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Annexure-IX 

 
PROJECT COMPLETION REPORT 

 
 

1. Title of the project:  

Exploring the effects of peroxisome proliferator-activated receptor beta/delta activation in 

lipid induced adipocyte inflammation and insulin resistance. 

 

2. Principal Investigator(s) and Co-Investigator(s):  

Dr. Suman Dasgupta (Principal Investigator) 

 

3. Implementing Institution(s) and other collaborating Institution(s):  

Tezpur University (Implementing Institution) 

 

4. Date of commencement: 16.11.2015 

 

5. Planned date of completion: 15.11.2018 

 

6. Actual date of completion: 15.02.2019 

 

7. Objectives as stated in the project proposal: 

 

• Objective 1: To study the underlying mechanism involved in PPAR beta/delta mediated 
inhibition of lipid induced insulin resistance. To check whether PPAR beta/delta agonists 

inhibit the activity of serine kinases, JNK and/or IKK and thereby suppresses lipid induced 

IRS-1 serine phosphorylation and insulin resistance.  

 

• Objective 2: To examine the role of PPAR beta/delta in regulation of adipose tissue 
inflammation, and does stimulation of PPAR beta/delta inactivates NF-B though the 

activation of AMPK or inhibition of lipid induced TLR-4 signaling or novel PKC 

activation?  

 

• Objective 3: To evaluate the role of PPAR beta/delta in macrophage polarization and its 
effect on adipocyte function. Does PPAR beta/delta agonist inhibit lipid induced activation 

of macrophage M1 state and adipocyte dysfunction? 

 

8. Deviation made from original objectives if any, while implementing the project and 

reasons thereof: None 
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9. Experimental work giving full details of experimental set up, methods adopted, data 

collected supported by necessary table, charts, diagrams & photographs: 

 

Methodology: 

 

Cell culture, treatments and transfection: The mouse 3T3-L1, rat L6 skeletal muscle cell 

and human THP-1 monocyte cell lines were procured from the National Centre for Cell 

Science, Pune, India and were cultured in a similar manner described previously by us (1). 

Briefly, 3T3L1 preadipocyte and L6skeletal muscle cells were cultured in DMEM medium 

supplemented with 10% fetal calf serum, 25 mM glucose, 1% penicillin-streptomycin 

(Invitrogen) in a humidified 95% O2/5% CO2 atmosphere at 37 °C. Two days after 

confluence, 3T3L1 preadipocytes were stimulated to differentiate over 5 d in 

differentiation medium supplemented with 5 µg ml−1 insulin, 0.5 mmol per liter 3-

isobutyl-1-methylxanthine and 1 µmol per liter dexamethasone. For L6 myotube 

formation, cells attaining 60–70% confluence were differentiated in DMEM containing 2% 

fetal bovine serum and 1% pen-strep for 4–6 days prior to all experiments. Cells were 

incubated for 6 h with 0.75mM of palmitate conjugated with 5% BSA with or without 

PPAR activators, GW501516 and GW0742 in absence or presence of inhibitors of 

TLR4 (CLI-095), AMPK (Compound C) or PKC (Rottlerin). THP-1 monocytes were 

cultured in RPMI 1640 containing penicillin (100 U/ml) and streptomycin (100 μg/ml) and 
supplemented with 10% FBS in a humidified 5% CO2 environment at 37 °C. Two days 
after confluence, THP-1 monocytes were differentiated to macrophages by the treatment 

with PMA (5 ng/ml) for 48 h. For coculture experiments, macrophages and adipocytes 

were placed in transwell chamber. On termination of incubations, cells were washed twice 

with ice-cold PBS and harvested with trypsin (0.25%)–EDTA (0.5 mM). Cell pellets were 

either resuspended in lysis buffer (1% NP-40, 20 mM HEPES (pH 7.4), 2 mM EDTA, 100 

mMNaF, 10 mMsodium pyrophosphate, 1 mM sodium orthovanadate, 1 μg/ml leupeptin, 1 
μg/ml aprotinin, 1 μg/ml pepstatin and 1 mM PMSF), sonicated on ice and lysates were 
centrifuged for 10 min at 10,000 g and protein concentrations of supernatant were 

determined by the method of Lowry et al (2) for Western blot analysis or harvested cells 

were subjected RNA isolation followed by semi-quantitative PCR or real-time quantitative 

