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Summary 

The cis(c)-9, trans(t)-11 (c9,t11) and t10,c12 isomers of conjugated linoleic acid (CLA) have 

been reported as agonists of peroxisome proliferator-activated receptor (PPAR) and 

beneficial in lipidemia and glycaemia. However, it is unclear whether CLA isomers enhance 

or antagonize effects of conventional drugs targeting PPAR. Male Sprague-Dawley rats were 

fed high fat diet (HFD) for 8 weeks and treated without or with CLA, rosiglitazone or both 

for 4 weeks. Oral glucose tolerance and surrogate markers of insulin resistance were not 

significantly different for all treatments compared to untreated normal diet (ND) or HFD 

group, except lipoprotein levels. The combination of CLA and rosiglitazone had suppressed 

levels of low and high density lipoproteins (46% and 25%, respectively), compared to HFD-

alone. Conversely, the atherogenic co-efficient of the animals received HFD or 

HFD+rosiglitazone+CLA was 2-folds higher than ND, HFD+rosiglitazone or HFD+CLA.  Of 

note, isolated aortic rings from the combined CLA and rosiglitazone treated animals were less 

sensitive to isoprenaline-induced relaxation among endothelium-denuded aortas with a 

decreased efficacy and potency (Rmax=53±4.7%; pEC50=6±0.2) compared to endothelium-

intact aortas (Rmax=100±9.9%; pEC50=7±0.2). Our findings illustrate that the combination 

of CLA and rosiglitazone precede the atherogenic state with impaired endothelium-

independent vasodilatation before the onset of HFD-induced insulin resistance.  
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Introduction 

Type 2 diabetes mellitus (T2DM) is one of the major global health burdens and have reached 

worldwide epidemic. T2DM is accompanied by major hallmarks such as atherogenic 

dyslipidemia and endothelial dysfunction (Mooradian 2009, Bakker et al. 2009). Together, 

these hallmarks predispose T2DM patients to cardiovascular diseases. The current options 

available for treatment and management of T2DM are relatively limited, having problems 

with non-negligible side effects, and/or often require multiple combinations of drugs that 

mostly potentiate the adverse effects. 

Thiazolidinediones (TZD) or glitazones are oral anti-hyperglycemic drugs commonly 

referred as “insulin sensitizers”. The use of these glitazones, including rosiglitazone, have 

been cautioned for increased risk of cardiovascular diseases in T2DM patients (Hiatt et al. 

2013, Nissen and Wolski 2007, Nissen and Wolski 2010). This prompts the search for 

alternative drugs with a better clinical safety profile or suitable supplements to combat the 

adverse effects of TZD without altering its insulin sensitizing potential.  

Conjugated linoleic acids (CLA) refer to a group of positional and geometric isomers of 

octadecadienoate (C18:2) with conjugated double bonds. Specifically two isomers of CLA, 

cis-9, trans-11 (c9,t11) and trans-10, cis-12 (t10,c12) isomers exist in abundance in dairy 

products and ruminant meats (Pariza et al. 1999) and garnered immense interest for their 

biological activity (Dilzer and Park 2012, Mohankumar et al. 2011, Shokryzadan et al. 2015, 

Taylor and Zahradka 2004). Of note, unlike TZDs, dietary supplementation of CLA has been 

shown to promote weight loss in obese animals and weight gain in lean animals, prevent 

cardiac hypertrophy and blood pressure elevation in spontaneously hypertensive rats (Alibin 

et al. 2008, DeClercq et al. 2012), and decrease LDL cholesterol in obese insulin-resistant 

rats and healthy human subjects (Derakhshande-Rishehri et al. 2015, Noone et al. 2002, 
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Wanders et al. 2010). These distinct properties of CLA compared to TZDs suggest that there 

is a possibility that CLA may be used as an alternative supplement or substitute to combat the 

adverse effects of TZD.  

