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Diabetic dyslipidemia is a condition in which a person is 
diabetic and has elevated levels of the total cholesterol, 
low-density lipoprotein cholesterol (LDL-C) and the 
triglycerides and decrease in high-density lipoprotein 
cholesterol (HDL-C) concentration in the blood [1]. In 
2013, 382 million people have diabetes worldwide, and it 
is projected to be 592 million by 2035 [2]. In any given 
country across the world, India has been known to have 
the largest number of diabetic people [3]. Estimates put 
forth by the WHO reveals that about 32 million people in 
India were presenting with diabetes in the year 2000, 
which has been projected to rise to 80 million by 2030 
[4]. World over, it is estimated that 30% of all deaths 
occur due to cardiovascular diseases (CVD). In India, 
one out of every five persons is at serious risk of 
developing CVD. Research has shown that diabetes is 
one of the major risk factors for CVD. India has a 
Population of nearly 65 million diabetics and 77 million  

 
  
pre-diabetics. 85 – 97 per cent of the diabetes patients  
suffer from dyslipidemia or lipid abnormalities [5]. 
Hence, addressing the problem of diabetes and 
dyslipidemia is crucial in tackling the health risk posed 
by CVD. The lipid changes associated with diabetes 
mellitus are attributed to increased free fatty acid flux 
secondary to insulin resistance (Figure 1). Optimal levels 
of LDL-C for adults with diabetes are <100 mg/dL, 
triglycerides are <150 mg/dL and HDL-C ≥40 mg/dL [6]. 
Although advances made in the prevention and 
management of cardiovascular disease, people with 
diabetes mellitus continue to have alarmingly high 
morbidity and mortality secondary to cardiovascular 
disease [7]. Epidemiologic studies make evident that 
diabetes mellitus is an independent risk factor for cardio-
vascular disease and that it amplifies the effects of other 
common risk factors, such as smoking, hypertension and 
hypercholesterolemia [8,9]. The Framingham Heart 
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Abstract  

Saroglitazar (LipaglynTM) is the first indigenously developed new chemical entity by any 

Indian pharmaceutical company, ever. In February 2013, Drug Controller General of India has 

been approved Lipaglyn for treating diabetic dyslipidemia or hypertriglyceridemia in type 2 

diabetes, not controlled by statins alone. The recommended dose of Lipaglyn is one tablet of 4 

mg once a day. Saroglitazar is a dual (α/γ) peroxisome proliferator-activated receptors (PPAR) 

activator in the glitazar class, predominantly PPAR- α agonist with moderate PPAR-γ 

agonistic activity, thereby improving hyperglycemia and lipid abnormalities (i.e., reducing 

triglycerides and increasing high density lipoprotein cholesterol HDL-C) simultaneously. By 

conducting extensive phase I, II and III studies, pharmacokinetics, pharmacodynamics, 

tolerability, safety and efficacy of Saroglitazar were well studied by comparing with 

pioglitazone and placebo. Saroglitazar was found to be significantly decreased plasma 

triglycerides level and fasting plasma glucose level and also increased high density lipoprotein 

cholesterol level compared with placebo. 
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Study found that both men and women with diabetes had 
an increased prevalence of hypertrigyceridemia and low 
HDL-C levels, but their total cholesterol and LDL-C 
levels did not differ from those in non-diabetic 
counterparts [10]. UK Prospective Diabetes Study gives 
similar results like total cholesterol levels of those with 
diabetes mellitus and control individuals did not differ, 
but women with diabetes had markedly higher LDL-C 
levels than non diabetic women. The plasma triglyceride 
levels of patients with diabetes were substantially 
increased, whereas HDL-C levels were markedly reduced 
in both men and women with diabetes compared with the 
non diabetics [11]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Saroglitazar 
Saroglitazar (LipaglynTM; Zydus Cadila, Ahmedabad, 
India) is a first-in class ‘glitazars’ discovered 
indigenously by an Indian Pharma Company ‘Zydus 
Research Centre’ and approved for launch in India by the 
Drug Controller General of India (DCGI) on 25th 
February, 2013 to be the world’s first drug targeted at 
healthcare need for treating diabetic dyslipidemia or 
hypertriglyceridemia in type 2 diabetes, not controlled by 
statins alone. The recommended dose of Lipaglyn is one 
tablet of 4 mg once a day [12]. The chemical name for 
saroglitazar is Benzenepropanoic acid, α-ethoxy-4-[2-[2-
methyl-5-[4-(methylthio)phenyl]-1H-pyrrol-1-
yl]ethoxy]-, magnesium salt (2:1), (αS). Structural 
formula of saroglitazar depicted in Figure 2.  
 
 
 
 
 
 
 
 
 
 
 
 

