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Abstract

Saroglitazar is a novel nonthiazolidinediones (TZD) and nonfibric acid deriva-

tive designed to act as dual regulator of lipids and glucose metabolism by acti-

vating peroxisome proliferator-activated receptors (PPAR). These studies

evaluate the efficacy and safety profile of Saroglitazar in preclinical in vitro and

in vivo models. The EC50 values of Saroglitazar assessed in HepG2 cells using

PPAR transactivation assay for hPPARa and hPPARc were 0.65 pmol/L and

3 nmol/L, respectively. In db/db mice, 12-day treatment with Saroglitazar

(0.01–3 mg/kg per day, orally) caused dose-dependent reductions in serum tri-

glycerides (TG), free fatty acids (FFA), and glucose. The ED50 for these effects

was found to be 0.05, 0.19, and 0.19 mg/kg, respectively with highly significant

(91%) reduction in serum insulin and AUC-glucose following oral glucose

administration (59%) at 1 mg/kg dose. Significant reduction in serum TG

(upto 90%) was also observed in Zucker fa/fa rats, Swiss albino mice, and in

high fat -high cholesterol (HF-HC)-fed Golden Syrian hamsters. LDL choles-

terol was significantly lowered in hApoB100/hCETP double transgenic mice and

HF-HC diet fed Golden Syrian Hamsters. Hyperinsulinemic-Euglycemic clamp

study in Zucker fa/fa rats demonstrated potent insulin-sensitizing activity. Sa-

roglitazar also showed a significant decrease in SBP (22 mmHg) and increase

(62.1%) in serum adiponectin levels in Zucker fa/fa rats. A 90-day repeated

dose comparative study in Wistar rats and marmosets confirmed efficacy (TG

lowering) potential of Saroglitazar and has indicated low risk of PPAR-associ-

ated side effects in humans. Based on efficacy and safety profile, Saroglitazar

appears to have good potential as novel therapeutic agent for treatment of dysl-

ipidemia and diabetes.
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high-density lipoprotein cholesterol; HF-HC, high fat-high cholesterol; IVLTT,

intravenous lipid tolerance test; LDL-C, low-density lipoprotein cholesterol; LPL,

lipoprotein lipase; NIN, National institute of nutrition; NIRRH, National institute

for research in reproductive health; OGTT, oral glucose tolerance test; PPAR, per-

oxisome proliferator–activated receptors; SAM, swiss albino mice; SBP, systolic

blood pressure; TC, total cholesterol; TG, triglycerides; ZRC, Zydus research centre.

ª 2015 Cadila Healthcare LTD. India., Pharmacology Research & Perspectives published by John Wiley & Sons Ltd,

British Pharmacological Society and American Society for Pharmacology and Experimental Therapeutics.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License,

which permits use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and

no modifications or adaptations are made.

2015 | Vol. 3 | Iss. 3 | e00136
Page 1

info:doi/10.1002/prp2.136
http://creativecommons.org/licenses/by-nc-nd/4.0/


Introduction

Type 2 diabetes mellitus (T2DM), which is characterized by

insulin resistance, hyperglycemia, and hyperinsulinemia, has

become a major health problem across the world (Kiess et al.

2004; Wild et al. 2004). The morbidity and mortality due to

type 2 diabetes are caused by micro- as well as by macrovas-

cular damages as consequences of the complex metabolic

dysfunctions. The microvascular complications are believed

to be related to high plasma glucose levels, whereas the mac-

rovascular damage and related cardiovascular mortalities are

largely associated with an atherogenic lipid profile which is

associated with arterial lipid deposition and inflammation

(Kiess et al. 2004; Agrawal et al. 2006). Dyslipidemia in type

2 diabetes is usually characterized by high triglycerides, high

proportion of dense low-density lipoprotein (LDL)-particles,

and low levels of high-density lipoprotein cholesterol (HDL-

C) (Valabhji et al. 2003; Rader 2007), a condition referred to

as atherogenic diabetic dyslipidemia (Misra et al. 2004;

Mua�cevi�c-Katanec and Reiner 2011). Thus, an ideal therapy

for T2DM should target both the glycemic and lipid abnor-

malities (Cziraky 2004; Rader 2007).

Peroxisome proliferator-activated receptors (PPARs) are

the nuclear receptors that primarily modulate lipid metab-

olism and that activation has salutary effects on lipid and

glucose metabolism. Thiazolidinediones (TZDs) are agon-

ists of PPARc that improve insulin sensitivity and lower

blood glucose levels (Chakrabarti et al. 2003). TZDs have a

variable ability to lower TG, increase HDL-C levels, and

can decrease the levels of small dense LDL particles (Aro-

noff et al. 2000). The clinical use of PPARc activators has

fallen because of PPARc-mediated side effects, such as the

risk of fluid retention, heart failure, weight gain, and a

potential increase in bone fractures (Patel et al. 2005; Ber-

lie et al. 2007; Nissen and Wolski 2007).

Here, we report the efficacy of Saroglitazar a novel

compound that has recently been granted marketing

authorization in India (Brand Name-LipaglynTM) with an

indication for treatment of diabetic dyslipidemia and hy-

pertriglyceridemia with T2DM not controlled by statins.

In this report, we present the preclinical pharmacody-

namics profile of Saroglitazar.

Materials and Methods

PPAR transactivation assay

HepG2 cells (National Centre of Cell Science) were main-

tained in growth medium composed of Dulbecco’s Modi-

fied Eagle’s Medium (DMEM) supplemented with 10% FBS

(Hyclone, South Logan, Utah, USA), 1X MEM nonessential

amino acid (Sigma, Aldrich, St. Louis, MO, USA), and

1 mmol/L sodium pyruvate and 1% penicillin/streptomy-

cin. HepG2 cells were seeded in 12-well plates at a density

of 400,000 cells/well in 1 mL of medium per well. Cells

were transfected with PPRE3-TK-luc and 0.08 lg of the

pCDNA (3.1) expression vector containing the cDNA of

PPARa or 0.08 lg of the pSG5 expression vector containing

the cDNA of PPARc using Superfect (Qiagen, Hiden, Ger-

many). Cells were incubated at 37°C, 5% CO2: 95% O2 and

after 3 h 1.0 mL of the medium containing the respective

test compounds were added to the respective wells. After

the incubation for 20–22 h at 37°C under 5% CO2, cells

were first washed with Phosphate Buffer Saline (pH 7.3-

7.4), lysed and supernatant collected for luciferase and b-
galactosidase activity. The luciferase activity was determined

using commercial firefly luciferase assay according to the

suppliers’ instructions (Promega, Madison, WI, USA) in

white 96-well plate (Nunc, Roskilde, Denmark). The b-
galactosidase activity was determined in ELISA reader at

415 nm.