In regards, a previous study conducted in mice fed a high fat diet demonstrated that 

supplementation with CLA prevented weight gain in rosiglitazone-treated mice without 

affecting the insulin sensitizing effects of rosiglitazone (Liu et al. 2007). However, it is not 

clear whether or not co-administration of CLA and TZD alter lipoproteins level and vascular 

functions. The present study therefore examined the effects of CLA isomers and rosiglitazone 

either alone or in combination on surrogate markers of insulin resistance, including 

lipoproteins, and on vascular contractility in rats fed high fat diet.  

Methods 

Chemicals 

Rosiglitazone was purchased from LKT Laboratories (R5773), USA. Conjugated linoleic 

acid (1:1 ratio of c9,t11 and t10,c12) was purchased from Nu Chek Prep (UC-59-AX), USA. 

(R)-(–)-Phenylephrine hydrochloride and isoproterenol hydrochloride (isoprenaline) were 

purchased from Tocris Bioscience, UK. 

 

Animals and diet 

Thirty male Sprague-Dawley (SD) rats (6-weeks old) were received (Monash University 

Malaysia Campus, Malaysia) and acclimatized with normal rodent chow diet (Altromin, 1324, 

Germany) for two weeks. We selectively used male rats as they are known to be more 

susceptible to metabolic disorder than female rats and to avoid the estrous cycle mediated 

interference on metabolic parameters in female rats. The experimental protocol was approved 
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by the Faculty of Medicine Institutional Animal Care and Use Committee, University of 

Malaya (Approval number: 2014-03-05/PHAR/R/DDM) and the Animal Welfare and Ethical 

Review Body, University of Nottingham. Food and water were provided ad libitum.  

The rats were divided into groups fed with normal diet (ND; 4.10% total energy from fat; 6 

rats) and high fat diet (24 rats; 60% total energy from fat; Research Diets, D12492, USA). 

After completion of 8 weeks of HFD feeding, rats were divided into the following groups and 

treated for 4 weeks: HFD control (HFD), HFD treated with rosiglitazone (HFD+RGZ), HFD 

treated with CLA (HFD+CLA) and HFD treated with rosiglitazone and CLA 

(HFD+RGZ+CLA). CLA was dissolved in 5% w/w fat free milk and administered at 0.2 g 

per animal per day by oral gavage. The dose of CLA is based on the human consumption 

equivalent, which amounts to 1 – 2% of dietary weight per day. On average, a rat consumes 

20 grams of food per day. With this assumption, we calculate that each rat should be given 

0.2 grams of CLA per day. The control rats received only 5% w/w fat free milk. 

Rosiglitazone was administered daily by intraperitoneal injection at 2 mg/kg body weight and 

control rats received only saline injection. The dose of rosiglitazone is based on the 

previously published study (Zhao et al. 2012).  

Body weight, feed intake and blood glucose (Accu-Check blood glucose monitor) were 

recorded weekly, except terminal blood glucose. A week before the sacrifice, rats were fasted 

overnight and undergone oral glucose tolerance test (OGTT) as previously described (Noto et 

al. 2006). At the end of the study, all rats were fasted overnight, asphyxiated with CO2 and 

their blood and organs were collected. The blood samples were centrifuged at 2000 rpm for 

10 minutes and the serum separated were stored at -80°C until further analyses. The thoracic 

aortas were isolated for vascular contractility studies.  
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Serum biochemical analysis 

Terminal fasting blood samples were analysed for glucose (Cayman, 10009582, USA), total 

cholesterol (Cayman, 10007640, USA), total triglycerides (Zen-Bio, STG-1-NC, USA), high 

density lipoprotein (HDL) & LDL/vLDL (BioVision, K613-100, USA) and insulin levels 

(Alpco Diagnostics, 80-INSRT-E01, USA) according to manufacturer’s instructions. The 

colorimetric and fluorimetric end points were measured in Varioskan Flash Multimode 

Reader (Thermo Scientific, USA). 

