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Abstract

Polychlorinated biphenyls (PCBs) are persistent organic pollutants associated with non-alcoholic 

fatty liver disease (NAFLD) in epidemiologic studies. The purpose of this study was to evaluate 

the hepatic effects of a PCB mixture, Aroclor 1260, whose composition mimics human 

bioaccumulation patterns, in a mouse model of diet-induced obesity (DIO). Male C57Bl/6J mice 

were fed control diet or 42% high fat diet (HFD) and exposed to Aroclor 1260 (20 mg/kg or 200 

mg/kg in corn oil) for 12 weeks. A glucose tolerance test was performed; plasma/tissues were 

obtained at necropsy for measurements of adipocytokine levels, histology, and gene expression. 

Aroclor 1260 exposure was associated with decreased body fat in HFD-fed mice but had no effect 

on blood glucose/lipid levels. Paradoxically, Aroclor 1260 + HFD co-exposed mice demonstrated 

increased hepatic inflammatory foci at both doses while the degree of steatosis did not change. 

Serum cytokines, ALT levels and hepatic expression of IL-6 and TNFα were increased only at 20 

mg/kg, suggesting an inhibition of pro-inflammatory cytokine production at the 200 mg/kg 

exposure. Aroclor 1260 induced hepatic expression of cytochrome P450s including Cyp3a11 
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(Pregnane-Xenobiotic Receptor target) and Cyp2b10 (constitutive androstane receptor target) but 

Cyp2b10 inducibility was diminished with HFD-feeding. Cyp1a2 (aryl hydrocarbon Receptor 

target) was induced only at 200 mg/kg. In summary, Aroclor 1260 worsened hepatic and systemic 

inflammation in DIO. The results indicated a bimodal response of PCB-diet interactions in the 

context of inflammation which could potentially be explained by xenobiotic receptor activation. 

Thus, PCB exposure may be a relevant “second hit” in the transformation of steatosis to 

steatohepatitis.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) affects up to 46% of the US population and is 

prevalent in approximately 20% of the population worldwide (Vernon et al., 2011; Williams 

et al., 2011). NAFLD is a progressive disease, initially manifested by accumulation of lipid 

droplets in the liver (hepatic steatosis). Following steatosis, in-flammation may occur 

leading to non-alcoholic steatohepatitis (NASH). NASH may progress to fibrosis, cirrhosis 

and eventually liver failure or hepatocarcinogenesis. Historically NAFLD was linked to high 

caloric intake, physical inactivity, genetics, and certain medications’ side effects. Emerging 

studies have demonstrated that other factors may play a role in the genesis and development 

of NAFLD or may act as a ‘second hit’ in the progression of hepatic steatosis to 

steatohepatitis (Dowman et al., 2010). These factors may include exposure to environmental 

contaminants including polychlorinated biphenyls (PCBs), bromodichloromethane (BDCM) 

and organochlorine pesticides, such as, dieldrin and DDT (Ruzzin et al., 2010; Seth et al., 

2013). Previous work from our laboratory identified NAFLD in highly exposed chemical 

workers and coined the term toxicant-associated steatohepatitis (TASH) (Cave et al., 

2010b). Additionally, we also identified suspected NAFLD/TASH in the National Health 

and Nutrition Examination Survey (NHANES) participants with chronic low-level 

exposures to PCBs (Cave et al., 2010a).

PCBs are environmental pollutants that were manufactured and used commercially as 

dielectric fluids in transformers. Structurally, PCBs are polyhalogenated aromatic 

hydrocarbons consisting of up to 10 chlorine atoms attached to biphenyl. Depending on the 

number of chlorine atom substituents, there are 209 possible individual PCB congeners. 

PCBs were manufactured as mixtures, rather than individual congeners, with a total of 1.3 

million tons being produced worldwide (Breivik et al., 2002). In the US, PCB mixtures were 

sold under the brand name ‘Aroclor’ by the Monsanto Corporation, which manufactured 

PCBs in Anniston, Alabama. Aroclor 1260 is a PCB mixture that contains 60% chlorine by 

weight, and was one of the Aroclors marketed in the early stages of PCB production. It was 

later replaced by other Aroclors (1254, 1248 and 1242). Although their production was 

banned in the 1970s, PCBs continue to persist in the environment due to their high 

thermodynamic stability and lack of metabolism by biota, and hence are also known as 
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persistent organic pollutants (POPs). Currently, PCB exposure is thought to occur primarily 

through ingestion of PCB contaminated food (Schecter et al., 2010).

The primary toxicity endpoint of PCB exposure has been an increase in cancer and is 

thought to be mediated through their interaction with transcription factors namely the aryl 

hydrocarbon receptor (AhR), the constitutive androstane receptor (CAR) and the pregnane-

xenobiotic receptor (PXR). Genotoxic carcinogenic mechanisms are activated via induction 

of the AhR and the carcinogenicity of a PCB mixture is often defined as its ability to induce 

the AhR-dependent gene transcription relative to the potent rodent carcinogen and 

prototypical AhR ligand, tetrachlorodibenzo-p-dioxin (TCDD). In addition “non genotoxic” 

carcinogenic mechanisms may also be induced including hepatomegaly by the nuclear 

receptors, CAR and PXR. Although these receptors are primarily involved in xenobiotic 

detoxification, recent studies have implicated their role in metabolic diseased states such as 

steatosis, obesity and insulin resistance (Konno et al., 2008; Merrell and Cherrington, 2011; 

Moya et al., 2010). The role of hepatic receptor–PCB interactions in NASH and the 

metabolic syndrome is understudied and requires further investigation.

Epidemiological studies have found associations between PCB exposures and metabolic 

disorders related to NAFLD, including obesity, diabetes/insulin resistance and the metabolic 

syndrome. Furthermore, 100% of adult NHANES participants had detectable circulating 

PCB levels with PCB 153 having the highest median serum concentration of any single 

congener (Cave et al., 2010a). In our recent work, we demonstrated that PCB 153 

administration was a relevant ‘second hit’ mechanism that worsened NAFLD/obesity 

occurring in the context of a high fat diet (HFD) in male C57Bl/6 mice (Wahlang et al., 

2013). However, no individual is exposed to a single PCB congener alone and therefore 

studying a PCB mixture may better simulate human PCB exposure patterns. Moreover, the 

composition of PCB congeners in Aroclor 1260 mimics human bioaccumulation patterns 

(McFarland and Clarke, 1989).