Animals

The B6.BKS(D)-Leprdb/J(db/db) mice were obtained from

Jackson Laboratory, Bar Harbor, ME, at 6 weeks of age.

Zucker fa/fa rats, Swiss albino mice, hApoB100/hCETP

double transgenic mice, Wistar rats, and Golden Syrian

hamsters were bred at ZRC. All animals were housed in

individually ventilated cages and given pelleted food

(Standard Rodent diet, NIN, Hyderabad, India) and water

ad libitum in a temperature (25 � 3°C) and humidity

(50–70%)-controlled environment with a 12/12-h dark–
light cycle, in a facility accredited by AAALAC Interna-

tional (Association for Assessment and Accreditation of

Laboratory Animal Care International).

Golden Syrian hamsters of 7–9 weeks age were put on a high-

fat high-cholesterol (HF-HC) diet (so as to provide 35% total

fat, and 24% total protein and 0.5% cholesterol) 21 days before

initiation of the treatment and during the treatment period.

Female marmosets (Callithrix jacchus) were bred at

NIRRH, Parel, Mumbai, India, and the study was con-

ducted at the same animal facility.

All animal experimentations were carried out in accor-

dance with the CPCSEA (Committee for the Purpose of

Control and Supervision of Experiments on Animals)

guidelines, using Institutional Animal Ethics Committee

(IAEC) approved protocols.

Chemicals

Saroglitazar, [(S)-a-ethoxy-4-{2-[2-methyl-5-(4- methylthio)

phenyl)]-1H-pyrrol-1-yl]-ethoxy})-benzenepropanoic acid

magnesium salt] (Fig. 1A), rosiglitazone and fenofibrate were

synthesized by Cadila Healthcare Limited, Ahmedabad, India.

WY14, 643 was procured from Sigma-Aldrich Co. LLC (St.

Louis, MO, USA).
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Experimental design, drug treatment, blood
sampling, and parameters

Male C57BL/6J-db/db mice were bled on day 0 to deter-

mine pretreatment serum glucose and TG. Animals in

defined serum glucose range were selected and random-

ized using MS office excel software and divided into dif-

ferent groups (n = 6) such that the mean serum glucose

value of each group was not significantly different from

that of the others. During next 12 days, each animal was

dosed (by oral gavage) with vehicle (0.5% sodium carb-

oxymethyl cellulose) or Saroglitazar (0.01, 0.03, 0.1, 0.3,

1, and 3 mg/kg per day) or pioglitazone (60 mg/kg per

day) and on day 12 of the treatment, blood samples were

collected (1 h after dosing) from orbital sinus under light

ether anesthesia. The serum was isolated and analyzed for

glucose, TG, free fatty acid (FFA), and insulin levels. On

day 13, overnight fasted animals were weighed and sub-

jected to Oral glucose tolerance test (OGTT). Briefly, after

an overnight fast, 0 min blood collection was done and

glucose load (1.5 g/kg in water) was administered orally.

Blood samples were again collected at 30, 60, and

120 min after glucose load. Serum was separated and ana-

lyzed for glucose levels.

Sixteen-week-old Zucker fa/fa rats were bled and their

serum TG levels were measured. Based on TG levels, ani-

mals were selected and randomized using MS office excel

software and assigned to different treatment groups

(n = 7) such that the average TG value of each group was

not significantly different from other groups. For next

14 days, each animal was dosed (by oral gavage) daily

with vehicle or Saroglitazar (0.01, 0.03, 0.1, 0.3, 1, 3,

10 mg/kg per day) or pioglitazone (50 mg/kg per day).

On day 14, blood was collected 1 h post-dosing and

serum was analyzed for TG, FFA, glucose, and insulin lev-

els. On day 15, the animals were subjected to OGTT with

glucose load (3 g/kg in water) and other procedures were

similar as described in db/db mice OGTT study.

Hyperinsulinemic-euglycemic clamp study was done in

a separate group of male Zucker fa/fa rats of 11–12 weeks

old. Animals were randomized in such a way that their

nonfasted serum glucose, body weight, and serum TG lev-

els on day 0 of the treatment were not significantly differ-

ent between groups. The rats were treated with vehicle or

Saroglitazar (1 and 10 mg/kg per day) for 15 days by oral

gavage. On day 8 of the treatment, left carotid artery and

right jugular vein catheterization were performed in the

rats using microrenathane (MRE)-40 tubing. On day 15,

1 h postdose administration, hyperinsulinemic-euglycemic

clamp was performed in 5-h fasted animals. Briefly,

0 min blood collection was performed from the arterial

line for insulin measurement and glucose was measured

by glucometer (OneTouch Ultra 2) for basal glucose level.

Regular Human insulin (Huminsulin, Eli Lilly and Com-

pany, Gurgaon, Haryana, India) was infused through the

jugular vein at a constant rate of 2 lL/min with the help

of an automated infusion pump to achieve hyperinsulin-

emia. Insulin was diluted in saline in such a way that the

(A)

(B)

(C)

Figure 1. Structural formula of Saroglitazar and its in vitro activation.

(A) Structural formula of Saroglitazar (B) Activation of PPARa and (C)

activation of PPARc by Saroglitazar. HepG2 cells were transfected

with PPRE3-TK-luc and 0.08 lg of the cDNA (3.1) expression vector

containing the cDNA of PPARa or 0.08 lg of the pSG5 expression

vector containing the cDNA of PPARc. The values are an average of

duplicate experiments.
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final infusion will be 10 mU/kg per min with a flow rate

2 lL/min. To maintain the blood glucose at target eugly-

cemic level (100–120 mg/dL), 50% glucose was infused at

a variable infusion rate by infusion pump. Blood glucose

was measured at 10 min interval till the completion of

the clamp period (0–120 min). Glucose infusion rate

(GIR) was adjusted if necessary. When the blood glucose

concentration was in steady state (euglycemic level 100–
120 mg/dL) for 20 min, ~1.5 h after starting the clamp,

considered as clamped. Blood collection at 120 min was

performed for insulin measurement. GIR (mg/kg per

min) was calculated from concentration of infused glu-

cose (50%), glucose pump rate, and body weight at each

time point. The area under curve for GIR for each treat-

ment group was calculated using GraphPad� software (La

Jolla, CA, USA).