PCR analysis for various gene expression study. To determine the inflammatory status in 

response to palmitate and its rescue by GW0742, we performed B luciferase assay. B 

luciferase vector was transfected to 3T3-L1 adipocytes (2×105 cell/well) by using 

Lipofectamine 2000 (Invitrogen, Carlsbad, CA) following manufacturer's protocol. After 

48 h of transfection, cells were washed with DMEM. Transfected cells were then incubated 

without or with palmitate in absence or presence of GW0742 followed by the 

determination reported activity using multi-mode detector.  
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Glucose uptake assay: 2-NBDG (2-deoxy-2-[(7-nitro-2, 1, 3-benzoxadiazol-4-yl) amino]-

D glucose) uptake assay (Cayman, USA) was performed according to manufacturer's 

instruction. Briefly, 3T3-L1 adipocytes (1x106 cells/ml) were serum starved overnight in 

glucose free DMEM supplemented with 2% FBS and then treated without or with 

GW501516 or GW0742 for 1h followed by 6h palmitate (0.75mM) incubation. Cells were 

then treated with or without 100nM of porcine insulin for 30 min and 10 min prior to the 

termination of experiment 2-NBDG (100µg/ml) was added to each of the incubations. 

Cellular uptake of 2-NBDG was measured using a fluorimeter at excitation and emission 

wavelengths of 485 and 535 nm, respectively. 

 

Immunofluorescence anlysis:  L6 cells were cultured on sterile Millicell EZ-SLIDES 

(EMD-Millipore, Germany) and treated with different conditions. On termination of 

incubations, cells were fixed with 4% paraformaldehyde for 10 min followed by blocking 

with 2% BSA in PBS for 1 h at room temperature. Cells were then incubated with anti-

Glut4 antibody (1:50 dilution) in 2% BSA in PBS overnight at 4°C in a rotating platform. 

After washing with ice-cold PBS, cells were incubated with AlexaFluor 488-conjugated 

goat anti-rabbit secondary antibody (1:200 dilution) for 1 h at room temperature. Cells 

were then washed thrice with ice-cold PBS and mounted in Vectashield anti-fade mounting 

medium containing DAPI (Vector Laboratories, USA). Cellular images were taken in 

inverted fluorescent microscope (Leica DMi8, Germany) using LAS X software. 

 

Immunoblotting: Immunoblot analysis was performed by following our previously 

described method (1). Briefly, cell lysates (60 or 40 µg of protein) were subjected to either 

10% or 12.5% SDS-PAGE and transferred on to Immobilon-P PVDF membranes 

(Millipore, Bedford, MA) with the help of either Wet/Tank Blotting System or Semi-Dry 

trans-blot apparatus (Bio-Rad Laboratories, Hercules, CA). Membranes were first blocked 

with 10% non-fat dried milk or with 5% BSA in TBST (Tris-buffered saline) buffer for 1 h 

followed by the overnight incubation with primary antibodies (1:500 or 1:1000 dilutions) 

in a rotating shaker at 4°C. The membranes were then washed three times with TBST (TBS 

containing 0.1% Tween 20) buffer for 10 min interval and incubated with either ALP 

(alkaline phosphatase) or HRP (horse-reddish peroxidise) conjugated goat anti-rabbit or 

goat anti-mouse or mouse anti-goat IgG secondary antibodies (1:2000 dilution) for 2 h at 

room temperature. Membranes were then washed three times with TBST for 10 min 

interval and subjected to either 5-bromro 4-chloro 3-indolyl phosphate/nitroblue 

tetrazolium (BCIP/NBT) incubation for protein band visualization or exposed to Super 

Signal West Pico Chemiluminescent Substrate incubation for 5 min at room temperature 

followed by visualization and quantification in Chemidoc XRS+ System (Bio-Rad 

Laboratories, USA) using Image Lab Software.  