Although previous studies on PCBs have focused on carcinogenicity and acute toxicity, 

effects of chronic low-level exposures to PCBs on other pathologies such as NAFLD, 

diabetes and obesity are understudied, especially for PCB mixtures. It is therefore pertinent 

to evaluate the effects of a commercially produced PCB mixture whose composition is 

relevant to human PCB body burden, in a normal and hyper-caloric state, and investigate 

nutrient–toxicant interactions that can contribute to liver disease and obesity. We 

hypothesize that Aroclor 1260, like PCB 153, can act as an obesogen and promote/worsen 

steatosis and diet-induced obesity (DIO). In this study, we utilized a mouse model to 

determine if i) Aroclor 1260 exposures alone are sufficient to cause NAFLD and obesity; ii) 

Aroclor 1260 worsens DIO and NAFLD by exacerbating insulin resistance, adipocytokine 

dysregulation, alterations in hepatic gene expression, AhR, PXR and CAR activation and 

other implicated mechanisms; and iii) effects observed with Aroclor 1260 administration are 

dependent on PCB dose. The results of the current study establish Aroclor 1260 as a “second 

hit” driving steatosis to steatohepatitis in HFD-fed mice. The results also demonstrate that 

selective hepatic receptor activation by this PCB mixture was dependent on exposure dose 

and diet, in part, clarifying the mechanism of PCBs in NAFLD.
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Materials and methods

Animals and diets

The animal protocol was approved by the University of Louisville Institutional Animal Care 

and Use Committee. Male C57Bl/6J mice (8 weeks old; The Jackson Laboratory, Bar 

Harbor, ME, USA) were divided into 6 study groups (n = 10) based on diet and Aroclor 

1260 exposure in this 12 week study utilizing a 2 × 3 design. Mice were fed either a control 

diet (CD, 10.2% kCal from fat; TD.06416 Harlan Teklad) or a HFD (42% kCal from fat; 

TD.88137 Harlan Teklad). Diet components are described in Supplemental Table 1. Aroclor 

1260 (AccuStandard, CT, USA) was administered in corn oil by oral gavage (vs. corn oil 

alone) at two doses; a low dose of 20 mg/kg which was designed to mimic the maximum 

human PCB exposures seen in the Anniston cohort and a high dose of 200 mg/ kg which 

was similar to that used in rodent carcinogenesis studies (Cave et al., 2010a; National 

Toxicology Program, 2006b). The 20 mg/kg dose was administered on Week 1 whereas the 

200 mg/kg dose was administered as four individual doses of 50 mg/kg each on Weeks 1, 3, 

5, and 7 to ensure that acute toxicity was minimized. Mice were housed in a temperature- 

and light controlled-room (12 h light; 12 h dark) with food and water ad libitum. A glucose 

tolerance test was performed at Week 11, and the animals were euthanized (ketamine/

xylazine, 100/ 20 mg/kg body weight, i.p.) at the end of Week 12. Prior to euthanasia, the 

animals were analyzed for body fat composition by dual energy X-ray absorptiometry 

(DEXA) scanning (Lunar PIXImus densitometer, WI, USA). Thus six different treatment 

groups were evaluated in this fashion: CD + vehicle, CD + Aroclor 1260 (20 mg/kg), CD 

+Aroclor 1260 (200 mg/kg), HFD + vehicle, HFD + Aroclor 1260 (20 mg/kg), HFD + 

Aroclor 1260 (200 mg/kg).

Glucose tolerance test

On the day of the test, mice were fasted for 6 h (7 a.m.–1 p.m.), and fasting blood glucose 

levels were measured with a hand-held glucometer (ACCU-CHECK Aviva, Roche, Basel, 

Switzerland) using 1–2 μL blood via tail snip. Glucose was then administered (1 mg 

glucose/g body weight, sterile saline, i.p.), and blood glucose was measured at 5, 15, 30, 60, 

90 and 120 min post injection. Insulin resistance was calculated by homeostasis model 

assessment using the formula: homeostasis model assessment of insulin resistance (HOMA-

IR) = fasting glucose (mg/dL) × fasting insulin (μU/mL)/405.

Histological studies

Liver and adipose sections were fixed in 10% neutral buffered formalin and embedded in 

paraffin for routine histological examination. Tissue sections were stained with 

hematoxylin–eosin (H&E) or for chloroacetate esterase activity [CAE, Naphthol AS-D 

Chloroacetate (Specific Esterase) Kit, Sigma Aldrich, St. Louis, MI, USA] and examined by 

light microscopy. Photomicrographic images were captured using a high-resolution digital 

scanner at 10× and 40× magnification. After H&E staining, adipocyte size was measured 

using Image J software version 1.47 (NIH, Bethesda, MD, USA).
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Cytokine and adipokine measurement

Plasma cytokine and adipokine levels were measured using the Milliplex Serum Cytokine 

and Adipokine Kits (Millipore Corp, Billerica, MA, USA) on the Luminex IS 100 system 

(Luminex Corp, Austin, TX, USA), as per the manufacturer's instructions. Plasma aspartate 

transaminase (AST) activity, alanine transaminase (ALT) activity, low density lipoprotein 

(LDL), high density lipoprotein (HDL), triglycerides and cholesterol levels were measured 

with the Piccolo Xpress Chemistry Analyzer using Lipid Panel Plus reagent disks (Abaxis, 

Union City, CA, USA).

Measurement of hepatic triglyceride and cholesterol content

Mouse livers were washed in neutral 1× phosphate buffered saline and pulverized. Hepatic 

lipids were extracted by an aqueous solution of chloroform and methanol, according to the 

Bligh and Dyer method (Bligh and Dyer, 1959), dried using nitrogen, and resuspended in 

5% lipid-free bovine serum albumin. Triglycerides and cholesterol were quantified using the 

Cobas Mira Plus automated chemical analyzer. The reagents employed for the assay were L-

Type Triglyceride M (Wako Diagnostics, Richmond, VA, USA) and Infinity Cholesterol 

Liquid Stable Reagent (Fisher Diagnostics, Middletown, VA, USA) for triglycerides and 

cholesterol respectively.