In another study, 15- to 16-week-old Zucker fa/fa rats

were randomized and grouped (n = 7) based on serum TG

and body weights and then for next 15 days each animal

was dosed (by oral gavage) daily with vehicle or Saroglitazar

(4 mg/kg per day) or pioglitazone (10 mg/kg per day) or

fenofibrate (100 mg/kg per day). On day 14, blood was col-

lected 1 h post-dosing and serum was analyzed for TG and

adiponectin (Acrp30) levels. On day 15, the animals were

subjected to noninvasive blood pressure measurement by

using 8-channel noninvasive blood pressure monitor

(NIBP-8, Columbus Instruments, Columbus, OH, USA).

Six- to eight-week-old Swiss albino mice in a defined

serum TG range were selected and randomized using MS

Office Excel software. During the next 6 days, each animal

was dosed daily (by oral gavage) with vehicle or Saroglitazar

(0.01, 0.03, 0.1, 0.3, 1, and 3 mg/kg per day) or fenofibrate

(30 mg/kg per day). On day 6, animals were bled 1 h post-

dosing and serum was analyzed for TG. On day 7, animals

were subjected to intravenous lipid tolerance test (IVLTT).

Briefly, Intralipid (3.3% v/v, from Pharmacia & Upjohn

AB, Stockholm, Sweden) was administered through the

intravenous route (10 mL/kg), and serum TG levels were

measured at 0, 30, 60, and 120 min after injection.

Twenty seven- to thirty-three-week-old hApoB100/

hCETP double transgenic mice were randomized and

grouped (n = 6) such that their serum LDL-C levels on day

0 of the treatment were not significantly different between

groups. The mice were treated with vehicle or Saroglitazar

(0.1, 0.3, 1, 3, and 10 mg/kg per day) or fenofibrate

(60 mg/kg per day) for 14 days by oral gavage. On day 14,

at 1 h post dose, blood samples were collected for estima-

tion of nonfasted serum LDL-C, TC, TG, and HDL-C levels.

Ten- to twelve-week-old adult female Golden Syrian

hamsters were fed normal or HF-HC diet for 21 days.

The animals were selected based on their body weights,

randomized using MS Office Excel software and divided

into six treatment groups (n = 7) such that the mean

bodyweight value of each group was not significantly dif-

ferent from that of the others. During the next 14 days,

each animal was dosed daily (by oral gavage) with vehicle,

Saroglitazar (0.03, 0.1, 0.3, 1, 3, and 10 mg/kg per day)

or pioglitazone (30 mg/kg per day). On day 14, animals

were bled 1 h post-dosing and serum was analyzed for

TC, TG, LDL-C, and HDL-C levels.

In order to understand the species differences, a three-

month repeated dose efficacy and safety study was con-

ducted in 12 female common marmosets (n = 4) and 30

female Wistar rats (n = 10). Animals randomized based on

body weights and were divided into three equal groups and

received the daily administration of vehicle (50% w/v

honey for marmoset and 0.1% carboxymethylcellulose for

Wistar rats) or Saroglitazar (1.5 and 15 mg/kg per day) for

90 days by oral gavage. Body weights and clinical signs

were monitored throughout the study period. At the end of

the treatment, blood was collected and animals were sacri-

ficed. The blood samples were subjected to clinical patho-

logical investigations, selected organs were weighed, and a

detail histopathological evaluation was carried out.

Estimation mRNA in liver and white adipose
tissue

Liver and epididymal adipose tissues were excised under aseptic

condition, and total RNA was extracted by TRIzol reagent (Life

Technologies, Carlsbad, CA,USA), following themanufacturer’s

instructions. First-strand cDNAwas generated from 1 lg of RNA
in a 20 lL volume, by using the randomprimer in the first-strand

cDNA synthesis kit. The reverse transcription reaction mixture

(2.5 lL) was amplified in 100 mL volume, with primers specific

for acyl-CoA oxidase (ACO), FATP, CD36, lipoprotein lipase

(LPL), ApoCIII,aP2, ACRP30, and acidic ribosomal phospho-

protein (36B4)

as control. Primer sequences were: ACO (F: 50-TAAG
TCTGTGTCTGTGGCATTCG-30 and R: 50-GCTGTGTACTG
TCAATCTTAAGGG-30); FATP (F: 50-TGGTGGCTGCTCTTC
TCAATG-30 and R:50-GTAGGAATGGTGGCCAAAGGC 30);
CD36 (F: 50-GCCTGTGTATATTTCGCTTCCAC-30 and R: 50-
GCCATCTCTACCATGCCAAGG-30); LPL (F: 50-GAACACCT
ACACACAAGCAAAGCC-30 and R: 50-CATAGACAGTACCA
GGCTCGTTGC-30); aP2 (F: 50-GTGTGATGCCTTTGTG
GGAA-30 and R: 50-TCCATCCCCTTCGCACCT-30); ApoCIII
(F: 50-CCTCTTGGCTCTCCTGGCAT-30 and R:50-ATAGCTG
GAGTTGGTTGGTCCTC-30); 36B4 (F: 50-AGGCCGTGG
TGCTGATGG-30 and R: 50-TGGCCAACAGCATATCCCG-30);
ACRP (F: 50-GCAGAGCCTGCAGAAGCCGAGTTCGGTGTA
GGTCGTTCGCTC-30 and R: 50-CATACACCTGCAGCCAGA
CGAGCAGATACCAAATACTGTCC-30).
Linearity of the PCR was tested by amplification of

200 ng of total RNA per reaction from 15 to 40 cycles.

The linearity range was found to be between 15 and 35
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cycles. In no case did the amount of RNA used for PCR

exceed 200 ng per reaction. The samples were amplified

for 30 cycles for ACO, FATP, and ACRP; 33 cycles for

aP2, CD36, and LPL; and 30 cycles for 36B4, by using the

following parameters: 94°C-3 min-1 cycle, followed by

94°C-30 sec, 55°C-30 sec, and 72°C-1 min.

PCR products (10 mL) were electrophoresed on 1.5%

agarose gel. Band intensity was quantitated (under UV

light). Levels of mRNA were expressed as the ratio of

band intensity for the target gene relative to that of 36B4

gene.

Analytical methods

Serum glucose, TG, TC, LDL-C, HDL-C, and FFA were

measured spectrophotometrically using commercially

available kits (Pointe Scientific, Canton, Michigan, USA

and Roche Diagnostics, Mannheim, Germany). Serum

insulin was measured using ELISA kit from Crystal

Chem., Downers Grove, IL , USA. Serum adiponectin lev-

els were measured using Quantikine ELISA kit from R&D

Systems, Minneapolis, MN, USA.