In vitro organ bath experiments 

This procedure was performed as previously described (Loong et al. 2015). Briefly, thoracic 

aortae were immediately excised and transferred into cold Krebs-Ringer bicarbonate solution 

upon sacrifice. In an aerated tissue bath, the aortic rings (4 mm) were left in the bath for 30-

min to equilibrate before the application of 2g weight tension. Endothelium denuded rings 

were prepared by gently rubbing the intimal surface using the blunt tip of stainless steel 

forceps. Successful denudation was confirmed if the tissue produced less than 30% relaxation 

in the presence of 1x10-6M carbachol in the pre-constricted rings. All aortic rings were pre-

contracted to at least 70% of maximal contraction with 0.1 µM phenylephrine before the 

addition of isoprenaline (1x10-4 to 30 µM). Maximal relaxation (Rmax) and pEC50 values 

were calculated using Prism version 6.0 (GraphPad Software, USA) in which EC50 is the 

concentration of isoprenaline that produces 50% of maximal relaxation and pEC50 is taken as 

the negative common logarithm of EC50. 

Calculations 

Weekly energy intake was calculated with the following formula: 
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𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑖𝑖𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝐸𝐸 (𝐾𝐾𝐾𝐾 𝐸𝐸−1)

=
𝑀𝑀𝐸𝐸𝑖𝑖𝑖𝑖𝑀𝑀𝑀𝑀𝑀𝑀𝑖𝑖𝑀𝑀𝑖𝑖𝑀𝑀𝑀𝑀𝐸𝐸 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑝𝑝𝐸𝐸𝐸𝐸 𝐸𝐸𝐸𝐸𝑖𝑖𝑔𝑔 𝑀𝑀𝑜𝑜 𝑜𝑜𝑀𝑀𝑀𝑀𝑓𝑓 (𝐾𝐾𝐾𝐾 𝐸𝐸−1) × 𝐴𝐴𝐴𝐴𝐸𝐸𝐸𝐸𝑖𝑖𝐸𝐸𝐸𝐸 𝑜𝑜𝑀𝑀𝑀𝑀𝑓𝑓  𝑐𝑐𝑀𝑀𝐸𝐸𝑀𝑀𝑐𝑐𝑔𝑔𝐸𝐸𝑓𝑓 𝑝𝑝𝐸𝐸𝐸𝐸 𝐸𝐸𝑖𝑖𝑖𝑖 (𝐸𝐸)

𝐴𝐴𝐴𝐴𝐸𝐸𝐸𝐸𝑖𝑖𝐸𝐸𝐸𝐸 𝑀𝑀𝑀𝑀𝑓𝑓𝐸𝐸 𝑤𝑤𝐸𝐸𝑖𝑖𝐸𝐸ℎ𝑖𝑖 𝑝𝑝𝐸𝐸𝐸𝐸 𝐸𝐸𝑖𝑖𝑖𝑖 (𝐸𝐸)
 

Homeostatic model assessment-insulin resistance (HOMA-IR) was calculated by taking the 

product of blood glucose in mg/dL and serum insulin in mU/L, divided by 405, as described 

previously (Mohankumar et al. 2012). 

Lipoprotein ratios were obtained by using serum total, LDL and HDL cholesterol readings in 

mmol/L. Non-HDL cholesterol was calculated by subtracting HDL-cholesterol from total 

cholesterol. (Martirosyan et al. 2007) Ratios of LDL:HDL, total cholesterol (TC):HDL and 

non-HDL:HDL were obtained. 

Statistics 

Results are shown as means ± standard error of the mean for the number of rats tested. 

Statistical analyses were performed using unpaired Student’s t test to compare two groups 

and one-way ANOVA with Tukey’s post-hoc tests to compare three or more groups. 

