human doses in order to achieve a translational
dose in mice [23,24]. The increase in LV mass was attenuated when fish oil was added,
indicating that fish oil counters the negative effects of the corn oil. As observed in clinical
studies that RSG administration with fat intake did not alter the systemic bioavailability
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[39], similarly we noticed glucose lowering pharmacological effect in corn oil and fish oil
fed mice in the present animal study.
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TNF-α and IL-6 increase during heart failure [40], as well as in obese and type 2 diabetic
patients [41]. At the same time, IL-10, a pleiotropic anti-inflammatory cytokine that exerts
vasculoprotective effects in numerous animal models, decreases [42]. Oxidative stress,
which tips the balance between oxygen free radicals and antioxidant defense mechanisms,
also increases in heart failure [32]. Antioxidant treatment with catalase, prevents
hypertrophy induced by TNF-α [43]. We demonstrated that fish oil + RSG in aging diabetic
mice reduced LV hypertrophy, inflammatory levels, and oxidative stress induced by corn oil
+ RSG.
Adiponectin plasma levels are negatively correlated to LV remodeling [30]. Elevated plasma
adiponectin with fish oil supplementation is due to the activation of PPAR-α in adipose
tissue [44]. Adiponectin-deficient mice have enhanced LV hypertrophy that can be rescued
by adenovirus-mediated delivery of adiponectin [45], and Tao et al. have recently confirmed
that adiponectin is indispensable for RSG-mediated cardioprotection in a mouse MI model
[14]. The balance between beneficial and detrimental effects of RSG, therefore, is context
dependent. Low adiponectin levels associate with high levels of the inflammatory mediators
C-reactive protein and IL-6 [46]. In this study, we show increased adiponectin levels in fish
oil + RSG treated aging mice that explain the attenuation of LV hypertrophy.
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Chronic corn oil (n-6 fatty acids) supplementation results in age-associated obesity,
inflammation, and hyperglycemia [25]. Although RSG treatment controlled hyperglycemia
and increased lean mass in the corn oil fed mice, corn oil + RSG also up-regulated mRNA
expression of hypertrophy genes (ANP, BNP and fibronectin). Similar results have been
reported in Sprague–Dawley rats, as RSG treatment induced eccentric LV hypertrophy
despite positive effects on serum glucose levels [13]. Genomic analysis of db/db mouse
hearts demonstrated transcriptional changes with diabetes that were exacerbated by RSG
treatment [47]. Also the evidence that, RSG-induced LV hypertrophy is related to volumeoverload due to higher sodium and water retention by the kidney [48]. In contrast, studies in
a mouse reperfusion model showed a protective effect of RSG, but this benefit can be
explained by the acute treatment timing [49]. Therefore, length of treatment and edema
evaluation are important considerations, providing compelling rationale to study further in
detail.
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Fish oil increases plasma adiponectin levels, suppresses inflammation, and prevents cardiac
remodeling and dysfunction in a pressure overload rat model [21,50]. Fish oil also lowers
triglycerides and plasma free fatty acids that reduce CVD risk, especially in overweight and
T2D patients [51]. Kuda et al. recently showed that fish oil + RSG exerted additive effect in
the prevention of obesity, adipocyte hypertrophy, low-grade adipose tissue inflammation,
dyslipidemia and insulin resistance [52]. RSG also reduced triglycerides in our aging
diabetic fish oil fed mice, consistent with previous reports from other groups [53]. In the
clinic, elderly patients with T2D receive the same pharmacological therapy as the younger
adult cohort [54]. More than 20% of the population over 65 years old has diabetes [55]. Our
studies provide persuasive motivation to study effects of drugs in different age groups of
animals to predict usage related safety and toxicity aspects. Therefore, future studies that
investigate effects of chronic RSG treatment in aging animals and humans are warranted. In
addition, studies that investigate the ability of fish oil supplementation to prevent or limit
adverse effects of RSG superimposed on a corn oil diet are needed. Further studies are also
warranted to delineate the diverse effects of individual fish oil components, including EPA
and DHA, in the RSG-mediated LV hypertrophy that occurs in aging insulin resistant mice.
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5. Conclusion
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Taken together, our study demonstrates that fish oil supplementation with RSG reduced LV
hypertrophy and inflammation and decreased biomarkers of insulin resistance. Our results
support the hypothesis that RSG provided in a corn oil diet induces cardiac inflammation
and dysfunction, while fish oil supplementation attenuates this effect. In conclusion,
supplementation of fish oil in RSG therapy could become an important therapeutic choice to
lower the risk of RSG-mediated cardiac dysfunction.
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Fig. 1.