Compliance with design and statistical
analysis requirements

All the studies conducted in rodent models consisted of at

least six animals in each group. The marmoset study was

conducted with n = 4 in each group. Less numbers were

taken in primate studies due to ethical consideration. All

groups, including controls, in each study consisted of equal

number of animals. The animals were randomized based on

various selection parameters as described in specific sections

using MS Excel Software. The selection criterion was decided

in advance. The animals were assigned to different groups in

an unbiased manner. In vitro experiments were performed

in duplicate for each concentration for EC50 calculations.

The in vivo study data are presented as Mean � SEM.

The percent reduction was calculated according to the

formula:

1� ðTT=OTÞ
TC=OC

� 100;

where TT is the test day treated value, OT the zero day

value treated, TC the test day control value, and OC the

zero day control value. The difference among the experi-

mental groups were analyzed by one-way analysis of vari-

ance (ANOVA), followed by Bonferroni/Dunnett’s test to

evaluate the statistical difference between two groups.

P < 0.05 was considered significant. All analyses were per-

formed using GraphPad Prism software (GraphPad Soft-

ware, La Jolla CA).

Results

Saroglitazar is a dual PPARa/c activator with
predominant PPARa activity

In vitro activity of Saroglitazar was evaluated using

PPRE-luc transactivation assay in HepG2 cells transfected

with hPPARa and hPPARc receptors. The PPARa activa-

tion was compared with WY 14,643 and PPARc activa-

tion was compared with rosiglitazone. As shown in

Figure 1B, Saroglitazar is a more potent activator of

PPARa as compared to WY 14,643 (EC50 0.65 pmol/L vs.

1.2 lmol/L, respectively). Saroglitazar also showed PPARc
activity (Fig. 1C) but at relatively higher concentrations

(EC50 3 nmol/L) than that of PPARa. In this assay, rosig-

litazone showed EC50 of 8 nmol/L for PPARc activity.

The results indicate that Saroglitazar is a potent and dual

activator of PPARa and PPARc, with predominant action

on PPARa.

Antidiabetic and triglyceride-lowering
activity in db/db mice

Saroglitazar treatment demonstrated a dose-dependent

reduction in serum glucose, TG, and FFA in db/db mice

after 12 days of treatment (Table 1 and Fig. 2A). Saroglit-

azar treatment also showed a significant improvement in

oral glucose tolerance (59% reduction in AUCglucose,

Fig. 2B) and 91% reduction in serum insulin levels at

1 mg/kg dose as compared to control group. The ED50

for glucose reduction was found to be 0.19 mg/kg and

reduction observed was 64.6% at 3 mg/kg. Saroglitazar

caused TG reduction by upto 54.9% at 3 mg/kg and ED50

was found to be 0.05 mg/kg. The ED50 of for FFA lower-

ing was 0.19 mg/kg and Saroglitazar caused upto 56.1%

reduction at 3 mg/kg. Whereas pioglitazone caused 63%

reduction in glucose and 59% reduction in TG at the

dose of 60 mg/kg as compared to control group.

Gene expression study in db/db mice

In order to understand the mechanism of pharmacody-

namic activity of Saroglitazar in db/db mice treated at

3 mg/kg dose for 12 days, the liver tissues were processed

for the mRNA expression for ACO, FATP, CD36, LPL,

and ApoCIII. Saroglitazar caused 2.4, 6.8, 1.7, and 2.9-

fold increase in ACO, FATP, CD36, and LPL mRNA lev-

els, respectively, and 70% downregulation in ApoCIII

mRNA levels as shown in Figure 2C. Simultaneously

white Adipose tissues (WAT) were studied for aP2,

FATP, CD36, LPL, and ACRP30 mRNA levels; Saroglita-

zar treatment showed 3.5, 1.9, 2.6, 3.1, and 1.5 fold
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Table 1. Effect of Saroglitazar in db/db mice.

Group Serum glucose (mg/dL) Triglycerides (mg/dL) Free fatty acids (mg/dL) Body weight (g)

Control 447.4 � 25.3 104.30 � 9.70 92.0 � 6.40 40.9 � 0.50

Saroglitazar (0.01 mg/kg) 457.2 � 44.2 79.50 � 2.90 95.8 � 2.70 42.3 � 1.36

Saroglitazar (0.03 mg/kg) 479.9 � 20.6 75.30 � 13.50 79.5 � 5.80 41.4 � 1.08

Saroglitazar (0.1 mg/kg) 359.5 � 37.2 73.40 � 9.9* 75.9 � 5.70 43.3 � 0.42

Saroglitazar (0.3 mg/kg) 272.2 � 22.4* 61.00 � 4.2* 60.7 � 3.6* 44.2 � 1.40

Saroglitazar (1 mg/kg) 183.9 � 13.9* 66.20 � 1.8* 49.3 � 1.7* 43.8 � 0.65*

Saroglitazar (3 mg/kg) 159.5 � 5.6* 50.50 � 2.5* 40.4 � 1.1* 44.3 � 1.33*

All values are measured at the end of treatment (12 day), and expressed as mean � SEM (n = 6).

ED50Values: glucose reduction – 0.19 mg/kg, TG reduction – 0.05 mg/kg, and for FFA reduction – 0.19 mg/kg.

*P < 0.05 as compared to control (ANOVA).
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Figure 2. Effect of Saroglitazar on (A) serum glucose and (B) AUC-glucose in oral glucose tolerance test in db/db mice treated for 12 days.

Serum glucose was measured on pretreatment and on day 12 1 h post dose and on day 13 overnight fasted animals were subjected to oral

glucose tolerance test with glucose load (1.5 g/kg) for AUC-glucose measurement. The values are calculated as percent change versus Control

and expressed as mean � SEM (n = 6). (C and D) Effect of Saroglitazar on expression of mRNA, in liver (C), and in white adipose tissue (D) of db/

db mice treated with Saroglitazar for 12 days at 3 mg/kg dose determined by quantitative real-time PCR. The bars represent the fold change in

the treatment groups compared with the vehicle control group, mean � SEM (n = 6). *Indicates significantly different from vehicle-treated

control group, P < 0.05 (ANOVA).
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increase in their expression as compared to control group

(Fig. 2D).

Lipid-lowering and insulin-sensitizing effect
in Zucker fa/fa rats

In Zucker fa/fa rats, Saroglitazar treatment led to dose-

dependent reduction in serum TG and improvement in

oral glucose tolerance along with significant reduction in

insulin. The 3 mg/kg dose showed reduction of 81.7% in

serum TG, 69.3% in FFA, and 84.8% reduction in serum

insulin and 51.5% improvement in AUCglucose (Table 2

and Fig. 3A and B) as compared to control group. The

ED50 for TG-lowering effect was found to be 0.26 mg/kg

and a reduction of 85.5% in serum TG was seen at 3 mg/

kg dose. Pioglitazone showed comparable reduction up to

82% in serum TG, 84% in FFA, 95% in insulin, and 39%

improvement in AUCglucose.