 

RNA isolation, Semi-quantitative RT-PCR and real-time quantitative PCR: Total RNA 

was extracted from the cells of different incubations using RNeasy Lipid Tissue Mini Kit 
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(Qiagen, Germany) according to the manufacturer’s instruction. RNA was treated with 

DNase I and reverse transcribed using the iScript Reverse Transcription Supermix. We 

used 2X PCR Master Mix for semi-quantitative RT-PCR in BioRad C-1000 Thermal 

Cycler and iTaq™ Universal SYBR® Green Supermix or DyNAmo color-flash SYBR 

green qPCR kit were used for real-time quantitative PCR in ABI-7500 system using gene-

specific primers. The real-time quantitative PCR analysis was performed in following 

cycling conditions: 50°C for 2 min, 95°C for 10 min, 40 cycles of 95°C for 15 s, 55°C for 

30 s, and 72°C for 30 s. A melt curve analysis was performed in real-time quantitative PCR 

after the final extension to ensure the specificity of the products. The fold changes in 

expression were determined using 2ΔΔCt and the expression of target genes were 

normalized to GAPDH expression.  

 

kB luciferase reporter assay: 3T3-L1 adipocytes (2×105 cells/well) were transfected with 

B-luciferase expression plasmid (0.25 mg/well) using Lipofectamine 2000 Transfection 

Reagent (Invitrogen, USA) following manufacturer’s protocol. Briefly, 7.5 μl of 
Lipofectamine 2000 reagent and 6 μl of 0.25 mg B luciferase plasmid were added 

separately into 100 μl of Opti-MEM medium. After 5 min incubation, both solutions were 

mixed and incubated for 30 min. The transfection mixture was added to the cells 

containing 0.8 ml of 2% FBS containing DMEM without antibiotics. After incubation at 

37°C for 6 h, culture medium was changed to DMEM containing 10% FBS. After 48 h of 

transfection, cells were washed with DMEM and used for different incubations. On 

termination of incubations, cells were lysed and luciferase activity was measured using 

Steady-Glo Luciferase Assay System (Promega, USA) with the help of Varioskan LUX 

Multimode Microplate Reader (Thermo Scientific, Finland). 

 

 Adipocyte Differentiation and Oil red O staining: Differentiated 3T3-L1 adipocytes were 

treated with palmitate in absence or presence of PPARactivator, GW0742. On 

termination of incubations, cells were fixed in 4% paraformaldehyde for 10 min and 
stained with Oil-Red O stain for 30 min at room temperature. Cells were then rinsed in 
60% isopropanol followed by washed in PBS for three times. Cellular images were taken 

using inverted fluorescent microscope (Leica DMi8, Germany).  

 

Statistical analysis: All data were derived from at least three independent experiments and 

analyzed by one-way analysis of variance (ANOVA); where the F value indicated 

significance, means were compared by a post hocmultiple range test. All values were 

means±SEM. A level of p < 0.05 was considered significant. Statistical analyses were 

conducted using Sigma Plot 10.0 software. 
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Results:  

 

To study the involvement of PPAR in preventing lipid induced insulin resistance, we 

incubated 3T3L1 adipocytes with PPAR agonist (GW501516 or GW0742) for 1 h 

followed by the incubation with a inducer of insulin resistance, palmitate (0.75mM) a 

saturated free fatty acid, for 6h in absence or presence of insulin to assess the effect of 

PPAR agonists in preventing lipid induced insulin resistance. Interestingly, both 

GW501516 and GW0742 prevents lipid induced impairment of insulin stimulated glucose 

uptake in 3T3L1 adipocytesas indicated by increased uptake of fluorescent labelled 

deoxyglucose (2-NBDG), however, the effect was more notable when cells treated with 