Mechanism of Action 
Glitazars are a new class of oral antidiabetic agents that 
activate nuclear receptors known as peroxisome 
proliferator–activated receptors (PPARs). Three PPAR 
subtypes have been characterized: PPAR-α, -γ, and -β/δ. 
Upon ligand binding, each receptor subtype mediates 
distinct physiological effects on glucose homeostasis and 
lipid metabolism (Figure 3). Activation of PPAR-γ 
reduces insulin resistance and improves glycemic 
control, whereas activation of PPAR-α reduces 
triglyceride levels and increases concentrations of HDL-
C [13,14]. Saroglitazar is a dual (α/γ) PPAR activator in 
the glitazar class, predominantly PPAR-α agonist with 
moderate PPAR-γ agonistic activity, thereby improving 
hyperglycemia and lipid abnormalities (i.e., reducing 
triglycerides and increasing HDL-C) simultaneously. 
This drug targets the PPAR-α and -γ receptors, which are 
currently agonized separately in the thiazolidinediones 
for treatment of type 2 diabetes (pioglitazone and 
rosiglitazone), and the fibrates for treatment of 
dyslipidemia (fenofibrate and gemfibrozil) [15]. This 
approach of agonising both the sub types of a nuclear 
receptor PPAR was also anticipated to help reduce the 
pill burden and improve medication adherence in type 2 
diabetic patients.  
Pharmacokinetics 
Saroglitazar was found to be safe and well tolerated in 
preclinical and clinical (Phase I/II) studies. In the single-
dose pharmacokinetic study, saroglitazar was rapidly and 
well absorbed across all doses (0.125, 0.25, 0.5, 1, 2, 4, 
8, 16, 32, 64 and 128 mg), with a median time to the 
peak plasma concentration (t max) of less than 1 hour 
(range 0.63–1 hour) under fasting conditions. The 
maximum plasma concentration ranged from 3.98 to 
7,461 ng/mL across the dose range. The area under the 
plasma concentration–time curve increased in a dose-
related manner. The average terminal half-life of 
saroglitazar was 5.6 hours. Saroglitazar was not 
eliminated via the renal route. Single oral doses of 
saroglitazar up to 128 mg were well tolerated [16]. 
Safety and Efficacy 
A 24-week multicentric, randomized double blind study 
was conducted to evaluate safety and efficacy of 
saroglitazar 2 mg and 4 mg compared to pioglitazone 45 
mg in diabetic dyslipidemia. The primary end point of 
the study was to assess the percent change in triglyceride 
levels after a 24 week treatment as compared to baseline. 
There was 45% decrease in serum triglycerides with 
saroglitazar 4 mg, which was statistically significant 
compared to baseline and also compared to pioglitazone 
45 mg (15.5%). Saroglitazar reduced very LDL-C, LDL-
C and total cholesterol significantly compared to 
pioglitazone and/or baseline. Apolipoprotein B, the 
marker of atherogenic dyslipidemia, was significantly 
reduced compared to baseline in the saroglitazar 4 mg 
arm, but not with pioglitazone 45 mg. The increase in 
HDL-C levels was observed in all treatment groups. Both 

 

       
Fig 2: Saroglitazar structural formula 

Fig 1: Mechanism of dyslipidemia due to insulin 
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the glycemic parameters, fasting plasma glucose (FPG) 
and glycosylated hemoglobin (HbA1c), were 
significantly reduced at week 24 as compared to baseline 
in the saroglitazar and pioglitazone arms. Saroglitazar 2 
mg and 4 mg doses were well tolerated throughout the 
study. Less number of patients reported adverse events in 
the saroglitazar 2 mg and 4 mg arms as compared to the 
pioglitazone 45 mg arm. The most frequently reported 
adverse events were asthenia, gastritis, chest discomfort, 
peripheral edema, dizziness and tremors. Most of the 
adverse events were considered unrelated to treatment 
and were of mild intensity [15]. 
A 16-week prospective, multicenter, randomized, double-
blind, placebo controlled, three-arm Phase III study was 
conducted to evaluate the safety and efficacy of 
saroglitazar compared with placebo in patients with type 
2 diabetes having hypertriglyceridemia (>200 and <500 
mg/dL) not controlled with atorvastatin 10 mg therapy. A 
total of 302 subjects were randomized to receive 12 week 
treatment with saroglitazar 2 mg (n = 101) or saroglitazar 
4 mg (n = 99), or matching placebo (n = 102), after 4-
week run-in period. At week 12, saroglitazar 2 mg and 4 
mg was found to be significantly reduced mean plasma 
triglyceride levels by -45.5 ± 3.03% and  -46.7 ± 3.02%, 
respectively, compared with placebo (P < 0.001). 
Saroglitazar 2 mg also caused a significant decrease in 
non-HDL-C, very LDL-C, total cholesterol; saroglitazar 
4 mg also significantly reduced LDL-C and 
apolipoprotein B levels, compared with placebo. After 
the 12-week treatment, saroglitazar (2 and 4 mg) caused 
a significant increase in HDL-C level compared with 

placebo. There was also a statistically significant 
decrease in FPG level after 12-weeks of treatment with 
saroglitazar 2mg (-23.6 ± 7.92 mg/dL) and 4 mg (-25.4 ± 
7.92 mg/dL) compared with placebo. Both doses of 
saroglitazar were well tolerated. There were similar 
numbers of adverse events in the saroglitazar and placebo 
arms. Following are the frequently reported adverse 
events: dyspepsis, gastritis, chest pain, pain and pyrexia. 
Most of the adverse events were not related to treatment 
and were mild to moderate in intensity [17]. 
Other Glitazars 
The first PPAR-α/γ dual agonist to be reported was KRP-
297 (MK-0767) shown effectiveness in diabetic 
dyslipidemia in animal models [18]. However, further 
development was discontinued due to toxicity. 
Muraglitazar (BMS-298585) was the first PPAR-α/γ dual 
agonist reviewed by the US FDA advisory committee. 
This was reported to exhibit potent in vitro activities 
against both PPAR-α and PPAR-γ subtypes and exerts 
excellent glucose and lipid-lowering effects in rodent 
models but its development was discontinued due to 
increased CV risk [19]. Other than these two, researchers 
also discovered farglitazar (MK-0676), tesaglitazar (AZ-
242), ragaglitazar (DRF-2725) and imiglitazar (TAK-
559) as PPAR-α/γ dual agonists. They were effective in 
animal models; however, further development was 
discontinued due to various toxicological reasons or a 
risk benefit assessment. An important observation is that 
most of these failed compounds had higher selectivity 
towards PPAR-γ receptor [20]. 

 

 

          

Fig 3: Physiological effects of peroxisome proliferator-activated receptors α and γ 
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