Repeated measure one-way ANOVA was performed for concentration-responses and time 

responses. Analyses were done on SPSS version 22 (IBM, USA) and graphics prepared using 

Prism version 6.0 (GraphPad Software, USA). A probability of less than 0.05 (P<0.05) was 

considered to be statistically significant. Diet specific differences were compared with ND 

and treatment specific differences were compared with HFD. 
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RESULTS 

Physical characteristics and Energy intake 

First, we analyzed the effect of diet and treatment on body weight, organ weight and food 

intake. From week 4 onwards, all groups fed high fat diet (HFD, HFD+RGZ, HFD+CLA, 

HFD+RGZ+CLA) were ~20% heavier than normal diet (ND) (Figure 1A). Organ weights 

were similar in all groups except fat pads including epididymal, perirenal and mesenteric fats, 

the weight of groups fed high fat diet were 1.3 to 2.7 folds higher than normal diet (Table I). 

However, no treatment specific difference was observed (p > 0.05). Energy intakes, in 

kilojoules measured weekly, were similar across all groups (Figure 1B). 

Blood glucose and insulin 

Since hyperglycemia and insulin resistance are major hallmarks of T2DM and metabolic 

syndrome (Kaur 2014), we measured the fasting blood glucose and insulin levels to 

determine the effect of the diet and/or treatment of glycaemia.  

The fasting blood glucose levels were found to be similar across all groups (Figure 2A). All 

rats were found to have similar glucose clearance with respect to OGTT (Figure 2B). In 

addition, whilst rats belonging to HFD+RGZ, HFD+CLA and HFD+CLA+RGZ groups 

geared towards improved insulin sensitivity as shown by homeostatic model assessment of 

insulin resistance (HOMA-IR) index (Figure 2C), they were not statistically different from 

ND or HFD control groups. 

Serum lipoprotein levels and ratios 

Atherogenic dyslipidemia is one of the critical metabolic characteristic of T2DM (Mooradian, 

2009), hence various serum lipid markers of dyslipidemia were measured. As depicted in 

Figure 3A and 3D, neither diet nor treatments have altered the serum TC and triglyceride 
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levels. The serum LDL level was 46% reduced in HFD+CLA+RGZ group in comparison to 

HFD alone (p < 0.05, Figure 3B). Conversely, animals from HFD, HFD+RGZ and 

HFD+CLA have shown 1.3 folds elevated levels of HDL compared to ND (p < 0.05), 

whereas HFD+RGZ+CLA have 25% suppressed serum HDL than HFD group and the level 

was similar to the level measured in ND group (Figure 3C). A plethora of published studies 

reported that cholesterol ratios, especially LDL:HDL, TC:HDL and non-HDL:HDL ratios 

have been recognized as the critical markers of atherogenicity and are widely used to assess 

cardiovascular risk (van Deventer et al. 2011, Hermans et al. 2007, Lu et al. 2003). As shown 

in Figure 4A & 4B, the TC:HDL and non-HDL:HDL ratios in the animals received HFD or 

HFD+RGZ+CLA was 2-folds higher than ND (p < 0.05), whereas no significant changes 

observed for HFD+RGZ and HFD+CLA. Although the LDL:HDL ratio was lower in 

treatment groups (Figure 4C), they were not significantly different compared to ND and HFD, 

respectively (p > 0.05). 

Isoprenaline-induced vasorelaxation 

A set of preliminary experiments were conducted to optimize the experimental conditions for 

isoprenaline-induced relaxation (data not shown). Of note, the degree of initial contraction 

induced by 0.1 µM phenylephrine for both control and treatment groups either without or 

with endothelium were not statistically significant (P>0.05; data not shown). A representative 

trace of isoprenaline-induced relaxation in aortic rings excised from SD rats fed normal 

rodent chow diet is shown in Figure 5A.  

