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Aleglitazar is a novel promising drug related to peroxisome proliferaor-activated receptor (PPARα&γ) 
agonists that shows antidiabetic and anti-inflammatory characteristics. A study was conducted in order to 
determine whether aleglitazar has a protective effect against hypercholesterolemia induced in 
experimental animals. Thirty male mature albino rats weighing 155±5 g (M±SD) was used in this study 
and distributed into three groups. Two months were given a basal diet to the rats in the first group to 
serve as a negative control (the experimental period). The second group was fed a basal diet for 45 days 
and then fed a hyper cholesterolemic diet containing 1.5% cholesterol for 15 days as a positive control 
group. The third group was fed a basal diet for 45 days and then fed a hypercholesterolemic diet for 15 
days with intraperitoneal injections of aleglitazar at a dose equal to 20 mg/kg body weight/day. The 
obtained results indicated that aleglitazar had a protective effect in hyper cholesterolemic rats. According 
to the results, aleglitazar at a dose of 150 µg/kg body weight/day reduced the serum levels of total 
cholesterol, triglycerides, and total lipids as a protective agent in hypercholesterolemic rats. Aleglitazar is 
a new promising drug that is used as an anti-hyperlipidemia drug to lower triglycerides (TG) and raise 
high-density lipoprotein cholesterol (HDL) in plasma. 
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INTRODUCTION 

Obesity is frequently associated with insulin 
resistance and is highly responsible for the 
development of type 2 diabetes (T2D) (Massaro et 
al. 2016). T2D is a metabolic disease that causes 
sugar to increase in blood circulation as a result of 
insulin resistance. There are multiple risk factors 
associated with T2D, and the primary risk factor 
for T2D is inflammation (Yue et al. 2016). 
Diclofenac is a proven, commonly used 
nonsteroidal anti-inflammatory and anti-pyritic 
drug. Diclofenac exerts its activity by inhibiting 
cyclooxygenase-1 (COX1) and cyclooxygenase-2 
(COX2), leading to the inhibition of prostaglandin 
synthases (Gan, 2010). 

Aleglitazar is a nuclear receptor superfamily 
involved in the transcriptional control of genes that 
contribute to lipid and carbohydrate metabolism 
and inflammation, especially in the case of 
obesity, atherosclerosis hypercholesterolemia, 
insulin resistance and hypercholesterolemia 
(Massaro et al. 2016). Aleglitazar is a single novel 
molecule that contains both active synthetic 
peroxisome proliferator activated receptors 
(PPARs α&γ) and has potent and dual agonist 
action on PPARs α&γ. PPARs are divided into 3 
subtypes: PPARα, PPARγ, and PPARδ (Massaro 
et al. 2016). 

PPARα is found at high concentrations in the 
liver, kidney and skeletal muscle, and PPARγ is 
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found at high concentrations in adipocytes, 
muscle cells, the liver and the kidney (Ruilope et 
al. 2014). Synthetic agonists of PPARα, e.g., 
fibrate, are used for lowering triglycerides (TG) 
and raising high-density lipoprotein cholesterol 
(HDL) in plasma, while synthetic PPARγ agonists, 
e.g., thiazolidinedione and pioglitazone, are used 
as antidiabetics (Massaro et al. 2016). 

Obesity is a pathological condition resulting 
from an accumulation of excess adipose tissue in 
a different site of the body, including the liver and 
skeletal muscle. It is considered a neurochemical 
imbalance that is measured by the body mass 
index (BMI), which is the ratio of weight to height. 
The ordinary range of BMI is 18.5-24.9 kg/m2, the 
weighty range is 25-29.9 kg/m2, the obesity BMI is 
30 kg/m2 or more (Camargo and Launer, 2016). 

Weight gain and increased adipocytes result 
in hypertrophy and loss of adipocyte function 
(Tsatsoulis et al. 2013). Free fatty acids (FFAs) in 
this condition are released into the blood 
circulation, along with proinflammatory cytokines 
for example   plasminogen activator inhibitor 
(PAI)-1, tumor necrosis factor alpha (TNF-α), and 
angiotensin (ANG), and adiponectin, which are 
specific proteins in adipocytes that play a role in 
insulin resistance and atherosclerosis (Lihn et al. 
2005). 

Increased levels of FFAs and proinflammatory 
cytokines lead to deposition in nonadipose tissues 
and decrease the systemic inflammatory grade, 
resulting in activation of the mechanism of insulin 
resistance in tissues (Tsatsoulis et al. 2013). 