GW0742 (Figure 1A). Addition of increasing concentrations of GW0742 (5-20M) to 

3T3L1 adipocytes incubation showed a dose dependent improvement of insulin activity 

suppressed by palmitate (Figure 1B). Insulin binding to its receptor on target cell surface 

transduces a signal cascade which is initiated with insulin receptor tyrosine kinase 

phosphorylation and ultimately to protein kinase B or Akt through several signaling 

molecules. It could be seen from Figure 2A that all these signaling molecules activation 

were attenuated in 3T3L1 adipocytes by palmitate which was waived when incubated with 

PPAR agonist, GW0742. We also investigated Glut4 migration to cell membrane in 

response to PPAR agonist treatment in L6 myotubes as it is an important marker for 

insulin action which helps in transporting glucose into the cells. Insulin effected Glut4 

migration from cytosol to membrane was prevented by palmitate while in cells treated with 

GW0742, palmitate did not inhibit insulin stimulated Glut4 migration (Figure 2B). These 

results indicate activation of PPAR in 3T3L1 adipocytes and L6 myotubes prevents 

lipid induced insulin resistance. 

 

Recent studies showed that obesity-associated chronic low-grade inflammation in 

adipocytes play a crucial role in the pathogenesis of insulin resistance and T2DM. 

Palmitate strongly induces inflammatory states in adipocytes by the activation of JNK and 

IKK which induces serine phosphorylation in IRS and thus mitigates insulin action. To 

have more insight, specifically to observe whether the effect of PPAR agonist is 

mediated through the suppression of JNK and/or IKK, we analysed the pJNK and 

pIKKlevel in GW0742 treated cells. Palmitate induced upregulation of pJNK and 

pIKKlevel were significantly inhibited in cells treated with GW0742 (Figure 3A). To 

investigate further, we tested the activation status of NF-B, a key transcription factor 

involved in inflammation. Increased abundance of B luciferase activity in response to 

palmitate treatment was inhibited by the incubation with GW0742 (Figure 3B). All these 

results suggest that increased inflammatory milieu imposed by palmitate was effectively 

prevented by the activation of PPAR. 
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   Figure 1: Palmitate (FFA) inhibition of insulin stimulated glucose uptake was prevented by PPAR agonists. 

(A)2NBDG uptake by 3T3L1 adipocytes incubated without or with insulin or insulin + FFA in presence or absence of 

GW501516 or GW0742. (B) 2NBDG uptake by 3T3L1 adipocytes in presence of increasing concentrations of GW0742. 

Each value is the mean ± SEM of three independent experiments, *p < 0.001 vs Con, **p < 0.001 vs Ins, #p < 0.01, ##p < 

0.001 vs Ins + FFA. 

 

  

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Effect of PPAR agonists on the lipid induced impairment of insulin signalling. Representative images of 

immunofluorescence analysis of Glut-4migration in L6 myotubes in response to various incubations as indicated above. 
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Figure 3: Suppression of adipocyte inflammation by PPAR agonist. (A) Western blot showing pJNK and pIKK 

abundance in 3T3L1 adipocytes incubated without or with FFA in absence or presence of GW0742. Total JNK and IKK 

were used as loading control. (B) kB-luciferase activity in adipocytes in response to indicated incubations. Each value is 

the mean ± SEM of three independent experiments, *p < 0.01 vs Con, #p < 0.001 vs FFA. 

 

In addressing the objective 2 of our project, we incubated 3T3L1 adipocytes with TLR4, 

AMPK and PKC inhibitors, CLI-095, Compound C and Rottlerin, respectively, for 1 h 

followed by the incubation with a inducer of insulin resistance, palmitate (0.75mM) a 

saturated free fatty acid, for 6h to investigate the involvement of TLR4, AMPK and PKC 

pathway in promoting lipid induced insulin resistance. Interestingly, TLR4 antagonist CLI-

095 strikingly inhibits lipid induced NF-B activation, a master regulator of inflammatory 

signalling (Figure 4). AMPK inhibitor did not produce any significant changes, however, 

treatment with PKC inhibitor showed meagre effect on NF-B inactivation (Figure 4). All 

these indicate TLR4 signaling play a crucial role in lipid induced adipocyte inflammation. 