The effect of diet and treatment on isoprenaline-induced vascular relaxation in isolated aortic 

rings excised from the rats was examined. The endothelial layer was removed on some of the 

aortic rings to check if the endothelium has been affected by the various treatments. All 

isolated aortic rings exhibited concentration-dependent vasodilatation in response to 
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isoprenaline as the vasodilator. Repeated measures analysis indicated that the isoprenaline-

induced vasorelaxation was significantly different between ND, HFD and HFD+RGZ+CLA 

regardless of endothelial presence (Figure 5B & 5C).  

Among endothelium intact rings (Figure 5B), all rings fed HFD, regardless of treatments 

were more responsive than ND. HFD+RGZ+CLA was the most responsive to isoprenaline. 

This was followed by HFD. The responsiveness of HFD+RGZ is intermediate of HFD and 

HFD+RGZ+CLA, while HFD+CLA is intermediate of HFD and ND. All groups exhibited 

similar pEC50 and Rmax (Table II and Figure 5B). However, the trend was reversed in 

endothelium denuded rings (Table II and Figure 5C). Removal of endothelium worsened the 

isoprenaline-induced vasorelaxation in all HFD and treatment groups. Of note, the relaxation 

was severely affected in aortic rings obtained from HFD+RGZ+CLA treated animals 

(pEC50=6 ±0.2, Rmax=53.6±4.7%) compared to ND (pEC50=7±0.2, Rmax=113±22%). 

Likewise, aortic rings from both HFD and HFD+CLA had diminished response to 

isoprenaline compared to ND (pEC50=6.6±0.1, Rmax=93±24.2% and pEC50=6.4±0.4, 

Rmax=77.70±22.8% respectively).  Notably, the efficacy and potency of isoprenaline was 

significantly reduced in endothelium denuded aortic rings in comparison to endothelium 

intact aortic rings of HFD+RGZ+CLA treated rats (Endothelium intact: pEC50=7±0.2, 

Rmax=100±9.9% vs. endothelium denuded: pEC50=6±0.2, Rmax=53±4.7%) (Figure 5B & 5C), 

indicating the critical role of endothelium in protecting the PPAR agonists-mediated 

atherogenic risks. 
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DISCUSSION 

Our key findings of this study were that the co-administration of CLA and rosiglitazone to 

SD rats fed HFD (60% energy from fat) had elevated TC: HDL and non HDL: HDL ratio, 

suppressed LDL and HDL level, and a marked decrease in endothelium-independent aortic 

relaxation, suggesting that CLA and rosiglitazone precede the atherogenic state and impaired 

endothelium-independent vasodilatation despite the onset of HFD-induced insulin resistance.  

There have been previous efforts to examine feeding rosiglitazone and CLA alone in rodent 

models fed with HFD. Dietary supplementation with CLA for seven weeks, regardless of 

isomer composition, led to an improvement in glucose tolerance, insulin resistance and serum 

triglycerides (Choi et al. 2004). Likewise, treatment with rosiglitazone improved insulin 

sensitivity with a side effect of increasing serum LDL (Zhao et al. 2012). It is noteworthy that 

in this study SD rats were treated for four weeks to induce acute, instead of chronic effects as 

showed previously (Lessard et al. 2007, Murthy et al. 2005, Umrani et al. 2002). The onset of 

insulin resistance in animals can be influenced by a number of factors such as feeding period, 

type of fat in the diet and genotype of animals. We observed neither change in glucose 

tolerance nor obvious insulin resistance following 12 weeks of HFD. We reason that the rats 

used in our study possibly mimic the obesity resistant phenotype, since we did not observe 

significant impairments in glucose tolerance following HFD supplementation for 12 weeks, 

whilst rats gained marginal rise in body and fat pad weights compared to their normal diet 

counterparts (Dake and Oltman, 2015). Alternatively, as observed in earlier studies 

(Pranprawit et al. 2013, Stark et al. 2000, Xu et al. 2010), the period of less than 12 weeks is 

too short to induce metabolic changes in obesity resistant rats. In contrast, Huang and 

colleagues (Huang et al. 2004) reported reduction in glucose tolerance after 8 weeks of high 
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fat diet feeding. It is apparent that no standardization of diet induced obesity exists in 

literature despite using the common strain of SD rats. The studies that report the body weight 

reduction in SD rats with dietary supplementation of CLA, the animals have been fed with 

CLA from the beginning of the study together with HFD and report that CLA elicits isomer-

specific effects (Choi et al. 2004). Conversely, in another study dietary supplementation of 

CLA mixture for 6 weeks in rats showed no change in body weight (Moya-Camarena et al. 