Aleglitazar was prepared as an agonist for 
both PPAR α&γ. PPARα agonistic action controls 
lipid levels, thus improving dyslipidemia. In 
addition, PPARγ controls glucose levels and 
reduces insulin resistance in diabetic patients. 
Aleglitazar (150 µg/kg/day) for 16 weeks was 
selected to explore any potential association of 
this dual PPAR α/γ agonist with anti-inflammatory 
properties (Herz et al. 2011). 

Increasing the incidence of the expected dose 
will lead to an increase in serum creatinine and a 
decrease in the glomerular filtration rate, 
progressive nephropathy and bilateral edema 
(Herz et al. 2011). 

Aleglitazar used in combination with warfarin, 
which is used as an anticoagulant drug, affects 
the efficacy and safety by affecting the viscosity of 
the blood through an angiotensin-2 receptor 
blocker so that the blood vessels are dilated, that 
caused a lower in the velocity of the bloodstream 
and rise in the susceptibility to thrombosis 
(Sanwald-Ducray et al. 2014). 

In patients with normal to borderline impaired 
renal function and an impaired glomerular filtration 
rate, using aleglitazar at a supratherapeutic dose 
will increase serum creatinine and decrease the 
glomerular filtration rate, which leads to 
progressive nephropathy and bilateral edema so 
that it interacts with diuretics (Keppler et al. 2007; 
Henry et al. 2015). 
PPARα and PPARδ enhance the movement of 
lipids out of the circulation by increasing the 
uptake of free fatty acids and oxidation in tissues, 
while PPARγ stimulates lipid storage in adipose 
tissue (Qi and Pekala, 2000; Herz et al. 2013). 
Aleglitazar has the most effective improvement on 
low-density lipoprotein cholesterol (LDL), high-
density lipoprotein cholesterol, and triglycerides. 
The result of lowering the lipid profile reduces the 
risk of cardiovascular disease and particularly 
atherosclerosis (Katsuki et al. 1998; Miyazaki et 
al. 2003). 
 
MATERIALS AND METHODS 

Materials 
Thirty white male albino Sprague-Dawley 

strain rats weighing 155±5 g were bought from the 
house animal in Faculty of Medicine, Um Al-Qura 
University. Aleglitazar, cholesterol powder and 
casein, cellulose, vitamins, minerals and starch 
were obtained from Morgan Co., Cairo, Egypt. 

Experimental design 
The Biomedical Ethics Committee of Umm Al-

Qura University School of Medicine in Makkah, 
Saudi Arabia obtained ethical approval. The 
experiment was performed in the Animal House, 
Faculty of Medicine, Umm Al-Qura University. All 
animals were fed a basal diet for a week formerly 
starting the experimentation and were then 
divided into 3 main groups of 10 rats per group. 

The first group was nourished an ordinary diet 
only / 2 months (Control –ve) group. 

The rats in second group was fed a basal diet 
for 45 days and then fed a hypercholesterolemic 
diet containing 1.5% cholesterol for 15 days 
(Control +ve). 

The third group was fed a basal diet for 45 
days and then fed a hypercholesterolemic diet 
containing 1.5% cholesterol with intraperitoneal 
injections of aleglitazar (20 mg/kg body 
weight/day) for 15 days. 
 
Biological evaluation 
At the termination of the experimental dated (8 
weeks), the animals were sacrificed under 



Wardah Abdullah Alasmari                                      A Protective effect of aleglitazar in hypercholesterolemia 

 

    Bioscience Research, 2022 volume 19(1): 131-137                                                    133 

 

anesthesia by diethyl ether. 
The blood sample was obtained by the post-

orbit method in a clean, dry centrifuge tube. Let 
them coagulate by standing at 25°C for 20 
minutes, and then centrifuge at 3000 rpm for 15 
minutes. Collect the serum sample with a dry-
cleaning syringe, pour it into a Wisser man tube, 
and store it in a refrigerator at -10°C until 
biochemical analysis. The liver, spleen, heart, 
lungs and kidneys were taken out, washed with 
saline solution, dried and weighed. Calculate the 
relative weight of the above-mentioned organs 
according to the method described by Drury and 
Wallington (1967). 

During the experiment, all rats were weighed 
once a week, and the daily food intake (daily food 
intake) was recorded. At the end of the 
experiment, according to the study of Chapman et 
al. the experimental diet was evaluated 
biologically by measuring weight gain (BWG %) 
and feed efficiency ratio (FER). (1959). 

Biochemical and statistical analyses 
Serum triglycerides, total cholesterol, total 

lipids, low-density lipoprotein, high-density 
lipoprotein, very-low-density lipoprotein, glucose, 
aspartate amino transferase, alanine amino 
transferase, alkaline phosphatase, creatinine, 
urea and uric acid were determined according to 
the methods mentioned by Fossati and Prencipe 
(1982), Lee and Nieman (1996), and Schultz 
(1984). 