To analyse the effect of PPARsignaling in the prevention of lipid induced adipocyte 

inflammation, we incubated 3T3-L1 adipocytes with FFA in presence or absence of 

PPAR agonist GW0742 and on termination of incubations, cells were subjected to real 

time qPCR analysis of various proinflammatory cytokines gene expression. Marked 

induction of TNF-, IL-1, IL-6 and MCP-1 proinflammatory gene expression was 

observed in FFA treated cells which were significantly reduced when cells pretreated with 

GW0742 (Figure 5). Our results suggest that activation of PPAR notably prevents 

lipid-induced adipocyte inflammation by inhibiting TLR4 activation. Recent studies 

showed that obesity-associated chronic low-grade inflammation in adipocytes play a 

crucial role in the pathogenesis of insulin resistance and T2DM. Previously, we observed 

that palmitate induced activation of JNK and IKK promotes serine phosphorylation in IRS 

and mitigates insulin action. However, when cells were treated with GW0742, it notably 

suppressed JNK and IKK activation and prevents adipocytes insulin resistance.  

 

To have more insight, specifically to observe whether the effect of PPARagonist is 

mediated through the inhibition of lipid induced TLR4 activation, we incubated cells with 

PPARagonist in presence of FFA and observed that NF-B and IB- activation by 

FFA was significantly prevented by PPARagonist GW0742 and TLR4 antagonist, CLI-

095. This was confirmed by B luciferase assay. Increased abundance of B luciferase 

activity in response to palmitate treatment was inhibited by GW0742 and CLI-095 (Figure 

6). These results suggest that increased inflammatory milieu imposed by lipid was 

effectively prevented by the activation of PPAR. Therefore, targeted activation of 

PPAR in adipocytes could be beneficial for lowering inflammatory cues in adipose 

tissue microenvironment and thus promoting insulin sensitivity and glucose homeostasis.  
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Figure 4: Palmitate (FFA) induced activation of NF-B, a master regulator of inflammatory signalling, was prevented by 

TLR4 antagonist, CLI-095. The kB-luciferase activity analysis showing abundance of B promoter activity in 3T3L1 

adipocytes treated without or with FFA in presence or absence of TLR4, AMPK and PKC inhibitors, CLI-095, 

Compound C and Rottlerin, respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Lipid induced inflammatory cytokines expression was prevented by PPAR agonists, GW0742. Real time 

qPCR analysis of proinflammatory cytokines gene expression analysis depicts marked induction of TNF-, IL-1, IL-6 

and MCP-1 gene expression in 3T3-L1 adipocytes in response to FFA incubation were notably suppressed by PPAR 

agonists, GW0742. Each value is the mean ± SEM of three independent experiments, *p < 0.001 vs Con, #p < 0.01 vs 

FFA. 
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Figure 6: Prevention of FFA induced adipocytes NF-B activation by TLR4 antagonist and PPAR agonist. 

Increased kB luciferase activitydue to FFA incubated cells was waived by GW0742 and CLI-095. Each value is the 

mean ± SEM of three independent experiments, *p < 0.001 vs Con, #p < 0.01 vs FFA. 

 

 

In addressing the Objective 3 of our project, we incubated THP-1 macrophages with 

PPARactivator, GW0742, for 1h followed by the 6h incubation of palmitate 

(0.75mM), a saturated free fatty acid and known inducer of insulin resistance, to 

investigate the effect of PPARactivation on macrophage polarization status. 

Palmitate treatment for 6h significantly induces the M1 polarization status as indicated 

by the increased abundance of iNOS, TNF-, IL-1, and MCP-1 gene expression 

(Figure 7). Interestingly, pretreatment of PPARactivator, GW0742 markedly 

prevents lipid-induced proinflammatory cytokines gene expression (Figure 7).  