1999). Thus, our observation that the absence of weight reduction following oral 

administration of CLA mixture (0.2gms/day) for 4 weeks in SD rats pre fed with HFD for 8 

weeks could be explained by the duration of CLA supplementation and isomer composition 

of CLA mixture.  

Dyslipidemia is linked to vascular dysfunction in T2DM (Dixon et al. 1999). Generally, 

increased circulating concentration of HDL is associated with lowered risk of cardiovascular 

disease. HDL are lipoprotein particles that mediate reverse cholesterol transport (RCT) with 

apolipoprotein A as the major protein component. Beyond its role in RCT, HDL binds to 

scavenger receptor (SR)-B1 and SR-B2 and directly exerts vasoprotective effects on the 

endothelium (Calabresi, 2003). Of note, as demonstrated previously by Tony Hayek et al., 

(Hayek et al. 1993) the increase in HDL is typical in rodents fed HFD. Thus, the HDL rise in 

our study is possibly an adaptive response to maintain vascular tone to compensate the 

increased atherogenicity brought by HFD.  

CLA are known to be weak PPARα agonists (Moya-Camarena et al. 1999). While studies of 

rosiglitazone and CLA are difficult to come by, our observation of HDL reduction in 

HFD+CLA+RGZ treated rats is in agreement with the previous observations in case reports 

(Im et al. 2010, Normen et al. 2004, Schwing et al. 2010) and a clinical trial (Linz et al. 2014) 

in which rosiglitazone and fenofibrate, a commonly prescribed PPARα agonist, were 

simultaneously administered to human patients. Whilst the biological actions of CLA on 
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HDL and insulin sensitivity were complicated by isomer and composition dependence, our 

observation that a 1:1 mixture of c9,t11 and t10,c12-CLA increases HDL level is similar to a 

recent published study conducted in Wistar rats fed HFD (de Almeida et al. 2015). We have 

noted that HFD+RGZ+CLA brought about suppression of LDL and HDL without significant 

reduction in LDL:HDL ratio. Since fractions outside LDL and HDL are also involved in 

atherogenesis, we make use of the non-HDL:HDL ratio, also known as the atherogenic 

coefficient, that has been proposed to be better predictors of cardiovascular risks (Hermans et 

al. 2007, Kim et al. 2013). Another ratio, TC:HDL, is linked to non-HDL:HDL by a linear 

relationship. Both ratios were increased in HFD+RGZ+CLA group despite having similar 

HDL level with ND suggesting increased atherogenicity, that is corroborated with the 

decreased ability of aortic rings to respond to isoprenaline-mediated vasodilatation in 

HFD+RGZ+CLA treatment group.  

It is well established that the changes in vascular function when fed an atherogenic diet 

precede the onset of insulin resistance and cardiovascular diseases. In agreement with these 

studies (Garcia-Prieto et al. 2015, Stark et al. 2000), we observed diminished endothelium-

independent vasodilatation without significant changes in glycaemia. The vascular 

endothelium forms the inner lining of blood vessels and plays important role in maintaining 

vessel physiology (Deanfield et al. 2007, Hadi et al. 2005). Under physiological conditions, 

blood vessels are kept quiescent and dilated by endothelial secretion such as nitric oxide 

(NO). However, endothelial denudation due to apoptotic loss of endothelium is known to 

occur under the diabetic and insulin resistant state (Avogaro et al. 2011, Sena et al. 2013) 

The increased responsiveness in HFD-fed endothelium intact rings may be an acute adaptive 

response to high circulating lipoproteins. Similar observations were recorded in obese 

spontaneously hypertensive rats (Kagota et al. 2004).  
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Isoprenaline-induced vascular relaxation is dependent on β- adrenergic receptors present on 

both endothelium and vascular smooth muscle (VSM) (Akimoto et al. 2002). Endothelium 

independent relaxation of VSM is mediated by NO produced in situ (Bernhardt et al. 1991). 