Insulin-sensitizing activity in
Hyperinsulinemic-Euglycemic Clamp study

In Zucker fa/fa rats, blood glucose concentrations in

steady state (100–120 mg/dL) were similar in Saroglita-

zar-treated Zucker fa/fa rats and controls (Table 3). GIR,

required to maintain this concentration in hyperinsuline-

mic condition was significantly higher in the Saroglitazar-

treated Zucker fa/fa rats than in the controls (59% and

109% higher as compared to controls at 1 and 10 mg/kg

dose, respectively) indicating that whole body insulin sen-

sitivity was enhanced by Saroglitazar treatment (Fig. 4A

and B). When we calculated the AUC (0–120) for GIR it

showed that Saroglitazar at 1 and 10 mg/kg showed 54%

and 127% increase in AUC (0–120) GIR, respectively, in

hyperinsulinemic clamp following once-daily oral treat-

ment for 15 days. Insulin levels were decreased up to

42% at basal and there was no significant change when

measured at the end of clamp period. It demonstrates

that Saroglitazar has potent insulin-sensitizing activity.

Effect on serum adiponectin levels and
blood pressure in Zucker fa/fa rats

Once-daily treatment of Zucker fa/fa rats with Saroglita-

zar at 4 mg/kg dose, showed a significant decrease

(P < 0.001) in Systolic blood pressure (SBP, 22 mmHg)

and serum TG (80.9%) levels, whereas there was a signifi-

cant increase (62.1%) in serum adiponectin levels

(Table 4). Pioglitazone (10 mg/kg) also showed a decrease

in SBP (21 mmHg) and TG (48%). Effect of pioglitazone

on serum adiponectin levels (24.1% increase) was less

remarkable than Saroglitazar. On the other hand, fenofi-

Table 2. Effect of Saroglitazar in Zucker fa/fa rats.

Group

Triglycerides

(mg/dL)

OGTT:AUC glucose

(mg/dL � min)

Control 441.2 � 81.7 28798.3 � 3038.3

Saroglitazar (0.01 mg/kg) 453.1 � 59.9 28970.9 � 2045.1

Saroglitazar (0.03 mg/kg) 355.4 � 29.5 28269.1 � 1214.2

Saroglitazar (0.1 mg/kg) 316.1 � 46.1 23709.1 � 2683.8

Saroglitazar (0.3 mg/kg) 186.5 � 13.7* 18941.6 � 1870.3*

Saroglitazar (1 mg/kg) 93.6 � 11.0* 16637.5 � 1591.5*

Saroglitazar (3 mg/kg) 68.0 � 3.0* 13972.6 � 436.1*

Saroglitazar (10 mg/kg) 55.5 � 4.1* 13963.1 � 548.9*

Serum triglyceride levels were measured at the end of treatment

(14th day) and AUC was measured on day 15th after oral glucose

tolerance test, all values expressed as mean � SEM. (n = 6).

ED50Value for TG reduction – 0.26 mg/kg.

*P < 0.05 as compared to control (ANOVA).
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Figure 3. Effect of Saroglitazar on (A) serum triglyceride and (B) AUC-

glucose in oral glucose tolerance test in Zucker fa/fa rats treated for

14 days. Serum triglyceride was measured on pretreatment and on day

14 1 h post dose and on day 15 overnight fasted animals were

subjected to oral glucose tolerance test with glucose load (3 g/kg). The

values are calculated as percent change versus control and expressed

as mean � SEM (n = 7). *Indicates significantly different from vehicle-

treated control group P < 0.05 (ANOVA).
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brate (100 mg/kg) showed significant decrease in serum

TG (54%), but had no significant effect on SBP and

serum adiponectin levels.

Lipid-lowering effects in HF-HC diet fed
syrian golden hamsters

Hamsters showed significant increase in TG, TC,

and LDL-C after 21 days of HF-HC diet. When these

hyperlipidemic hamsters were treated with Saroglitazar

for 14 days, the animals showed dose-dependent reduc-

tion in serum TG and TC levels (Table 5 and Fig. 5A).

The ED50 for TG-lowering effect was 0.37 mg/kg and a

reduction of 89.8% was found at 10 mg/kg. Treatment

with Saroglitazar at 10 mg/kg caused 52.7% reduction in

TC. Saroglitazar also showed 61% reduction in LDL-C

and 62.4% reduction in LDL-C/HDL-C ratio at 10 mg/kg

dose. The TG/HDL-C ratio, which is often used as mea-

sure of atherogenic dyslipidemia (AD), was reduced by

91% after Saroglitazar treatment at 10 mg/kg as com-

pared to control group (Fig. 5B). Whereas, pioglitazone

was less efficacious at 30 mg/kg with a 27% reduction in

TG and 16% reduction in TC compared to control

group.

Effect on lipid levels and lipid tolerance test
in swiss albino mice

Swiss albino mice showed dose-dependent reduction in

TG after 6 days of Saroglitazar treatment (Table 6). A

reduction of 75.8% was observed in serum TG at 10 mg/

kg dose and the ED50 for TG reduction was determined

to be 0.09 mg/kg. In this study, fenofibrate showed only

28% reduction in TG at 30 mg/kg dose. When challenged

intravenously with 10 mL/kg Intralipid (3.3%), Saroglita-

zar-treated animals showed dose-dependent improvement

in lipid clearance (reduction in AUCtriglycerides). The

enhanced lipolytic activity resulted in 68% reduction in

AUCtriglycerides at 10 mg/kg dose (Fig. 5C).

Antidyslipidemic (LDL-C lowering) activity in
hApoB100/hCETP double transgenic mice

Oral once-daily treatment of hApoB100/hCETP double

transgenic mice with Saroglitazar for 14 days resulted in

dose-dependent reductions in serum LDL-C with ED50 of

0.11 mg/kg (Table 7). The reduction in LDL-C found was

72% on day 14 at 10 mg/kg dose. Saroglitazar also

showed dose-dependent reduction in TC and TG levels

on day 14 of the treatment. Saroglitazar at 1 mg/kg

showed 67% reduction in LDL-C (Fig. 6A), 50% reduc-

tion in TC (Fig. 6B), 39% reduction in TG, and 61%

reduction in LDL-C/HDL-C atherogenic ratio following

once-daily oral treatment for 14 days.
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Figure 4. Effect of Saroglitazar on (A) glucose infusion rate (GIR) at

0–120 min (B) GIR at 60–120 min of hyperinsulinemic-euglycemic

clamp done in Zucker fa/fa rats after 15 days oral administration. The

values are calculated as percent change versus control and expressed

as mean � SEM (n ≥ 6). *Indicates significantly different from vehicle

control P < 0.05 (ANOVA).