Real-time PCR

Animal liver and adipose tissue samples were homogenized and total RNA was extracted 

using the RNA-STAT 60 protocol (Tel-Test, Austin, TX, USA). RNA purity and quantity 

were assessed with the Nanodrop (ND-1000, Thermo Scientific, Wilmington, DE, USA) 

using the ND-1000 V3.8.1 software. cDNA was synthesized from total RNA using the 

QuantiTect Reverse Transcription Kit (Qiagen, Valencia, CA, USA). Polymerase Chain 

Reaction (PCR) was performed on the Applied Biosystems StepOnePlus Real-Time PCR 

Systems using the Taqman Universal PCR Master Mix (Life Technologies, Carlsbad, CA, 

USA). Primer sequences from Taqman Gene Expression Assays (Applied Biosystems, 

Foster City, CA) were as follows: tumor necrosis factor alpha (TNFα); (Mm00443258-m1), 

fatty acid synthase (FAS); (Mm00662319-m1), peroxisome proliferator-activated receptor 

alpha (PPARα); (Mm00440939-m1), carnitine palmitoyl transferase 1A (CPT1A); 

(Mm01231183-m1), sterol regulatory element binding protein (SREBP-1c); (Mm00550338-

m1), cytochrome P450s [Cyp4a10 (Mm02601690-gH), Cyp2b10 (Mm01972453-s1), 

Cyp3a11 (Mm007731567-m1), Cyp1a2 (Mm00487224-m1)], CD36 (Mm01135198-m1), 

phosphoenolpyruvate carboxy kinase (PEPCK-1); (Mm01247058-m1), stearoyl coenzyme A 

desaturase1 (Scd1); (Mm00772290-m1), interleukin 6 (IL-6); (Mm00446190-m1), 

monocyte inducible protein 1 (MIP1); (Mm00441258-m1), monocyte chemo attractant 

protein 2 (MCP2); (Mm01297183-m1), transforming growth factor-beta (TGFβ); 

(Mm01178820_m1), collagen 1α1 (Mm00801666_g1), tissue inhibitor of 

metalloproteinases-1 (TIMP-1); (Mm00441818_m1) and glyceraldehyde-3-phosphate 

dehydrogenase (GAPDH); (4352932E). The levels of mRNA were normalized relative to 

the amount of GAPDH mRNA, and expression levels in mice fed control diet and 

administered vehicle were set at 1. Gene expression levels were calculated according to the 

2−ΔΔCt method (Livak and Schmittgen, 2001).
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Statistical analysis

Statistical analyses were performed using GraphPad Prism version 5.01 for Windows 

(GraphPad Software Inc., La Jolla, CA, USA). Data are expressed as mean ± SEM. For 2 

group comparison, an unpaired t-test was used. Multiple group data were compared using 

One Way ANOVA followed by Bonferroni's post-hoc test (for parametric data) or Kruskal–

Wallis test followed by Dunn's Multiple Comparison Test (for nonparametric data). p < 0.05 

was considered statistically significant.

Results

Aroclor 1260 decreased body weight and visceral adiposity in mice fed HFD

During the 12-week study, body weight gain was measured and percent (%) increase in 

bodyweight was calculated (Fig. 1A&B). All the HFD groups experienced weight gain vs. 

CD groups. Aroclor 1260 administration did not further increase the body weight of mice 

consuming HFD. Rather, Aroclor 1260 at 200 mg/kg decreased the body weight gain in 

HFD-fed mice vs. HFD + vehicle group (171.7 ± 8.9% vs. 156.9 ± 11.3%, p < 0.05). Aroclor 

1260 at 20 mg/kg had no effect on body weight in HFD or CD groups. The % body fat 

composition was evaluated by DEXA scanning prior to harvesting the animals (Fig. 1C). 

HFD consumption increased total body fat. Aroclor 1260 at both doses diminished the 

increase in % body fat composition in HFD-fed mice (p < 0.05) but not in CD-fed mice. In 

fact, mice co-exposed to HFD and Aroclor 1260 (20 mg/kg) appeared to have an increase in 

lean body mass as compared to HFD-fed mice only (data not shown). There were no 

differences in % fat composition in CD-fed mice exposed to Aroclor 1260 vs. CD + vehicle 

group. The pattern of epididymal fat to body weight ratio among the six groups was similar 

to the pattern of body fat composition obtained by DEXA scanning, further supporting the 

observation that Aroclor 1260 exposure attenuated the increase in % body fat caused by 

HFD feeding (Fig. 1D).

Mean epididymal adipocyte area (μm2) was larger in HFD + vehicle vs. CD + vehicle (p < 

0.05). However, Aroclor 1260 had no effect at any of the doses administered, either in mice 

fed CD or HFD (Fig. 1E&F). Food consumption per mouse per day (g) was calculated over 

the 12-week period of study. Although all the HFD groups of animals consumed more food 

(approximately 1.7-fold more calories) as compared to CD groups, Aroclor 1260 did not 

alter the food consumption rate (data not shown). Thus, Aroclor 1260 exposure at both doses 

did not increase diet-induced adiposity or adipocyte size.

Aroclor 1260 exposure caused increased liver injury in HFD-fed mice

CD-fed mice with or without Aroclor 1260 exposure did not develop steatosis or 

steatohepatitis as seen with H&E staining of the liver sections (Fig. 2A). Mice fed with HFD 

developed steatosis in both the un-exposed and Aroclor 1260-exposed groups. The most 

striking difference between the HFD and HFD + Aroclor 1260 groups was transformation 

from steatosis to steatohepatitis. HFD + Aroclor 1260 co-exposures resulted in scattered foci 

of mononuclear cells and neutrophils (confirmed with CAE stained slides) and hepatocyte 

necrosis which appeared greater in the high dose group (Fig. 2A&B). Aroclor 1260 exposure 

was associated with centrilobular enlargement of hepatocytes and karyomegaly irrespective 
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of diet type, possibly reflecting hepatic enzyme induction in these mice. Liver to body 

weight ratio was calculated and there were no differences among the groups (data not 

shown). No inflammation was observed in Aroclor 1260-exposed mice fed CD.

Liver injury, as determined by elevated serum ALT levels, was most noticeable in the HFD 

+ Aroclor 1260 (20 mg/kg) group (p < 0.05) while serum AST was unaffected (Fig. 2C&D). 

Although the higher exposure group (200 mg/kg) fed HFD tended to have more 

inflammatory foci based on histological assessment, serum ALT levels were not 

significantly elevated in this group. In the CD-fed mice, Aroclor 1260 exposure did not alter 

the serum ALT and AST levels at either dose. There was no evidence of fibrosis in the 

Aroclor 1260-exposed mice as assessed by Sirius Red staining (data not shown). Hepatic 

expression of fibrotic markers including transforming growth factor-beta (TGFβ), collagen 

1α1 and tissue inhibitor of metalloproteinases-1 (TIMP-1) were measured (Supplemental 

Fig. 1) and there was no increase in mRNA levels among the HFD groups.

The HFD + vehicle group showed a significant increase in hepatic levels of cholesterol and 

triglycerides vs. any of the CD groups (Supplemental Fig. 2). However, hepatic cholesterol 

and triglyceride levels were not significantly increased in the HFD + Aroclor 1260 at 20 or 

200 mg/kg vs. any of the CD groups. Likewise, hepatic cholesterol and triglyceride levels 

were not significantly increased in the HFD + Aroclor 1260 at 20 or 200 mg/kg vs. the HFD 

group alone. Rather, there was a trend towards decreased hepatic cholesterol and 

triglycerides with Aroclor 1260 exposure in HFD-fed mice but this was not significant. 

Taken together, these results suggest that Aroclor 1260 exposure did not worsen steatosis 

caused by HFD but augmented inflammation and induced steatohepatitis instead.