 

 

 

 

 

 

 

 

 

 

 

 

 

                       

 

Figure 7: THP-1 macrophages were treated with palmitate in absence or presence of PPARactivator, GW0742. On 

termination of incubations, cells were harvested for RNA extraction followed by RT-PCR analysis of various M1 

proinflammatory (iNOS, TNF-, IL-1, and MCP-1) gene expression. Each value is the mean ± SEM of three 

independent experiments, ***p < 0.001, **p < 0.01, *p < 0.05 vs Con, ##p < 0.01, #p < 0.05 vs FFA. 

 

Obesity is known to regulate the macrophage polarization which favours its phenotypic 

switch from an anti-inflammatory M2 polarization state to a proinflammatory M1 

polarization state in the adipose tissue and contributes for the development of insulin 

resistance. We therefore examined the M2 anti-inflammatory gene expressions particularly 

IL-4, IL-10, IL-13 and TGF- in macrophages treated with palmitate in absence or 

presence of PPARactivator, GW0742. Interestingly, we observed that GW0742 notably 

upregulates the M2 antiinflammatory gene expression (Figure 8). It would be interesting to 

note that although we observed a massive upregulation of M1 proinflammatory gene 

expression in response to palmitate, however, we did not notice any significant alteration of 

M2 anti-inflammatory gene expressions in response to palmitate and that may be due to the 
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selected dose and time of palmitate incubation. However, GW0742 incubation leads to a 

massive stimulation of M2 markers with concomitant decrease of M1 markers in THP-1 

macrophages indicate that cellular activation of PPAR could able to revert the 

macrophage polarization from M1 to M2 state that favours insulin sensitivity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 8: 3T3-L1 cells were treated with palmitate in absence or presence of GW0742. On termination of incubations, 

cells were harvested for RNA extraction followed by RT-PCR analysis of IL-4 and TGF- gene expression. Each value is 

the mean ± SEM of 3 independent experiments, **p< 0.01, *p< 0.05 vs Con. 

 

Therefore, our results suggest that PPAR activation notably prevents lipid-induced M1 

proinflammatory gene expression and promotes M2 antiinflammatory gene expression in 

macrophages. Thus, our study clearly depicts that PPARactivation have profound effect 

on the attenuation of lipid-induced adipose tissue inflammation.  

 

To explore the role of PPARactivation on macrophage-adipocyte cross-talk for 

inhibiting lipid-induced adipocytes insulin resistance, we coculture macrophage and 

adipocytes in Boyden chamber. Macrophages treated with PPARactivator, GW0742 for 

1h were exposed to adipocytes incubated with palmitate, a saturated free fatty acid, for 4h 

and subjected to glucose uptake assay. Insulin stimulated increased uptake of 2-NBDG, a 

fluorescent labeled glucose analog, by adipocytes were strikingly inhibited when exposed 

to palmitate incubation. Interestingly, we observed that when macrophages exposed to 

PPARactivator, GW0742 and was cocultured with adipocytes, the lipid induced 

impairment of 2-NBDG uptake was waived (Figure 9). This result indicates that GW0742 

incubated macrophages produced beneficial effect on lowering the lipid-induced 

adipocytes insulin insensitivity. 
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Figure 9: Analysis of 2-NBDG uptake by 3T3-L1 adipocytes in response to Insulin (Ins) or Ins + FFA (palmitate) in 

presence or absence of GW0742 treated macrophages cocultured in Boyden chamber. Each value is the mean ± SEM of 

three independent experiments. *p < 0.01 vs Con; #p < 0.05 vs Ins;  $p < 0.05 vs Ins+FFA. 

  

 

Adipose tissue was once considered an inert tissue, functioning solely as an energy storage 

depot for triglycerides. More recently, it has been viewed as a master regulatory tissue in 

controlling both glucose and lipid homeostasis in humans. The importance of adipose 

tissue in controlling whole-body metabolism is reinforced by the observation that a lack of 

adipose tissue leads to the development of insulin resistance and type 2 diabetes in mice 

and humans. The formation of mature adipocytes from preadipocytes, a process called 

adipogenesis, plays a crucial role in controlling normal adipose tissue function which not 

only stores energy in the form of triglycerides but it secretes a variety of adipokines that 

mainly govern cellular metabolism.  