One-way ANOVA was done to distinguish the 
difference in progress rates and link the variables 
between the three groups. Variances in the 
proportion of rats in the three groups were 
analyzed, and p values less than 0.05 were 
considered statistically significant (Snedecor and 
Cochran, 1967; Fossati and Prencipe, 1982; 
Schultz, 1984; Lee and Nieman, 1996). Fat 
deposit analyses was analyzed using image 
analyzer Unit Olympus BX40 in Anatomy 
department, Faculty of Medicine, Um Al-Qura 
University 
 
 

RESULTS  

Result on the body weight gain (BWG %), food 
intake (FI),  and feed efficiency ratio (FER) 

The effect of aleglitazar on the food intake 
(FI), body weight gains percentage (BWG %) and 
feed efficiency ratio (FER) (Table 1). 
Table 1: Effect of oral administration of 
aleglitazar on the food intake (FI), body weight 
gain percentage (BWG %) and feed efficiency 
ratio (FER) in hypercholesterolemic rats. 
 

Groups FI (g/d) BWG (%) FER 

Control –ve 11.7±0.21 30.42±3.33 0.13±0.005 

Control +ve 28.43±1.22 14.2±1.74 0.03±0.005 

Aleglitazar 14.81±0.78 25.73±2.7 0.07±0.004 

(P≤0.05) 0.02 0.48 0.05 

Values denote means ± standard deviation of the 
means. Means are significantly different at p≤0.05 using 
one-way ANOVA. 

Animals fed a high-fat diet (C +ve group) had 
the highest value of food intake (FI) compared to 
normal rats. These results indicate that there was 
a significant rise in FI in hypercholesterolemic rats 
matched to normal rats. Rats with 
hypercholesterolemia that orally taken aleglitazar 
showed a significant decrease in FI when 
compared to the positive control group. 

Concerning body weight gain (BWG%) and 
the feed efficiency ratio (FER), the C +ve group 
showed a significant reduction in body weight 
gains and feed efficiency ratio matched to the 
negative control group. Hypercholesterolemic rats 
orally administered aleglitazar showed a 
significant rise in both body weight gains and feed 
efficiency ratio matached to the control positive 
group. 

Effect on the lipid profile 
The data presented in Table 2 show the effect 

of aleglitazar on the lipid profile. It is clear from the 
table that rats fed a hypercholesterolemic diet (C 
+ve group) showed a significant increase in total 
cholesterol, triglycerides and total lipids compared 
to the levels in normal rats. 

Table 2: Effect of oral administration of aleglitazar on the serum lipid profile in 
hypercholesterolemic rats 

Groups 
Total 

Cholesterol (mg/dl) 
Triglycerides 

(mg/dl) 
Total lipids(mg/dl) 

Control-ve 88.55 ± 1.99 120.22 ± 1.65 238.2 ± 5.3 

Control+ve 142.65 ± 2.76 151.37 ± 3.09 332.39 ± 9.54 

aleglitazar 88.89 ± 1.31 125.65 ± 2.13 276.15 ± 3.32 

(P≤0.05) 0.032 0.042 0.05 

Values denote means ± standard deviation of the means. Means are significantly different at p≤0.05 using one-
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way ANOVA. 

Rats with hypercholesterolemia and orally 
administered aleglitazar showed a significant 
decrease in all these parameters. 

Histopathological result of oral administration 
of aleglitazar 

In first group the H& E-stained sections 
revealed a normal histological architecture of the 
liver as normal cords of hepatocytes cells 
radiating from a central vein with presence of 
sinusoids in between cords, and normal portal 
area (Figure 1A and B). In second group the 
hepatocytes showed multiple fat droplets with 

ballooned cells some showed degenerated, and 
vacuolated hepatocytes (Figure 1C), with wide 
separation of sinusoids (Figure1D). In third group 
the liver sections showed hepatocytes with normal 
histological architecture (Figure1E). 

In the liver section of group, one stained with 
Sudan III showed mild fat deposition in 
hepatocytes (Figure 2A), while in group two there 
was moderate to severe fat accumulation (Figure 
2B). In third group the liver sections showed 
hepatocytes with mild fat accumulation (Figure 
2C). 