Effects of Aroclor 1260 exposure on serum adipo-cytokines

HFD consumption alone did not increase serum interleukin 6 (IL-6) or tissue plasminogen 

activator inhibitor (tPAI-1) levels vs. CD (Fig. 3A&B). However, HFD-fed mice exposed to 

Aroclor 1260 at 20 mg/kg displayed significantly elevated serum IL-6 and tPAI-1 levels (p < 

0.05). This exposure-related elevation in pro-inflammatory cytokines was absent in CD-fed 

mice. In contrast to the lower exposure, Aroclor 1260 at 200 mg/kg did not increase serum 

IL-6 or tPAI-1 levels in either the HFD or CD groups even though histological examinations 

indicated higher levels of hepatic macrophage infiltration in HFD fed animals. Serum tumor 

necrosis factor alpha (TNFα) and monocyte chemo attractant protein-1 (MCP1) levels were 

not affected by either diet or Aroclor 1260 exposure (Supplemental Fig. 3).

All the HFD groups displayed elevated serum leptin levels as compared to CD groups (Fig. 

3C, p < 0.05) consistent with the increased adiposity observed in these groups. Exposure to 

Aroclor 1260 did not affect leptin levels. Interestingly, serum adiponectin levels did not 

differ between any of the groups, irrespective of the diet type consumed (data not shown), 

leading to an increased leptin/adiponectin ratio in HFD-fed animals. Similar to leptin, serum 

resistin levels were increased in mice fed HFD (Fig. 3D, p < 0.05). Aroclor 1260 at 200 

mg/kg decreased serum resistin levels in HFD-fed mice vs. HFD + vehicle and HFD + 

Aroclor 1260 (20 mg/kg) groups (p < 0.05), indicating a dose-dependent interaction between 

Aroclor 1260 and HFD. In summary, Aroclor 1260 at the lower dose increased serum pro-
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inflammatory cytokines in HFD-fed mice, while the higher dose caused a decrease in serum 

resistin levels.

Effects of Aroclor 1260 on insulin resistance, glucose regulation, and serum lipoproteins

A glucose tolerance test was performed and HOMA-IR was calculated to determine if HFD 

and Aroclor 1260 co-exposure exacerbate HFD-induced insulin resistance, a common 

hallmark of NAFLD. HFD feeding increased HOMA-IR and Aroclor 1260 exposure (200 

mg/kg) decreased HOMA-IR in HFD-fed mice (Fig. 4A). Interestingly, serum insulin levels 

were lower in the HFD group exposed to high dose Aroclor 1260 (data not shown) which 

might have resulted in lowered HOMA-IR in this group. The HFD group showed greater 

area under the curve (AUC) in the glucose tolerance test than any of the CD groups (Fig. 

4B&C). Aroclor 1260 though had no additive effect to dietary manipulation alone. 

Therefore, while Aroclor 1260 exposure (200 mg/kg) improved HOMA-IR, GTT failed to 

improve. This could indicate impaired glucose-stimulated insulin production with Aroclor 

1260 exposure. Fasting blood glucose levels showed that Aroclor 1260 exposure lowered 

blood glucose levels in the CD-fed mice at both the 20 and 200 mg/kg doses but not in 

HFD-fed mice (Fig. 4D). This observation is consistent with our earlier study where i.p. 

injection of PCB 153 resulted in lowered fasting blood glucose levels in mice fed CD 

(Wahlang et al., 2013).

HFD feeding resulted in significantly higher mean serum cholesterol and HDL levels vs. CD 

feeding (p < 0.05). Aroclor 1260 exposure at 20 or 200 mg/kg did not affect mean 

cholesterol and HDL levels either in the HFD or CD groups (Table 1). Contrastingly, HFD 

feeding did not increase mean serum LDL levels vs. CD feeding. However, the HFD + 

Aroclor 1260 (200 mg/kg) group exhibited significantly higher mean LDL levels vs. CD + 

vehicle or CD + Aroclor 1260 (200 mg/kg). Mean serum triglyceride levels were unchanged 

irrespective of diet consumed or level of Aroclor 1260 exposure. In summary, HFD was 

associated with insulin resistance and serum hypercholesterolemia, but Aroclor 1260 had no 

observable effect on these parameters.

Aroclor 1260 exposure modulated hepatic fat metabolism

Liver-X-receptor (LXR) is the key transcription factor that drives lipid synthesis and 

cholesterol metabolism and its over-activation can promote or worsen steatosis (Lima-

Cabello et al., 2011). We were interested in evaluating if Aroclor 1260 exposure would 

increase LXR target gene expression, which in turn, worsens steatosis caused by HFD. 

There are similarities in the response elements, to which LXR and the receptors that PCBs 

activate (CAR and PXR), bind. All three receptors have the capacity to bind DR-4 response 

elements which suggests that some degree of crosstalk may be possible. HFD feeding did 

not alter FAS hepatic expression vs. CD feeding (Fig. 5A). However, Aroclor 1260 exposure 

at 20 and 200 mg/kg decreased FAS hepatic expression in HFD-fed mice (p < 0.05). HFD 

feeding increased SCD1 hepatic expression (Fig. 5B, p < 0.05) and this result was not 

affected by Aroclor 1260 exposure. Interestingly, HFD feeding alone decreased SREBP-1c 

mRNA levels but co-exposure to HFD and Aroclor 1260 at both doses resulted in increased 

SREBP1-C mRNA levels (Fig. 5C, p < 0.05), suggesting an interaction between HFD and 

Aroclor 1260 exposure. Aroclor 1260 exposure at both doses had no effect on SREBP-1c 
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hepatic expression in CD-fed mice. In contrast, Aroclor 1260 exposure at 20 mg/kg resulted 

in hepatic upregulation of CD36 in CD-fed mice (Fig. 5D, p < 0.05). Notably, CD36 is an 

LXR target gene shared by PXR as well (Zhou et al., 2008). In summary, Aroclor 1260 

exposure did not increase FAS or SCD1 hepatic expression, suggesting that LXR was not 

activated by the exposure but that these genes’ expression may have been modulated by 

CAR or PXR directly or indirectly.

PPARα is a transcription factor for lipid-catabolizing genes including CPT1A, CPT2 and 

Cyp4a10. PPARα activation results in hepatic lipid oxidation and may be protective against 

steatosis. We measured the hepatic expression of PPARα as well as its target genes, 

Cyp4a10 and CPT1A (Supplemental Fig. 4). The mRNA levels of PPARα and Cyp4a10 did 

not differ between any of the groups examined. However, CPT1A expression was 

significantly induced with low dose Aroclor 1260 exposure in the HFD group vs. HFD 

alone. Therefore, Aroclor 1260 exposure at 20 mg/kg appeared to induce CPT1A in a HFD-

setting by mechanisms independent of direct PPARα interaction.