Table 3. Effect of saroglitazar on glucose infusion rate, blood glu-

cose, and serum insulin levels at the end of the clamp experiments in

Zucker fa/fa rats.

Parameters Control

Saroglitazar

(1 mg/kg)

Saroglitazar

(10 mg/kg)

Glucose infusion

rate (mg/kg per min)

11.6 � 1.3 18.6 � 1.6* 24.5 � 2.6*

Glucose (mg/dL) 113.9 � 4.5 111.3 � 2.4 116.0 � 1.9

Insulin (ng/mL) 17.6 � 0.8 15.3 � 0.8 15.0 � 0.8

All values are measured at the end of clamp at 120 min after 15 days

oral treatment and expressed as mean � SEM. (n ≥ 6).

*P < 0.05 as compared to control (ANOVA).
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Comparative efficacy and safety study in
common marmoset and Wistar rats

Female Wistar rats and female marmosets were adminis-

tered with Saroglitazar (1.5 and 15 mg/kg) or vehicle for

90 days. Treatment with Saroglitazar did not cause any

unexpected changes in behavioral or clinical parameters

in either species. There was no effect on body weights

and feed consumption. As expected from PPARa agonists,

Saroglitazar-treated Wistar rats showed higher liver

weights and elevated serum ALT levels as compared to

control group. Since Saroglitazar has relatively weaker

PPARc activity as compared to PPARa, the PPARc medi-

ated effects (reduction in hematocrit, body weight gain)

were evident only at higher doses, which shows exposure

about 66-fold higher than the exposure in human subjects

observed at clinically effective dose of 4 mg. There were

no other gross pathology findings associated with Sarog-

litazar treatments. Histopathological examination did not

reveal any adverse lesions in vital organs except liver,

which showed expected PPARa-mediated mild hepatocel-

lular hypertrophy and minimal to mild single cell necro-

sis. Marmosets concurrently treated with similar doses of

Saroglitazar also showed no behavioral changes and/or

clinical signs, but showed significant (upto 53.4%) reduc-

tion in TG at 1.5 mg/kg (Fig. 7) on day 90 as compared

to control group which was expected efficacy end point.

In contrast to rodents, organ weight data in marmosets

did not reveal any changes in liver weight or gross mor-

phology. Biochemical analysis showed no significant

changes in serum alanine amino transferase (ALT) or

serum electrolytes. Similarly, there were no gross patholog-

ical findings associated with the drug treatment. Histo-

pathological examination revealed no adverse changes in

any vital organs in the marmoset. Unlike rodents, livers of

marmosets showed no changes in histomorphology. These

clinical, pathological, and histopathological investigations

revealed that Saroglitazar did not show any adverse toxic

effects at doses upto at 15 mg/kg in marmosets.

Discussion

Diabetic dyslipidemia is a complex cluster of metabolic

abnormalities characterized by hypertriglyceridemia, high

levels of LDL-C, low levels of HDL-C, and postprandial

lipemia together with hyperglycemia and insulin resistance

(Goldberg 2001; Taskinen 2002; Boullart et al. 2012). Since

PPARa agonists are effective in managing lipids and

PPARc agonists have antihyperglycemic and insulin-sensi-

tizing effects, using dual PPARa/c agonist one can control

both lipids and glucose simultaneously and fulfill the

unmet medical need (Balakumar et al. 2007). In line with

this hypothesis, Seber et al. (2006) and Boden et al. (2007)

have demonstrated that combination of PPARa and

PPARc agonists, that is, rosiglitazone and fenofibrate was

effective in controlling HbA1c and lipid levels. Interest-

ingly in these studies they observed that edema and weight

gain, the main side effects of PPARc agonists were not

Table 4. Effect of Saroglitazar on serum TG, adiponectin levels, and

SBP in Zucker fa/fa rats.

Group

Serum

triglycerides

(mg/dL)

Serum

adiponectin

(lg/mL) SBP (mmHg)

Control 640.5 � 91.8 5.3 � 0.5 134.0 � 2.8

Saroglitazar

(4 mg/kg)

122.0 � 8.1* 8.2 � 0.5* 112.5 � 2.6*

Pioglitazone

(10 mg/kg)

332.8 � 64.0* 7.5 � 1.1 113.4 � 2.4*

Fenofibrate

(100 mg/kg)

295.5 � 85.6* 4.3 � 0.4 124.0 � 5.3

Serum triglyceride and adiponectin levels were measured on (14th

day) and SBP was measured on day 15th by noninvasive blood pres-

sure measurement method, all values expressed as mean � SEM.

(n = 7).

*P < 0.05 as compared to control (ANOVA).

Table 5. Effect of Saroglitazar on high fat-high cholesterol (HF-HC) diet fed syrian golden hamsters.

Group

Triglycerides

(mg/dL)

Total cholesterol

(mg/dL) Body weight (g)

Normal diet control 129.1 � 9.3 78.3 � 3.0 113.7 � 5.1

HF-HC diet Control 493.2 � 77.8 306.2 � 27.7 105.3 � 4.4

Saroglitazar (0.03 mg/kg) 634.4 � 87.5 392.1 � 13.5 106.4 � 2.3

Saroglitazar (0.1 mg/kg) 354.3 � 59.7 293.1 � 16.7 112.6 � 4.7

Saroglitazar (0.3 mg/kg) 371.0 � 35.7 315.1 � 13.1 107.1 � 6.3

Saroglitazar (1 mg/kg) 272.5 � 28.0 311.4 � 30.8 103.0 � 4.1

Saroglitazar (3 mg/kg) 109.9 � 14.8* 243.6 � 24.7 100.1 � 3.6

Saroglitazar (10 mg/kg) 50.5 � 7.2* 144.7 � 6.6* 81.6 � 3.0*

All values are measured at the end of treatment (14th day), and expressed as mean � SEM (n = 6).

ED50Values: TG reduction – 0.37 mg/kg.

*P < 0.05 as compared to control (ANOVA).
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observed. In fact PPARa activation has been found to also

neutralize other PPARc-related side effects (Samadfam

et al. 2012). These observations suggest that a dual

PPARa/c agonist with optimum PPAR a and c activity

profile may show antidyslipidemic, antihyperglycemic effi-

cacy with reduced side effects. The hypothesis that PPARa/

c dual agonism would provide complementary pharmaco-

logical effects has encouraged many research groups to

develop these agents. Several dual PPAR agents were devel-

oped in past with varying ratios of PPARa and PPARc
activity (Rubenstrunk et al. 2007).