 

We therefore investigated whether PPARactivation might play a role in adipogenesis. 

We examined the effect of PPARactivator, GW0742 on the adipogenesis in-vitro. Oil 

red O staining for detection of adipocyte differentiation was investigated. Incubation of 

PPARactivator, GW0742, notably reduced lipid droplets in the cytoplasm from 

cultured 3T3-L1 cells (Figure 10).  
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Figure 10: Images showing Oil-red O staining of 3T3-L1 adipocytes incubated without or with PPAR 
activator GW0742. Scale bar, 20 m.  

 

Moreover, we also analysed the gene expression and protein level of PPAR- and C/EBP-

, the master regulators of adipogenesis. We noticed that incubation of PPAR activator 

GW0742 strikingly lower the gene and protein expression of PPAR- and C/EBP- as 

indicated by RT-PCR and Western blot analysis (Figure 11).  
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Figure 11: 3T3-L1 preadipocytes were treated with adipocyte differentiation medium (ADM) in absence or presence of 

PPARactivator, GW0742, for 7 days. On termination of incubations, cells were harvested for RNA extraction 

followed by RT-PCR analysis of PPAR-2 and C/EBP- gene expression (top). In a separate set of same incubation, cells 

were subjected to Western blotting to observe the PPAR- and C/EBP- level (bottom). Each value is the mean ± SEM of 

3 independent experiments, **p < 0.01, *p < 0.05 vs Con, ##p < 0.01, #p < 0.05 vs ADM. 

 

 

10. Detailed analysis of results indicating contributions made towards increasing the 

state of knowledge in the subject: 

 

Over the last decade, an abundance of evidence has emerged demonstrating a close link 

between a state of chronic low-level inflammation and obesity induced insulin resistance 

(IR) and type 2 diabetes (T2D). It is well established that peroxisome proliferator-activated 

receptors (PPARs), members of the nuclear receptor superfamily of ligand-inducible 

transcription factors, play a key role in maintaining body metabolic homeostasis by linking 

lipid metabolism and innate immunity (3). Of the three PPAR isotypes found in mammals, 

PPARα and PPARγ are the targets for hypolipidemic (fibrates) and anti-diabetic 

(thiazolidinediones) drugs, respectively. In recent years, peroxisome proliferator-activated 

receptor β/δ (PPARβ/δ) activation has been proposed as a potential treatment for IR and 

metabolic syndrome (4-8). Activation of PPARβ/δ by high-affinity ligands enhances fatty 

acid catabolism in adipose tissue and skeletal muscle, with displaying a lean phenotype 

and is protected from high fat diet-induced obesity (9). However, there are no data 

showing involvement of PPARβ/δ and also the potential mechanism of suppressing 
inflammation and stimulating insulin sensitivity in adipocytes, a major insulin target cells.  

 

Investigating the role of PPARin preventing the lipid induced insulin resistance, we 

observed that activation of PPARby GW0742 in 3T3L1 adipocytes and L6 myotubes 

strongly prevents palmitate-induced impairment of glucose uptake and insulin signalling 

pathway molecule inactivation and Glut4 migration. It was previously reported that lipid 

induced adipose tissue inflammation attenuates of insulin signaling pathway by the 

stimulation of serine phosphorylation in IRS1. Interestingly, we observed that 

PPARagonist treatment markedly inhibits lipid induced activation of serine kinases 

such as JNK and IKK which are known to promote inhibitory serine phosphorylation at 

IRS1 that attenuate insulin signaling. Since prolong existence of insulin resistance in 

human being leads to the development of future pathogenesis of T2DM, our observation 

shows importance of PPARas a possible therapeutic target against this insidious 

disease. To address the role of PPARin preventing lipid-induced adipocyte 

inflammation, we observed that activation of PPARin 3T3L1 adipocytes markedly 

prevents palmitate induced TLR4 activation and proinflammatory signalling cascade. 