Hepatic expression of TLR-4 target genes

Toll like receptor 4 (TLR-4) activation results in nuclear factor kappa-B (NF-κB) activation 

which in turn causes upregulation of proinflammatory cytokines (Lu et al., 2008). We 

hypothesized that Aroclor 1260 may interact directly or indirectly with TLR-4, resulting in 

monocytic infiltration as observed in liver histology and increased serum cytokine levels. 

We therefore measured the hepatic expression of TLR-4 target genes namely TNFα and 

IL-6. HFD alone did not increase TNFα mRNA levels (Fig. 6A). However, exposure to 

Aroclor 1260 at 20 mg/kg increased TNFα mRNA levels in HFD-fed mice (p < 0.05). 

Aroclor 1260 exposure at 200 mg/kg did not increase TNFα hepatic expression in either the 

CD- or HFD-fed mice. Aroclor 1260 exposure at 20 mg/kg in CD fed mice resulted in 

increased IL-6 mRNA levels vs. CD alone (Fig. 6B). Aroclor 1260 exposure at 200 mg/kg 

did not increase IL-6 mRNA levels in either the CD- or HFD-fed mice. Clearly, Aroclor 

1260 exposure at 20 mg/kg led to increased TNFα and IL-6 hepatic expressions with either 

HFD or CD respectively. Neither HFD feeding nor Aroclor 1260 exposure had any effect on 

MCP2 mRNA levels whereas MIP1α mRNA levels was increased only with HFD feeding 

(Fig. 6C&D). These results appear broadly consistent with the serum cytokine level data, 

suggesting increased inflammation and possibly sensitization to TNFα-dependent cell death 

only at the lower dose of Aroclor 1260 (20 mg/kg). Furthermore, the results also suggest that 

cytokine production may be inhibited at higher concentrations of Aroclor 1260 (200 mg/kg) 

by other mechanisms.

Aroclor 1260 induced hepatic CAR, PXR and AhR target genes

PCBs are known activators of AhR and CAR, which are involved in xenobiotic 

detoxification (Kopec et al., 2010; National Toxicology Program, 2006a). Recent studies 

have demonstrated PCBs’ interaction with other nuclear receptors including human PXR 

and rodent peroxisome-proliferator activated receptor alpha (PPARα) (Al-Salman and Plant, 

2012; Robertson et al., 2007; Wahlang et al., 2014). We hypothesized that Aroclor 1260 

may interact with these receptors in our animal model. We therefore looked at the hepatic 

expression levels of these receptors’ target genes in all animal groups.
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The mRNA levels of Cyp2b10, a CAR target gene, were significantly up-regulated in all 

Aroclor 1260-exposed groups (Fig. 7A, p < 0.05). In the CD groups, the fold induction of 

Cyp2b10 was slightly higher in the lower dose (20 mg/kg) as compared to the higher dose 

(200 mg/kg) (approximately 1000-fold vs. 500-fold respectively). Feeding a HFD markedly 

reduced the fold induction of Cyp2b10 with inductions of 4.3-fold and 12-fold being 

observed at 20 mg/kg and 200 mg/kg exposures, respectively. Thus the reduction in fold 

induction caused by HFD feeding vs. CD feeding at 20 mg/kg and 200 mg/kg was reduced 

by approximately 235-fold and 41-fold, respectively. These results appear consistent with 

previous studies (Ghose et al., 2011; Sugatani et al., 2006), and indicate that the ability of 

CAR to activate target genes is compromised when animals are fed with HFD.

Hepatic Cyp3a11 (PXR target gene) expression levels were also significantly up-regulated 

in all Aroclor 1260-exposed groups (Fig. 7B, p < 0.05). The Cyp3a11 fold induction caused 

by Aroclor 1260 exposure was significantly lower compared to Cyp2b10 (approximately 30- 

to 34-fold for the 20 mg/kg exposure and 20- to 25-fold for the 200 mg/kg exposure). 

Contrary to Cyp2b10 expression, HFD did not affect the fold inducibility of this particular 

gene. However, HFD feeding decreased the basal expression level of Cyp3a11 by 

approximately 8-fold.

The mRNA levels of Cyp1a2 (AhR target gene) were also measured in all the groups to 

determine Aroclor 1260 activation of the AhR. Hepatic Cyp1a2 expression was up-regulated 

in both dietary groups exposed to Aroclor 1260 only at 200 mg/kg (Fig. 7C, p < 0.05) but 

not at 20 mg/kg. Feeding with a HFD had no effect on either fold inducibility or basal level 

expression of this gene. These results suggest that with Aroclor 1260, the levels of 

congeners that activate CAR/PXR are present in much higher concentrations than those that 

activate AhR and the receptor based-effects of Aroclor 1260 at the lower dose are likely to 

be mediated primarily through CAR/PXR activation.

In addition to direct targets, both CAR and PXR are capable of binding, potentially 

sequestering and altering the transcriptional activity of FOXO1 (Kodama et al., 2004). 

FOXO1 is an important transcription factor controlling the expression of a wide range of 

gluconeogenic and lipogenic genes. To examine if FOXO1 mediated gene transcription was 

being affected, we examined the effects of Aroclor exposure on PEPCK-1, a prototypical 

FOXO1 target gene and the rate limiting step in gluconeogenesis. HFD feeding did not 

affect PEPCK-1 mRNA levels alone but Aroclor 1260 exposure at 20 mg/kg significantly 

reduced it in the HFD group (Fig. 7D).

Discussion

Although several PCB mixtures were commercially produced and used widely (e.g. 

Aroclor(s) 1260, 1254, 1248, 1242 and 1016), Aroclor 1260 was selected for this study 

because of the similarity in its congener composition pattern to that in human fat 

(McFarland and Clarke, 1989). The major congeners in Aroclor 1260 are the high molecular 

weight PCBs that have either 5-, 6-, 7- or 8- chlorine substituents, which in turn results in di-

ortho substitution, and hence are non-coplanar in structure. These high molecular weight 

PCBs are not well metabolized and therefore bioaccumulate in humans (Beyer and Biziuk, 
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2009). PCB toxicity has been associated with cancer, endocrine disruption, and impaired 

cognitive development, but recent epidemiologic studies have shown that PCB exposures 

can also result in metabolic disorders associated with NAFLD, including obesity, insulin 

resistance/diabetes, and the metabolic syndrome (Ruzzin et al., 2010; Silverstone et al., 

2012; Smith et al., 1982). Occupational exposure to PCB mixtures has also been associated 

with elevated plasma levels of liver enzymes (Cave et al., 2010a). Chronic exposures to 

these chlorinated compounds appear to disrupt both lipid and glucose homeostasis and 

consequently lead to diabetes and associated metabolic disorders. The current study 

investigated the effects of environmental pollutant–nutrient interactions, which is clinically 

relevant because all humans are exposed to PCBs and over 75% of the US adult population 

is considered to be either overweight or obese. Exposure to toxicants such as PCBs may act 

as a ‘second hit’ that eventually drives this population to steatohepatitis and the metabolic 

syndrome.