Corn oil and RSG, but not fish oil + RSG, increases LV mass to body weight ratio and
decreases fractional shortening. C57BL/6J mice were supplemented at 13 months of age
with corn oil and fish oil with and without RSG for five months. (A) Left ventricle (LV)/
body weight (mg/g) ratio and (B) % fractional shortening at 18 months of age. Data are
mean ± SEM (n = 5/group). *p < 0.05 versus lean control.
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Fig. 2.

Corn oil but not fish oil increases vascular hypertrophy in the absence or presence of RSG.
C57BL/6J mice were supplemented at 13 months of age with corn oil or fish oil with and
without RSG for five months. Significant vascular hypertrophy was observed in corn oil and
corn oil + RSG fed mice compared to lean control. This increase was prevented in the fish
oil and fish oil + RSG fed mice. (A) Representative photomicrographs (magnification 20×).
(B) Vascular hypertrophy quantification by measuring the vessel wall thickness at 4 random
areas. Data are mean ± SEM (n = 5 mice/group). *p < 0.05 versus lean control. Scale bar in
(A) is 150 µm.
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Fig. 3.

Corn oil but not fish oil increases collagen in the left ventricle in the absence or presence of
RSG. C57BL/6J mice were supplemented at 13 months of age with corn oil or fish oil with
and without RSG for five months. (A) Picrosirius red-stained specimen from mice LV under
bright field (left) and under polarized light (right). (B) Collagen brightness measured by
Nikon ECLIPSE TE 2000-TE interfaced with NIS elements imaging software. Data are
mean ± SEM (n = 4 mice/group). *p < 0.05 lean control. Scale bar in (A) is 200 µm.
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Fig. 4.

Corn oil and RSG, but not fish oil + RSG, increases LV mRNA expression of atrial
natriuretic peptide (ANP), brain natriuretic peptide (BNP) and fibronectin. mRNA
expression of (A) ANP, (B) BNP, and (C) fibronectin was measured using quantitative realtime PCR in apex of LV of C57BL/6J mice that were supplemented at 13 months of age
with corn oil and fish oil with and without RSG for five months. Data are mean ± SEM (n =
5/group). *p < 0.05 versus lean control.
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Table 1

Composition of semi-purified corn oil or fish oil diets with and without rosiglitazone (RSG).
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Ingredienta (g/100 g)

Corn
oil

Casein

14.00

Corn starch

42.43

Dextronized corn starch

14.50

Sucrose

9.00

Cellulose

5.00

AIN-93 mineral mix

3.50

AIN-93 vitamin mix

1.00

l-Cystine

0.18

Choline bitartrate

0.25

TBHQ

0.10

Vitamin E

0.04

Corn oil

10

Fish oilb

0

Rosiglitazonec (mg)

0

Fish
oil

Corn
oil + RSG

Fish
oil + RSG

5

10

5

5

0

5

0

14

14

TBHQ, tertiary butylhydroquinone. A standard diet group was maintained as a lean control.
a

All diet ingredients were purchased from MP Biomedicals (Irvine, CA, USA).

b

Fish oil (FO 30/20) contained eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) obtained from Ocean Nutrition, Nova Scotia,
Canada.
c
RSG was purchased from Advance Scientific Inc., LA, USA.
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−1