Interestingly, we observed that PPARagonist prevents NF-B activation and various 

proinflammatory cytokines gene expression such as TNF-, IL-1, IL-6 and MCP-1 which 
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are known to cause inflamed adipocyte, the major causal factor for promoting adipocyte 

insulin resistance. Since prolong existence of insulin resistance in human being leads to the 

development of future pathogenesis of T2DM, activation of adipocytes PPARcould be 

a valuable option to inhibit adipose tissue inflammation and insulin resistance.  

 

Obesity is known to regulate the macrophage polarization which favours its phenotypic 

switch from an M2 polarization state to a M1 polarization state in the adipose tissue and 

that contributes for the development of insulin resistance. We therefore interested to 

examine the effect of PPARactivator GW0742 on macrophage polarization status 

particularly whether lipid-induced overexpression of M1 markers could be reduced by 

PPARactivation with an induction of M2 anti-inflammatory gene expressions in 

macrophages. We have observed that lipid-induced overexpression of M1 macrophage 

markers were notably subdued by GW0742. It would be interesting to note that although 

we observed a massive upregulation of M1 proinflammatory gene expression in response 

to palmitate, however, we did not notice any significant alteration of M2 anti-inflammatory 

gene expressions in response to palmitate and that may be due to the selected dose and 

time of palmitate incubation. However, we noticed that GW0742 treatment significantly 

upregulates the M2 macrophage markers expression which indicate that cellular activation 

of PPAR could able to revert the macrophage polarization from M1 to M2 state that 

favours insulin sensitivity. Moreover, to explore the role of PPARactivation on 

macrophage-adipocyte cross-talk for inhibiting lipid-induced adipocytes insulin resistance, 

we incubated macrophages with PPARactivator, GW0742, and coculture with 

adipocytes exposed to palmitate, and analysed the adipocytes glucose uptake. Insulin 

stimulated increased uptake of glucose was strikingly inhibited when exposed to palmitate 

incubation and it was intriguing to note that adipocytes insulin sensitivity was induced 

when it was coculture with GW0742 treated macrophages. This result indicates that 

GW0742 incubated macrophages produced beneficial effect on lowering the lipid-induced 

adipocytes insulin insensitivity. 

 

Adipose tissue now considered as a master regulatory tissue in regulating insulin 

sensitivity. Several studies have shown that adipogenesis, a process where mature 

adipocytes were formed from preadipocytes, plays a critical role in controlling normal 

adipose tissue function that govern cellular metabolism. We observed that 

PPARactivator, GW0742, notably reduced the adipogenesis process as indicated by 

reduction of lipid droplets and PPAR- and C/EBP- gene and protein expression in 3T3-

L1 cells. Therefore, the results we obtained from this study clearly depict the importance 

of PPARactivation in adipocytesas a possible therapeutic target against lipid-induced 

adipose tissue inflammation and insulin resistance. 

 

 



16 
 

11. Conclusions summarizing the achievements and indication of scope for future work: 

 

Increased annual rate and prevalence of type 2 diabetes (T2D) is suggests that existing 

therapeutic measures are insufficient. Therefore, to find out a suitable drug target is 

imminent. Our findings shows the importance of PPARactivation in adipocytes, and  

sketeletal muscle cells, two major target cells for insulin action, that attenuates lipid 

induced insulin resistance. We have observed that activation of PPARin adipocytes 

and macrophages notably inhibits lipid-induced adipose tissue inflammation by the 

inhibition of TLR4 activation. We also noticed that PPARactivation notably reduced 

the expression of PPAR- and C/EBP- which inhibits massive lipid deposition in 

adipocytes and thus maintain the adipocyte insulin sensitivity. Prolong existence of 

insulin resistance in human being leads to the development of future pathogenesis of type 

2 diabetes, therefore, our observation shows importance of PPARas a therapeutic 

target against this insidious disease. Therefore, it would be ideal to explore different 

molecules potential to activate PPARwithout imposing any toxic side effects. 
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