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ABSTRACT

Saroglitazar is a newly approved oral hypoglycemic drug by FDA. Although the drug
entered the market, there are no reports on its degradation products till date. To identify
the degradation products of saroglitazar during the stability studies, a RP-HPLC method
was developed and validated as per ICH guidelines. The samples were eluted using
acetonitrile and phosphate buffer (pH 7.4, 50:50 v/v) as a mobile phase over Kromasil
100- 5C,; (250 X 4.6 mm, 5um) column. The analytes were monitored by UV detector at
294 nm with isocratic mode of elution at a flow rate of 1.0 mL/min. The stability studies
were conducted under stressed conditions of acidic, basic, neutral (peroxide), photolytic
studies at room temperature and thermal at 60°C for 48 hours. The stressed samples
were analyzed for their degradation products by RP-HPLC. The degradant products
obtained were characterized using UPLC with tandem mass spectroscopy (LC/MS/MS)
and FTIR. Major degradation products were observed with m/z at 365, 247 and 294.
The drug is found to be comparatively stable under photo and thermal stress. Peroxide
stress has degraded the drug completely. The drug has to be stored away from oxidation
during transport and storage.

Key words: Saroglitazar, Degradation products, Reverse phase high performance liquid
chromatography, Mass spectroscopy, Infra-red spectroscopy.

INTRODUCTION

Saroglitazar (SGR) is a new chemical entity
used for the treatment of type 2 diabetes
mellitus. It can be used to treat the people
suffering from dyslipidemia and hypertri-
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setious adverse effects were observed.®®
SGR has not revealed any of the adverse
effects like edema and weight gain that are
usually identified with other anti diabetic
drugs.”!"" Although the drug is available in
the market, it was observed that only HPLC
and HPTLC studies for its estimation in

glyceridemia, where statin therapy is not
useful."” Chemically, it is (2S) - 2- Ethoxy
- 3- [4- (2- {2-methyl-5- [4 (methylsulfanyl)
phenyl] -1 pytrol-1-yl} ethoxy) phenyl] propa-
noic acid (Figure 1)."** SGR shows the dual

effect on peroxisome proliferator activated
receptor (PPAR) as an agonist at the sub-
types o and y. Agonist action at PPAR« and
PPARy, decreases the high blood triglyc-
erides and enhances the insulin resistance
respectively and accordingly lowers blood
sugar level.>® The eatlier reports on SGR
revealed that because of its effect as insulin

formulations were reported.'"* But there
are no reports on its degradation products
during the course of transport and stressed
conditions of storage. The formation of
degraded products may raise a serious issue
in terms of its shelf life as well as their tox-
icity profile. The reported clinical studies
mentioned that there was no much toxicity

Indian Journal of Pharmaceutical Education and Research | Vol 52 | Issue 4 | Oct-Dec, 2018

com

5)

OAVIDOSEY
P‘;)G
J% a“.
. T

&
1%7(‘

gy et

www.ijper.org



Kumar, et al.: Identification of Degradant Products of Saroglitazar by LCMS

Figure 1: Structure of saroglitazar.

for the drug,” but there might be a chance that the storage
conditions may cause the drug molecule to degrade and
which may be toxic to the body. Hence it is necessary
to identify the degraded products forming during the
stressed conditions and their correlation with the starting
reactants during SGR synthesis. The toxicity profile has
to be established if the degraded products formed are
different than expected and appropriate quality control
measures have to be taken during the manufacturing of
the drug substances, during the shipment, distribution
and storage. Thus the current study was focused on to
perform the stability indicating degradation studies for
SGR and identify the degraded products by RP-HPLC
and characterize by FTIR and LCMS.