% change

1.26 ± 0.2
4

Post

% change

1.2 ± 0.05
7

Post

% change

1.36 ± 0.03
5

−1

1.40 ± 0.11

238*

3.77 ± 0.5*

1.32 ± 0.02

1.34 ± 0.07

288*

5.04 ± 0.2*

1.13 ± 0.18

7

19.70 ± 0.42

18.29 ± 0.23

24*

29.8 ± 0.44*

24.0 ± 0.40

Fish oil

6

1.37 ± 0.03

1.30 ± 0.02

232*

3.42 ± 0.2*

1.03 ± 0.08

14*,†

20.9 ± 0.2*,†

18.24 ± 0.50

25*

29.7 ± 0.66*

23.9 ± 0.50

Corn oil + RSG

22#

1.50 ± 0.04#

1.23 ± 0.06

180†

2.95 ± 0.2†

1.05 ± 0.10

18*,†

21.56 ± 0.7*,†

18.56 ± 0.21

24*

30.3 ± 0.9*

24.6 ± 0.35

Fish oil + RSG
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p < 0.05 versus corn oil + RSG.

#

p < 0.05 versus corn oil.

p < 0.05 versus lean control.

†

*

Data are mean ± SEM (n = 12–14/per group).

C57BL/6J mice were supplemented at 13 months of age with corn oil or fish oil ± RSG for five months.

1.34 ± 0.07

Pre

Hind leg lean mass (g)

1.46 ± 0.29

Pre

1.46 ± 0.29

−2

18.3 ± 0.8

Abdominal fat mass (g)

18.5 ± 0.2

18.8 ± 0.21

Post

18.45 ± 0.78

34*

33.4 ± 1.18*

24.9 ± 0.84

Corn oil

Pre

Total lean mass (g)

4

25.1 ± 0.91

Post

% change

24.1 ± 0.65

Pre

Body weight (g)

Lean control

Effect of five-month dietary supplementation of corn oil and fish oil with rosiglitazone (RSG) on body weight and composition in insulin-resistant
C57BL/6J aging mice.
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0.10 ± 0.04
1.07 ± 0.03

Insulin (ng/ml)

Non-esterified fatty acids (mmol/l)

15.1 ± 0.5
1956 ± 141.9
1.75 ± 0.07

Interleukin-6 (pg/ml)

Interleukin-10 (pg/ml)

Antioxidant capacity (mM/mgprotein)

p < 0.05 versus corn oil + RSG.

#

p < 0.05 versus corn oil.

p < 0.05 versus lean control.

†

*

Data are mean ± SEM (n = 10/group).

19.1 ± 0.8

Tumor necrosis factor-α (pg/ml)

Myocardial cytokines and anti-oxidant capacity (n = 10)

82.52 ± 5.3

46.4 ± 2.4

Triglycerides (mg/dl)

Glucose (mg/dl)

3.4 ± 0.1

Lean control

Adiponectin (µg/ml)

Serum metabolites (n = 10)

Parameters

1.53 ± 0.06*

1761 ± 27.8*

27.1 ± 4.7*

44.4 ± 5.3*

1.26 ± 0.12*

0.35 ± 0.04*

182.1 ± 8.0*

51.7 ± 2.4*

2.4 ± 0.2*

Corn oil

2.23 ± 0.25†

1884 ± 193.9†

16.7 ± 3.0†

23.2 ± 5.4†

0.92 ± 0.02†

0.31 ± 0.05*

143.2 ± 5.1†

40.8 ± 2.1†

3.9 ± 0.3†

Fish oil

1.77 ± 0.18

1507 ± 134.8*

26.9 ± 1.8†

37.2 ± 1.3†

0.85 ± 0.05†,#

0.44 ± 0.1*

133.8 ± 5.0†

38.6 ± 2.0†

5.2 ± 0.1†

Corn oil + RSG

2.52 ± 0.19#

1920 ± 263.3#

12.5 ± 2.1#

15.3 ± 3.4#

0.77 ± 0.05†,#

0.42 ± 0.1*

122.0 ± 7.6†

31.1 ± 3.0#

6.2 ± 0.2#

Fish oil + RSG

Serum metabolites and myocardial cytokine and antioxidant levels after five months dietary supplementation of fish oil or corn oil ± RSG in 18 monthold C57BL/6J mice.

NIH-PA Author Manuscript

Table 3
Halade et al.
Page 18

Pharmacol Res. Author manuscript; available in PMC 2012 April 16.