Saroglitazar is a novel alkoxy aryl propionic acid deriva-

tive, that showed dual PPARa/c agonism with a predomi-

nant PPARa activity in an in vitro transactivation assay.

Saroglitazar shows much higher PPARa transactivation

potential as compared to the prototypical PPARa activator,

WY14,643; its EC50 was found to be 0.65 pmol/L versus

1.2 lmol/L for WY 14,643. Saroglitazar showed potent

PPARc activation with an EC50 value of 3 nmol/L. Among

the TZDs, rosiglitazone is known to be a full agonist and

shows potent PPARc activation (Balfour and Plosker 1999).

In hPPARc assay, rosiglitazone showed an EC50 of be

8 nmol/L. In this assay, Saroglitazar showed similar Emax as

well as similar potency for PPARc as rosiglitazone. Although,
in vitro data indicate a very high selectivity of Saroglitazar

for PPARa as compared to PPARc, but difference in ED50

values for antihyertriglyceridemic and antihyperglycemic

activities in animal models indicates that in vitro selectivity

data may not accurately predict the actual efficacy profile

observed in an in vivo system. This could be due to variable

sensitivity of in vitro assays (Rubenstrunk et al. 2007), spe-

cies difference, and differential role of coactivators and core-

pressors in PPAR mediated effects in different tissues.

The pharmacodynamics activity of Saroglitazar was

extensively evaluated in various preclinical models of dysl-

ipidemia and T2DM. The preclinical data confirmed that

Saroglitazar has dual lipid-lowering and antihyperglyce-

mic effects when evaluated in diabetic db/db mice, obese

and insulin-resistant Zucker fa/fa rats; Swiss albino mice,

hApoB100/hCETP double transgenic mice, HF-HC diet

fed Golden Syrian hamsters, and non-human primates
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Figure 5. Effect of Saroglitazar on lipids in various animal models (A)

effect on % change in serum triglyceride versus control and (B) effect

on atherogenic dyslipidemia (TG/HDL-C) ratio in high fat-high

cholesterol (HF-HC) diet fed Syrian Golden hamsters. Hamsters were

kept on HF-HC diet and compound treatment was done for 14 days at

0.03, 0.1, 0.3, 1, 3, and 10 mg/kg. (C) Effect on serum triglyceride

clearance in Swiss albino mice. Mice were treated with the compound

for 6 days at 0.01, 0.03, 0.1, 0.3, 1, 3, and 10 mg/kg, and on day 7

overnight fasted animals were injected with 3.3% Intralipid as

described in Methods. The values are calculated as percent change

versus control and expressed as mean � SEM (n = 7). #Indicates

significantly different from normal diet control and *Indicates

significantly different from HF-HC diet control P < 0.05 (ANOVA). In

Figure (C) at 30 min serum triglyceride levels were significant (P < 0.05)

at all doses of Saroglitazar, at 60 min time point 0.1–10 mg/kg dose

levels and at 120 min time point 1–10 mg/kg dose levels showed

significantly (P < 0.05) lowered triglyceride levels as compared to

control group animals.
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(Marmosets). The data obtained from in vivo models of

T2DM and dyslipidemia indicate that Saroglitazar shows

potent lipid- and glucose-lowering and insulin-sensitizing

effects accompanied by expected PPAR-mediated changes

in expression of target genes.

Regulation of blood glucose has been the cornerstone

of both types 1 and type 2 diabetes treatment for decades.

Saroglitazar was profiled in different animal models of

type 2 diabetes. Saroglitazar showed significant reduction

in serum glucose, FFA, and marked improvement in glu-

cose tolerance. Hyperinsulinemic-euglycemic clamp study

was done in Zucker fa/fa rats after 15 days of oral admin-

istration; Saroglitazar treatment showed significant and

dose-dependent increase in GIR demonstrating increased

whole body insulin sensitivity. Saroglitazar also showed

significant increase in serum adiponectin levels and signif-

icant decrease in SBP in Zucker fa/fa rats. Its antihyper-

glycemic efficacy was comparable to pioglitazone when

studied in diabetic and insulin-resistant animal models

like db/db mice and Zucker fa/fa rats.

Although Saroglitazar is a predominantly PPARa ago-

nist, it is known that PPARa agonist can contribute to

antihyperglycemic effects due to improved lipid metabo-

lism (Kobayashi et al. 1988; Ogawa et al. 2000). PPARa
agonists are known to increase hepatic oxidation of fatty

acids (FA), and thereby reduce the synthesis and secretion

of TG (Desvergene and Wahli 1999; Minnich et al. 2001;

Fruchart and Duriez 2006). By their actions on FA and

TG, PPARa agonists may increase the insulin-stimulated

glucose disposal in the skeletal muscle (Randle et al.

1963; Boden 1994; Goodpaster and Kelly 1998), and

thereby ameliorate insulin resistance. Current guidelines

recommend aggressive treatment of LDL-C in patients

with T2DM. In hApoB100/hCETP double transgenic

mice, a model that carries both human cholesteryl ester

transfer protein (CETP) and human apolipoprotein B100

transgenes and exhibits human-like serum HDL/LDL dis-

tribution, Saroglitazar for 14 days resulted in dose-depen-

dent reductions in LDL-C of upto 72% along with a 61%

reduction in LDL-C/HDL-C atherogenic ratio.

It is also known that atherogenic dyslipidemia (AD)

poses a cardiovascular risk (CV) risk due to elevated TG

levels and accompanied by low HDL-C. AD is associated

with insulin resistance (IR), and confers a marked

increase in residual vascular risk, even when LDL-C is

low (Hermans et al. 2010). It has been reported that TG/

HDL-C ratio may be used as a surrogate marker for

assessing CV risk (Hermans et al. 2010; Nicholls et al.

2011). In HF-HC fed hamster model, Saroglitazar treat-

ment significantly reduced the TG/HDL-C ratio, which

suggests that Saroglitazar may provide significant benefits

to patients with atherogenic dyslipidemia.

Meal absorption is a complex phenomenon, postpran-

dial hyperlipidemia and hyperglycemia are simultaneously

present in the postabsorptive phase, particularly in dia-

betic patients and in subjects with impaired glucose toler-

ance (Ceriello et al. 2004). Furthermore, diabetic patients

show significantly delayed postprandial TG clearance as

compared to controls (Kumar et al. 2010). Persistent

postprandial hypertriglyceridemia may not only result in

a proatherogenic environment leading to atherosclerosis

and macrovascular disease in type 2 diabetes subjects

(Kumar et al. 2010), but also contribute in increased pan-

Table 6. Effect of Saroglitazar in Swiss albino mice.