Our observation of vascular impairment in rosiglitazone fed endothelium denuded rings 

agrees with a previous finding, which stemmed from the improvement in endothelial 

production of NO but impaired response of VSM in rats (Onuta et al. 2008). The decreased 

responsiveness of endothelium denuded rings can be explained by rosiglitazone, via PPARγ, 

induced upregulation of CD36 in the VSM (Ballesteros et al. 2013, Kleinhenz et al. 2015), as 

CD36 is responsive to LDL and lead to inhibition of cGMP synthesis in the VSM (Isenberg et 

al. 2009). Conversely, it has been reported that t10,c12-CLA increases NO formation in 

human endothelium (DeClercq  et al. 2012), nonetheless our observations warrant further 

studies to elucidate the precise mechanisms by which CLA modulate endothelium-

independent relaxation. 

The ability of aorta to constrict in obesity has been shown to be impaired due to many factors, 

including overnutrition of dietary fats (Stapleton et al. 2008). It has been previously reported 

that under certain environmental stressors, including HFD, the VSM cells tends to lose its 

contractile ability due to the remodeling of VSM into synthetic phenotype (Beamish et al. 

2010). Stephanie et al. have demonstrated the impairments in phenylephrine-mediated 

contraction in aorta excised from SD rats fed HFD for 17 weeks (Stephanie et al. 2012).  

Conversely, we observed no differences with phenylephrine-induced contraction in both 

control and HFD diet groups. Whilst we reason that the differences could be due to the 

duration of HFD feeding, proportion of HFD and age of rats, the impairment in contractile 

ability of VSM in rodents fed HFD was shown prominent in small mesenteric arteries than 

the thoracic aorta (Soares et al. 2017).  
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In summary, while glucose tolerance and HOMA-IR may be unchanged, simultaneous 

administration of CLA and rosiglitazone led to increase in atherogenic coefficient. The 

increase in atherogenicity is coupled with vascular resistance in the context of endothelial 

loss. This observation hints the complex interplay between nutrient-drug interactions and 

warrants further investigation on their molecular mechanisms. Whilst it is believed that the 

use of normal rodent phenotype is limited in studying lipoprotein metabolism due to higher 

level of circulating HDL compared to humans, our observations, the linkage of cholesterol 

ratios and vascular resistance in SD rats fed HFD provides a reasonable basis for revisiting 

the lipoprotein dynamics in rodents. 
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Table I: Effects of diet and treatment on organ weights 

 ND HFD HFD+RGZ HFD+CLA 
HFD+RGZ+CL

A 

Heart (g) 1.28 ± 0.07 1.47 ± 0.05 1.52 ± 0.10 1.51 ± 0.04 1.43 ± 0.04 

Liver (g) 10.67 ± 0.06 10.33 ± 0.46 11.00 ± 0.11 11.19 ± 0.35 10.00 ± 0.66 

Fat pads      

    Epididymal fat (g) 4.24 ± 0.45 8.15 ± 0.96* 7.90 ± 0.14* 9.06 ± 0.99* 7.50 ± 0.97* 

    Perirenal fat (g) 3.8 ± 0.46 8.64 ± 1.4* 9.81 ± 1.16* 10.54 ± 0.89* 8.87 ± 1.20* 

    Mesenteric fat (g) 2.14 ± 0.26 3.39 ± 0.45* 3.78 ± 0.32* 3.60 ± 0.23* 2.92 ± 0.48* 