PCBs bioaccumulate in the liver and adipose tissue due to their hydrophobicity, thus, 

making these sites principal targets for PCB toxicity. Lipid-adjusted serum PCB levels were 

measured in NHANES participants and in the PCB exposed Anniston cohort with the 

highest reported levels ranged from 75 to 170 ng/g (Cave et al., 2010a; Goncharov et al., 

2011). Additionally, the National Toxicology Program (NTP) studies measured PCB levels 

in a 2-year gavage study in rats. Interestingly, PCB liver levels were at least 10-fold higher 

and adipose levels were at least 200-fold higher than lipid-adjusted serum levels irrespective 

of the dose administered or treatment time (National Toxicology Program, 2006b). Although 

Aroclor 1260 levels were not measured in our study, we speculate that the distribution will 

be similar to other PCBs used in NTP studies. In those studies, a 20 mg/kg cumulative dose 

yielded the following tissue levels: serum—176 ng/g, liver—3663 ng/g and adipose—

92,840 ng/g while a 200 mg/kg cumulative dose yielded levels: serum—1788 ng/g, liver—

34,010 ng/g and adipose—1,118,300 ng/g. Thus the 20 mg/kg dose employed is expected to 

produce serum levels similar to the maximum levels reported for the Anniston cohort (170.4 

ng/g). The 200 mg/kg dose is similar to that used in the NTP TR 530 for cancer studies. In 

the present study, we exposed mice to PCBs using gavage which was designed to mimic 

human exposure routes. A potential caveat is that these mice received either a single 

exposure or four separate exposures rather than the intermittent exposures that humans 

encounter from eating PCB-contaminated food. We also attempted to have several weeks 

between exposure to PCBs and the measurement of study endpoints to maximize the effects 

from bioaccumulated PCBs rather than the metabolized congeners.

The main finding in this study is the Aroclor 1260-mediated transition of steatosis to 

steatohepatitis in the DIO model. Paradoxically, NASH was associated with decreased % fat 

composition and increased lean body mass at the low dose exposure. Additionally, CD 

groups showed a decrease in body weight gain which may be attributed to stress experienced 

due to oral gavage. None of the CD groups exposed to Aroclor 1260 manifested hepatitis 

(H&E staining). Contrarily, Aroclor 1260 exposure in HFD groups worsened liver necro-

inflammation. Co-exposure to HFD and Aroclor 1260 (20 mg/kg) resulted in elevated serum 

ALT, IL-6 and tPAI-1 and upregulated hepatic TNFα expression. However, Aroclor 1260 at 

200 mg/kg did not induce systemic inflammation, despite histologic signs of liver injury.
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The results from this study differ markedly from our earlier work on a single congener, PCB 

153, where HFD + PCB 153 co-exposure worsened steatosis and obesity in male C57Bl/6J 

mice without causing inflammation (Wahlang et al., 2013). We documented PCB 153-

mediated adipokine dysregulation; a phenomenon which was absent in the current study. 

Furthermore, HFD + PCB 153 co-exposure altered hepatic expression of genes involved in 

fatty acid metabolism including increased FAS and decreased CPT1A mRNA expression. 

Although PCB 153 is present in Aroclor 1260, other congeners are present in this PCB 

mixture that may contribute to steatohepatitis and yet have no effect on obesity. Thus, 

exposing animals to a mixture can yield outcomes that are entirely different from that of a 

single congener.

Hepatic P450s, including Cyp3a11 (PXR target) and Cyp2b10 (CAR target), were induced 

by Aroclor 1260 exposure in both CD and HFD-fed mice. PXR and CAR are critically 

involved in xenobiotic metabolism and drug disposition, but recent studies demonstrated the 

importance of CAR and PXR regulation on physiological processes such as glucose and 

lipid metabolism, and this could impact NASH (Chai et al., 2013; Gao and Xie, 2010; 

Konno et al., 2008). Gao et al. demonstrated CAR as an anti-obesity receptor whose 

activation was protective against DIO and insulin resistance (Gao et al., 2009). On the 

contrary, the role of PXR in obesity remains controversial with studies reporting either anti-

obesity or obesity promoting effects (He et al., 2013; Ma and Liu, 2012; Nakamura et al., 

2007). Our RT-PCR data strongly suggest CAR activation by Aroclor 1260 as indicated by 

the ~1000- to 500-fold induction of Cyp2b10 at both the low and high exposure levels. 

Cyp3a11 induction is a hallmark of PXR activation, but activated CAR can also bind to the 

Cyp3a11 response element and drive its expression, albeit, at lower levels. Although 

Cyp3a11 was induced by ~30-fold, this induction may be mediated by CAR rather than 

PXR. These results indicate that Aroclor 1260 exposure activated CAR/PXR, hence the 

possible obesity-protective effects seen in the HFD-fed mice exposed to Aroclor 1260.

Furthermore, CAR/PXR activation suppresses FoxO1-insulin response sequence (IRS) 

binding activity (Kodama et al., 2004) resulting in decreased gluconeogenesis and hence the 

lowered fasting blood glucose levels seen in CD + Aroclor 1260 groups. Additionally, 

FoxO1, is a negative regulator of SREBP1 transcription and its sequestration by activated 

CAR/PXR could result in increased SREBP1 gene expression (Deng et al., 2012; Kodama et 

al., 2004). Notably in our study, hepatic SREBP-1c expression was upregulated in HFD-fed 

mice exposed to Aroclor 1260. However, activated CAR and PXR can transcriptionally 

activate the anti-lipogenic gene Insig-1, consequently leading to reduced SREBP1 activity 

and decreased SREBP1 target gene expression such as FAS (Roth et al., 2008). Hence, the 

decrease in FAS expression observed in this study could possibly be due to loss of SREBP1 

activity even though the gene was induced. Additionally, CD36, a lipid scavenger receptor 

and target gene shared by AhR, PXR and LXR was also induced by Aroclor 1260. Other 

novel findings in this study included induction of CPT1A and decreased hepatic FAS 

expression with Aroclor 1260 exposure in HFD-fed mice. In concert, the effects of Aroclor 

1260 on lipogenesis appeared complex, and interactions with CAR/PXR could contribute to 

the observed decrease in % fat composition in HFD +Aroclor 1260 groups. Moreover, 

glucose metabolism was abnormal in HFD-fed mice exposed to Aroclor 1260 (200 mg/kg), 

because, while HOMA-IR improved, glucose tolerance failed to improve. It appears that 
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HOMA-IR and glucose tolerance test may be insufficient to evaluate glucose metabolism in 

PCB studies, given the partially divergent effects of PCB exposure in the fed and fasted 

states. However, these observations need to be pursued further to elucidate the mechanisms 

involved.