 
Figure 1: (A) A photomicrograph of liver section from Group 1 (control group) showing radially 
arranged hepatocytes (*) & blood sinusoids (arrow), and a central vein (V). Note the polyhedral 
hepatocytes with acidophilic cytoplasm. (B) liver section showing portal area with portal v(v), 
hepatic artery (a), and bile duct (b) (H&E X 200) and (H&E X 400). (C) A photomicrograph of liver 
section from Group 2 showing hepatocytes with multiple fat droplet, and macrovacuoles pushing 
the nucleus to one side to be signet ring appearance (arrow). (D) Some hepatocytes by higher 
magnification are ballooned with vesicular nuclei (*). (H&Ex400 and x650 respectively). (E) A 
photomicrograph of liver section from Group 3 showing hepatocytes with normal hepatic lobule 
(H). Note fiber deposition in between lobules (arrow). (H&E X 200) 
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Figure 2: (A) Photomicrograph of rat liver from Group 1 showing mild hepatic lipidosis and no fat 
droplets (Sudan III). [X 40]. (B) Photomicrograph of rat liver from Group 2 showing moderate to 
massive fat droplets-stained orange yellow (arrow) (Sudan III). [X 80]. (C) Photomicrograph of rat 
liver from Group 3 showing mild fat droplets-stained orange yellow (Sudan III). [X 80]. 
 
 
Data of liver sections stained with Sudan Ш of 
both control and experimental groups are 
presented in Table 3. 
 
Table 3: Effect of oral administration of 
aleglitazar on the fat deposits in liver tissue 
 

Groups Means ± SD of fat deposits 

Control –ve 102.21 ± 0.87 

Control +ve 180.42 * ± 0.91 

aleglitazar 110.98 * a ± 0.54 

(P≤0.05) 0.041 

a Experimental groups compared with the control +ve 
group. Values are expressed as mean ± standard 
deviations (±SD) compared with the control group; * 
Means are significantly different at p≤0.05 using one-
way ANOVA. 

 
DISCUSSION 

Greasy liver illness is a multifactorial medical 
issue that corresponds generally with stoutness 
and metabolic condition. It has been assessed 

that among a populace of large/diabetic people, 
roughly 5090% will have greasy change, 2030% 
will advance to steatohepatitis/fibrosis, and 25% 
will ultimately become cirrhotic. Greasy liver is a 
main source of unexplained strange liver capacity 
tests that requires histological assessment to 
uncover the conceivable clarification for such 
anomalies, which is as of now the highest quality 
level (Angulo, 2002).  

Albeit greasy changes are analyzed by 
noninvasive techniques, the separation between 
greasy liver and steatohepatitis can in any case 
just be made histologically in light of the fact that 
the relationship between's clinical, biochemical 
and histological discoveries is for the most part 
poor (Ascha et al. 2010).  

Histopathological assessment, evaluating and 
scoring plainly exhibit that adipocytes are 
assigned to go about as a free unsaturated fat 
(FFA) stockpiling unit and as on-request providers 
(Lieber et al. 2004). An upset adipocytokine profile 
during weight impacts FFA discharge from 
adipocytes and improves lipid conveyance to the 
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liver (Unger, 2002).  
Under ordinary conditions, lipids don't collect 

in liver cells but instead change into blended 
particles, like extremely low-thickness 
lipoproteins, which are then discharged into the 
circulatory system. This cycle is disturbed during 
the improvement of hypercholesterolemia, which 
is started by the collection of flowing FFAs in the 
liver that then, at that point, go into liver cells by 
basic dispersion and develop in high focuses 
(Bugianesi et al. 2005).  

Leptin acts basically to restrict the amassing 
of fat in nonadipose tissue, accordingly lessening 
lipotoxicity. At the point when FFA supply to the 
liver is expanded, leptin initiates defensive 
instruments, including dephosphorylation of 
insulin receptor substrate 1, to forestall hepatic fat 
gathering (Tsochatzis et al. 2009).  

On the whole, fat tissue might be the normal 
beginning of expanded Kupffer cells, which can 
deliver enormous amounts of TNF-and IL-6 
straightforwardly in touch with liver cells, 
impacting hepatic irritation and fibrogenesis 
(Zhang et al. 2000; Shoelson et al. 2006; Lalor et 
al. 2007). As per the consequences of our review, 
aleglitazar has a defensive impact against 
hypercholesterolemia in rodents by bringing down 
fatty substances (TG) and raising high-thickness 
lipoprotein cholesterol (HDL) in plasma, and our 
outcomes authenticate those of Massaro et al. 
(2016) and ElSawy (2019). 
 
CONCLUSION 
In summary, this study demonstrates the 
Aleglitazar is a new promising drug that is used as 
an anti-hyperlipidemia drug to lower triglycerides 
(TG) and raise high-density lipoprotein cholesterol 
(HDL) in plasma. 
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