Pancreas 1.03 ± 0.14 1.45 ± 0.18 1.30 ± 0.18 1.61 ± 0.15 1.50 ± 0.18 

Kidneys      

    Right kidney (g) 1.46 ± 0.11 1.54 ± 0.08 1.62 ± 0.13 1.69 ± 0.08 1.60 ± 0.06 

    Left kidney (g) 1.44 ± 0.11 1.50 ± 0.08 1.56 ± 0.14 1.67 ± 0.04 1.57 ± 0.08 

Gastrocnemius 

muscle (g) 

2.23 ± 0.36 2.33 ± 0.18 3.00 ± 0.50 2.21 ± 0.10 2.16 ± 0.16 

Soleus muscle (g) 0.16 ± 0.01 0.20 ± 0.02 0.19 ± 0.01 0.20 ± 0.07 0.20 ± 0.02 

 

Data were presented as mean ± SEM, n=6 for each group. *p < 0.05 compared to ND.   
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Table II: pEC50 and maximal relaxation (Rmax) of aortic rings isolated from rats. 

 ND HFD HFD+RGZ HFD+CLA 
HFD+RGZ+CL

A 

pEC50 E+ 7.414±0.236 7.271±0.239 7.979±0.453 7.128±0.2414 7.453±0.2088 

pEC50 E- 7.105±0.176 6.600±0.127 6.583±0.375* 6.398±0.3754 6.133±0.231* 

Rmax E+ (% PE 

induced tone) 

89.75±6.95 102.50±13.18 91.00±12.02 85.93±6.16 100.2±9.92 

Rmax E- (% PE 

induced tone) 

113.4±22.45 93.19±24.15 90.60±29.71 77.70±22.81 53.58±4.68* 

 

 Data were presented as mean ± SEM. * p < 0.05 compared to E+. 
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FIGURE LEGENDS 

 

Figure 1. Effect of diet and treatments on body weight and energy intake. (A) Body weight 

of Sprague-Dawley rats throughout the study. (B) Average energy intake of Sprague-Dawley 

rats throughout the study. Data is presented as mean ± SEM, n=6 in all groups. # p < 0.05 

compared to ND.  
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Figure 2.  Effect of diet and treatment on glycaemia (A) Measurement of blood glucose level. 

Blood glucose on week 5 and week 8 measured using tail prick method; terminal blood 

glucose on week 13 measured using glucose assay kit. Data is presented as mean ± SEM, n=6 

in all groups. (B) Oral glucose tolerance test (OGTT). A day before the 12 week, rats were 

fasted overnight before undergoing oral glucose tolerance test. (C) HOMA-IR of rats at 

termination. Data were presented as mean ± SEM, n=6 in all groups.  
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Figure 3. Effect of diet and treatments on lipid profiles. (A) Total cholesterol. (B) LDL-

cholesterol. (C) HDL-cholesterol. (D) Triglycerides.  Data were presented as mean ± SEM, 

n=6 in all groups. * p < 0.05 compared to ND. # p < 0.05 compared to HFD.  
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Figure 4. Effect of diet and treatments on lipoprotein ratios. (A) TC:HDL ratio. (B) non-

HDL:HDL ratio. (C) LDL:HDL ratio.  Data were presented as mean ± SEM, n=6 for each 

group. * p < 0.05 compared to ND . 
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Figure 5.  Effect of diet and treatments on isoprenaline-induced aortic ring relaxation. (A) 

Representative trace of isoprenaline-induced aortic ring relaxation of normal SD rats.  (B) 
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Relaxation of endothelium-intact aortic rings. (C) Relaxation of endothelium-denuded aortic 

rings.   Data were presented as mean ± SEM, n=4-6 for endothelium intact and n=3 for 

endothelium denuded. For B and C, statistical significance is indicated by letters next to the 

legends, groups having the same letter(s) are not significant from each other.  