Regardless of Aroclor 1260 exposure, it appeared that HFD consumption reduced the 

inducibility of CAR/PXR target genes as compared to CD consumption and it was only 

HFD-fed mice exposed to Aroclor 1260 that exhibited liver injury. Therefore, it is plausible 

to say that activation of xenobiotic receptors such as CAR/PXR protect against PCB toxicity 

in a low fat diet setting. Therefore HFD consumption interferes with CAR/PXR activation 

by PCBs, and therefore attenuates the protective effects of these receptors against PCB 

toxicity with the net result being increased liver injury only in Aroclor 1260 + HFD co-

exposed animals. The progression of NAFLD from simple steatosis to steatohepatitis 

requires both hepatic fat accumulation and inflammation. In this study, it was observed that 

in steatotic mice exposed to low dose Aroclor 1260, inflammation and liver injury were 

aggravated, while at the high dose, inflammation was suppressed and liver injury was 

attenuated. Our results suggest that it is the inflammatory dysfunction that PCBs induce 

rather than the degree of steatosis observed that may dictate appearance of steatohepatitis.

Hepatic expression of Cyp1a2 (AhR target gene) was up-regulated only in groups receiving 

Aroclor 1260 at the highest dose tested, suggesting dose-dependent activation of this 

receptor. AhR activation by PCBs is well documented with coplanar (‘dioxin-like’) PCBs 

including PCB 126 being good rodent AhR activators. A wasting syndrome and chloracne 

are characteristic features of AhR activation by its classic ligand TCDD (Pohjanvirta and 

Tuomisto, 1994). AhR activation is also associated with immune suppression via AhR 

interference with NF-κB signaling (Kimura et al., 2009). Consistent with these results, 

animals exposed to Aroclor 1260 (200 mg/kg) displayed lower body weight and a 

suppression of serum pro-inflammatory cytokines and resistin levels. Resistin, also known 

as the adipocyte secretory factor, is secreted by the adipose tissue and appears to participate 

in inflammatory processes as well (Menezes-Garcia et al., 2014). While reduced body 

weight has frequently been reported with animals exposed to AhR ligands, in murine and 

human models, steatosis increases, presumably due to a redistribution of dietary fat (Angrish 

et al., 2012). Thus activation of the AhR may lead to increased steatosis but decreased 

steatohepatitis, as a function of its immunosuppressive effects. The activation of AhR by 

Aroclor 1260 is likely due to the presence of coplanar congeners such as PCB 126 but these 

compounds exist in relatively low percentages in this mixture (<1%), and hence a higher 

Aroclor 1260 exposure level is required to observe the ‘dioxin-like’ effects. Therefore, 

absence of inflammation at the higher dose may be due to the immune-suppressive 

properties of activated AhR.

Thus, we identified both CAR/PXR and AhR activation as potential mode(s) of action of 

this PCB mixture in NASH. Nonetheless, rodent and human receptors may have differences 

pertaining to ligand binding activity and target gene battery. Off target effects are also 

possible mechanisms in PCB-driven NASH, but these were not evaluated in this study. 

Moreover, the current study failed to distinguish between CAR and PXR activation which is 

a potential drawback since the observed Aroclor 1260 effects may be based solely on CAR 
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activation. Thus further investigation using PXR/CAR knockout models is required in this 

direction. The study also failed to assess overall metabolism and employing metabolic 

chambers would have been useful in this regard. Furthermore, another drawback in this 

study was using serum ALT/AST as a NASH biomarker based on low sensitivity, and 

evaluating other bio-markers is a possibility in future studies (Cave et al., 2010b). In 

addition, our studies were performed using male mice; hence it is pertinent to note that the 

observed effects may vary with gender and species.

In conclusion, Aroclor 1260 exposure caused toxicant-associated steatohepatitis in animals 

fed with HFD. In contrast to our previous study wherein a single congener (PCB 153) was 

used, this PCB mixture neither increased the body weight/visceral adiposity nor worsened 

insulin resistance/DIO. There was a significant difference between the low and high 

exposure doses in terms of hepatic/systemic inflammation, which could potentially be due to 

AhR activation. Our additional findings demonstrate that Aroclor 1260 activated CAR and 

PXR and to a lesser extent AhR, suggesting congener composition and exposure levels to be 

critical in determining a mixture's mode(s) of actions. Lastly, CAR and PXR activation 

could be protective against PCB-mediated toxicity but HFD consumption may blunt this 

protection. More studies are needed on the role of PCB-nuclear receptor interactions in 

steatohepatitis.
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Abbreviations

AhR aryl hydrocarbon receptor

ALT alanine transaminase

AST aspar-tate transaminase

AUC area under the curve

CAE chloroacetate esterase

CAR constitutive androstane receptor

CPT1A carnitine palmitoyl transferase 1A

Cyp cytochrome P450

DIO diet-induced obesity

FAS fatty acid synthase

FOX01 forkhead transcription factor 01
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GAPDH glyceraldehyde-3-phosphate dehydrogenase

HDL high density lipoproteins

H&E hematoxylin–eosin

HFD high fat diet

HOMA-IR homeostasis model assessment of insulin resistance

IL-6 interleukin-6

LDL low density lipoproteins

LXR liver-X-receptor

NAFLD non-alcoholic fatty liver disease

NASH nonalcoholic steatohepatitis

NHANES national health and nutrition examination survey

NTP National Toxicology Program

PCBs polychlorinated biphenyls

PCR polymerase chain reaction

PEPCK-1 phosphoenolpyruvate carboxy kinase

POPs persistent organic pollutants

PPAR peroxisome proliferator-activated receptor

PXR pregnane-xenobiotic receptor

Scd1 stearoyl coenzyme A desaturase1

SEM standard error mean

SREBP-1c sterol regulatory element binding protein 1c

TASH toxicant associated steatohepatitis

TCDD tetrachlorodibenzo-p-dioxin

TLR-4 toll-like receptor 4

TNFα tumor necrosis factor alpha

tPAI-1 tissue plasminogen activator inhibitor 1
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Fig. 1. 
Effects of Aroclor 1260 exposure on body weight and visceral adiposity. (A). Increase in 

body weight with time for C57BL/6 mice (n = 10) fed with a 42% milk fat diet (vs. CD). 