Group

Triglycerides

(mg/dL)

IVLTT-AUCtriglyceride

(mg/dL � min)

Control 100.3 � 8.5 5918.0 � 316.0

Saroglitazar (0.01 mg/kg) 69.6 � 7.2* 4654.0 � 796.0

Saroglitazar (0.03 mg/kg) 73.8 � 7.5* 4447.0 � 545.0

Saroglitazar (0.1 mg/kg) 45.9 � 3.2* 3739.0 � 519*

Saroglitazar (0.3 mg/kg) 59.5 � 5.1* 3739.0 � 519*

Saroglitazar (1 mg/kg) 36.6 � 3.2* 2722.0 � 141*

Saroglitazar (3 mg/kg) 31.8 � 3.8* 2379.0 � 98*

Saroglitazar (10 mg/kg) 24.1 � 2.3* 1909.0 � 315*

All values are measured at the end of treatment (6th day) serum TG,

and IVLTT-AUC measured on day-7, values expressed as

mean � SEM. (n = 6).

ED50Values: TG reduction – 0.09 mg/kg.

*P < 0.05 as compared to control (ANOVA).

Table 7. Effect of Saroglitazar on total cholesterol, LDL-C, HDL-C, and triglycerides in hApoB100/hCETP double transgenic mice.

Group Total cholesterol (mg/dL) LDL-C (mg/dL) HDL-C (mg/dL) Triglycerides (mg/dL)

Control 151.2 � 7.7 108.1 � 10.7 43.6 � 2.5 108.2 � 14.7

Saroglitazar (0.1 mg/kg) 109.7 � 6.2* 74.1 � 5.3* 34.3 � 3.5 86.8 � 14.8

Saroglitazar (0.3 mg/kg) 83.9 � 5.3* 42.7 � 2.9* 38.4 � 4.2 68.7 � 13.4

Saroglitazar (1 mg/kg) 73.1 � 2.8* 35.3 � 1.9* 34.0 � 2.7 52.3 � 5.7*

Saroglitazar (3 mg/kg) 66.5 � 5.1* 31.6 � 3.3* 30.7 � 2.8* 42.6 � 5.8*

Saroglitazar (10 mg/kg) 67.0 � 5.2* 29.9 � 3.7* 32.8 � 3.7 41.6 � 4.1*

All values are measured at the end of treatment (14th day) and values expressed as mean � SEM. (n = 6).

ED50Value: LDL reduction – 0.11 mg/kg.

*P < 0.05 as compared to control (ANOVA).
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creatitis in T2DM patients (Berglund et al. 2012). In our

study, Swiss albino mice administered with Saroglitazar

for 6 days, showed dose-dependent improvement in lipid

clearance (reduction in AUC triglycerides) up on intrave-

nous Intralipid administration with up to 68% enhanced

lipolytic activity at 10 mg/kg dose. It is known that LPL

plays an important role in the removal of plasma TG, by

hydrolyzing the TG of VLDL and chylomicron particles

(Goldberg 1996). ApoCIII on the other hand appears to

antagonize plasma TG metabolism, as it inhibits TG

hydrolysis by LPL and hepatic lipase (Quarfordt et al.

1982; Ginsberg et al. 1986). Expression of LPL and ApoC-

III mRNA was measured in liver tissues from db/db ani-

mals following treatment with Saroglitazar. In this study,

2.9-fold increase in LPL mRNA and 70% downregulation

in ApoCIII expression was observed in Saroglitazar-trea-

ted animals as compared to vehicle-treated group. These

observations suggest that improved lipid clearance after

intravenous Intralipid challenge may be caused by

increased LPL activity in Swiss albino mice. The data in

HF-HC diet fed hamsters suggest that the efficacy of Sa-

roglitazar is several folds better than that of fenofibrate

and rosiglitazone.

PPARa agonists are known to cause rodent-specific

liver proliferation and elevation of liver enzymes that are

not seen in non-human primates and humans. To evalu-

ate the species specificity, comparative efficacy and safety

of Saroglitazar were studied in Wistar rats and marmo-

sets, a non-human primate model. Saroglitazar was well

tolerated and showed TG reduction effect in marmosets.

It did not showed any adverse effect on behavior or toxic-

ity parameters in marmosets. Elevation of liver enzymes

(ALT) and hypertrophic/proliferative changes that are

generally observed with PPARa agonists in rodents were

observed in rats but were not seen in marmosets. These

observations are in line with the reported literature on

other PPARa agonists that rodent-specific adverse changes

may not pose any risk to human (Green 1992; Heuvel

1999; Ammerschlaeger et al. 2004). Furthermore, Saroglit-

azar was found to have a good safety margins in chronic

repeated dose toxicity in rats and dogs and in safety stud-
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Figure 6. Effect of Saroglitazar on lipids in hApoB100/hCETP double

transgenic mice (A) effect on % change in serum LDL-C versus

control (B) effect on % change in serum total cholesterol versus

control. Animals were treated with Saroglitazar for 14 days at 0.1,

0.3, 1, 3, and 10 mg/kg. The values are calculated as percent change

versus control and expressed as mean � SEM (n = 6).
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Figure 7. Effect of Saroglitazar treatment at 1.5 mg/kg dose on %

change in serum triglyceride versus control on various treatment days

in female common marmosets. Serum triglyceride was measured on

pretreatment and on day 15, 30, and 90th of treatment at 1 h post

dose. The values are calculated as percent change versus control and

expressed as mean � SEM (n = 4).
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ies it was found to be safe in a battery of central nervous

system (CNS), cardiovascular system (CVS), respiratory,

and gastrointestinal (GI) parameters (unpublished data).

In phase-3 clinical trials, Saroglitazar appeared to be an

effective and safe therapeutic option for improving hyper-

triglyceridemia in patients with T2DM. Saroglitazar

(2 mg and 4 mg) significantly reduced plasma TG. It also

lowered TC, LDL-C, VLDL, apolipoprotein-B, and fasting

blood sugar levels. Saroglitazar treatment was generally

safe and well tolerated. No serious adverse events were

reported in Saroglitazar treatment arm and no persistent

change in laboratory parameters. Clinical studies of Sa-

roglitazar have also shown that it is a safe glitazar class

compound (Jani et al. 2014; Pai et al. 2014).

In conclusion, Saroglitazar is a nonfibrate, non-TZD

next generation PPAR agonist that has shown beneficial

effects on lipids and glucose in various preclinical and clini-

cal studies (Jani et al. 2014). It has shown good safety pro-

file and may represent a novel therapeutic agent that will

fulfill the unmet needs in T2DM and diabetic dyslipidemia.
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