Body weight measurements were taken from Week 1 to Week 12 (12 weeks). (B). The % 

increase in body weight gain with time was calculated and the body weight at Week 1 was 

taken as 100%. (C). The % fat composition was measured using a Lunar PIXImus 

densitometer and Aroclor 1260 (20 and 200 mg/kg) exposure lowered % fat composition in 

HFD-fed mice vs. HFD + vehicle group. (D). Epididymal weight (EW) to body weight (BW) 

ratio was calculated for all groups of mice. (E). Epididymal adipose tissue was stained with 

H&E. (F). Adipocyte size (μm2) was measured and average cell size of >100 cells for each 

group was calculated. Values are mean ± SEM, p < 0.05, a—Δ due to HFD. CD—control 

diet, HFD— high fat diet, Ar—Aroclor 1260.
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Fig. 2. 
Aroclor 1260 exposure caused steatohepatitis in HFD-fed mice. (A). H&E staining of 

hepatic sections established the occurrence of centrilobular hepatocellular hypertrophy, 

karyomegaly, and multinucleate (arrow head) hepatocytes in the CD + Aroclor 1260 (200 

mg/kg) group [A]. HFD consumption resulted in variable, centrilobular, microvesicular 

lipidosis [B–D], while centrilobular hepatocellular hypertrophy was observed in HFD + 

Aroclor 1260 (20 mg/kg) mice [C]. HFD-fed mice exposed to Aroclor 1260 (200 mg/kg) 

exhibited occasional, small areas of necrosis and inflammation (steatohepatitis) [D], 

characterized by neutrophils (arrow head) and pyknotic debris (arrow). (B). CAE staining 

demonstrated neutrophil infiltration in the HFD + Aroclor 1260 (20 and 200 mg/kg) groups. 

(C). Serum ALT and (D) AST levels (U/L) were measured (n = 10) using the Piccolo Xpress 

chemical analyzer. Values are mean ± SEM, p < 0.05, a—Δ due to HFD, b—Δ due to 

Aroclor 1260 exposure at 20 mg/kg. CD—control diet, HFD—high fat diet, Ar—Aroclor 

1260, PV—portal vein, CV—central vein.
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Fig. 3. 
Low dose Aroclor 1260 increased serum cytokines in HFD-fed mice. Serum (A) IL-6 (pg/

mL), (B) tPAI-1 (pg/mL), (C) leptin (pg/mL) and (D) resistin (pg/mL) levels were measured 

using the Luminex IS 100 system (n = 10). Values are mean ± SEM, p < 0.05, a—Δ due to 

HFD, b—Δ due to Aroclor 1260 exposure at 20 mg/kg, c—Δ due to Aroclor 1260 exposure 

at 200 mg/kg. CD—control diet, HFD—high fat diet, Ar—Aroclor 1260.
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Fig. 4. 
HFD increased insulin resistance, and this was unaffected by Aroclor 1260 co-exposure. 

(A). HOMA-IR was calculated from fasting blood glucose and insulin levels for all six 

groups of animals (n = 10). (B). Glucose tolerance test was performed, and blood glucose 

levels were measured for mice (n = 10) fed with CD or HFD, with or without Aroclor 1260 

co-exposure. (C). AUC was calculated, and the HFD groups showed higher AUC levels than 

the CD groups. (D). Fasting blood glucose levels (mg/dL) were measured, and the CD-fed 

mice co-exposed to Aroclor 1260 showed lower levels vs. CD + vehicle. Values are mean ± 

SEM, p < 0.05, a—Δ due to HFD, b—Δ due to Aroclor 1260 exposure at 20 mg/kg, c—Δ 

due to Aroclor 1260 exposure at 200 mg/kg. CD—control diet, HFD—high fat diet, Ar—

Aroclor 1260.
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Fig. 5. 
Effects of Aroclor 1260 exposure on genes involved in lipid metabolism. Real-time PCR 

experiments showed the changes in hepatic mRNA expressions caused by Aroclor 1260 

exposure for (A) FAS, (B) SCD1, (C) SREBP-1c and (D) CD36. Values are mean ± SEM, p 

< 0.05, a—Δ due to HFD, b—Δ due to Aroclor 1260 exposure at 20 mg/kg, c—Δ due to 

Aroclor 1260 exposure at 200 mg/kg. CD—control diet, HFD—high fat diet, Ar—Aroclor 

1260.
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Fig. 6. 
Effects of Aroclor 1260 exposure on TLR-4 target genes. Real-time PCR experiments 

showed the changes in hepatic mRNA expressions caused by Aroclor 1260 exposure for (A) 

TNFα, (B) IL-6, (C) MCP2 and (D) MIP1α. Values are mean ± SEM, p < 0.05, a—Δ due to 

HFD, b—Δ due to Aroclor 1260 exposure at 20 mg/kg. CD—control diet, HFD— high fat 

diet, Ar—Aroclor 1260.
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Fig. 7. 
Aroclor 1260 exposure altered hepatic expression of CAR, PXR and AhR target genes. 

Real-time PCR experiments showed the changes in hepatic mRNA expressions caused by 

Aroclor 1260 exposure for (A) Cyp2b10 (CAR target gene), (B) Cyp3a11 (PXR target 

gene), (C) Cyp1a2 (AhR target gene) and (D) PEPCK-1 (an indirect target of CAR and 

PXR). Values are mean ± SEM, p < 0.05, a—Δ due to HFD, b—Δ due to Aroclor 1260 
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exposure at 20 mg/kg, c—Δ due to Aroclor 1260 exposure at 200 mg/kg. CD—control diet, 

HFD—high fat diet, Ar—Aroclor 1260.
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Table 1

Serum levels of cholesterol, high density lipoproteins, low density lipoproteins and triglycerides.

(mg/dL) CD CD + Ar (20 
mg/kg)

CD + Ar (200 
mg/kg)

HFD HFD + Ar (20 mg/kg) HFD + Ar (200 
mg/kg)

Cholesterol 70.1 ± 7.7 76.0 ± 3.9 76.8 ± 3.8
122.1 ± 11.4

a
130.4 ± 8.2

a
130.0 ± 5.3

a

HDL 49.1 ± 6.1 52.2 ± 3.0 56.0 ± 3.0
96.8 ± 9.8

a
92.2 ± 4.4

a
93.1 ± 2.7

a

LDL 12.3 ± 1.7 16.1 ± 1.3 12.0 ± 1.6 17.3 ± 1.8 15.5 ± 2.3
21.8 ± 1.4

b

Triglycerides 44.1 ± 6.1 40.2 ± 3.6 43.8 ± 6.3 38.6 ± 3.1 53.0 ± 3.3 50.0 ± 3.1

Values are mean ± SEM (mg/dL), p < 0.05, CD-control diet, HFD–high fat diet, Ar–Aroclor 1260, HDL–high density lipoproteins, LDL–low 
density lipoproteins.

a
Δ due to HFD.

b
Δ due to Aroclor 1260 exposure at 200 mg/kg.
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