MATERIALS AND METHODS
Chemicals

HPLC grade acetonitrile (Lichrosolv®, Merck life sciences,
Pvt. Ltd, Mumbai, India), HPLC grade water (Lichrosolv®,
Merck life sciences, Pvt. Ltd. Mumbai, India), formic
acid and potassium dihydrogen o-phosphate (Thermo
fisher scientific Pvt. Ltd. Mumbai, India), sodium
hydroxide, hydrochloric acid, and hydrogen peroxide
(S D Fine-chem. Ltd. Mumbai, India) were used for
the study. Saroglitazar pure drug and its tablet formulation
were obtained from Cadila pharmaceutical limited,
Ahmedabad, India.

Apparatus

The HPLC system (Agilent technologies, compact
LC-G4286A made in Germany) with variable wavelength
UV-detector, reversed phase Kromasil® 100- 5 C
(250%4.6 mm, 5 pm particle size) column were used
for chromatographic separation. The chromatographic
and integrated data were recorded using Ezichrome

Elite compact software in computed system (Version:
3.30B, St. no: 08051601100, scientific softwate. Inc.).
For LCMS studies, UPLC system consisting of gradient
mode pump with column Acquity UPLC@ BEH C18
(1.7 um, 2.1 x 100 mm) and Photo Diode Array (PDA)
detector range 200-400 nm were used. The mass spec-
trum with ESI mode of ionization was used for the
study (LC/MS/MS (Waters ACQUITY. Model: XEVO-
TQD). Bruker FTIR Model: Alpha, containing fixed
thickness liquid cell- sodium chloride rectangular crystal
with path length spacer of 0.1 mm was used for func-
tional group analysis of samples.

RP-HPLC Conditions

Chromatographic separation was achieved on Kromasil®
100- 5C  using a mobile phase consisting of phosphate
buffer adjusted to pH7.4 and acetonitrile in the ratio of
50:50 v/v, under isocratic mode of elution. The mobile
phase was prepared and filtered through membrane fil-
ter (0.45um) and sonicated for 30 min prior to use. Flow
rate of 1mL/min was maintained at room temperature
with a run time of 25 min. An injection volume of 20pL
is used and the detection wavelength was set at 294nm.

UPLC/MS/MS Conditions

Chromatographic ~ separation was achieved on
ACQUITY UPLC@ BEH C18 1.7um, 2.1 x 100mm
column, using the gradient mobile phase consisting of
A (water with 0.1% formic acid) and B (Acetonitrile). A
flow rate of 0.4 mL/min and column temperature of
40°C was maintained for the entire study and the eluted
components were detected using PDA at the range of
200-400 nm. The products were ionized by electro spray
ionization (ESI) mode for their mass data.

FTIR Conditions

The samples were analyzed using Bruker FTIR Model:
Alpha, having liquid cell NaCl crystal with path length
of 0.1 mm.The degradation products were extracted
from the stressed samples using chloroform before
analysis. The samples were measured for their transmission
range of 600 to 4000 cm™. Total 20 scans per sample
were performed for better resolution of spectra.

Sample Preparation

The standard and test samples were prepared by
dissolving each weighed amount of 10 mg SGR in
10 mLL methanol and sonicated for 10 min. The obtained
Img/mL concentration solutions were used for further
studies.
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Sample Preparation for Stability Studies

For the degradation studies, 48 hours of stressed
conditions were performed for the drug sample. Except
thermal, photolytic and peroxide stressed samples, the
samples of acid and base hydrolysis were neutralized
with sodium hydroxide and hydrochloric acid respectively.

Degradation studies®1®
Acid degradation

Weighed, 2 mg of SGR and treated with 5 mL of 0.1IN
HCI at room temperature for 48 hr. After 48 hr, the
stressed sample was neutralized with 0.1N NaOH and
diluted with methanol to get 1000 pg/mL. The solution
was filtered through 0.45 pm membrane before analysis.

Base degradation

Weighed, 2 mg of SGR and treated with 5mL of 0.IN
NaOH at room temperature for 48 hr. The stressed
sample was further neutralized with 0.IN HCI and
diluted with methanol to get 1000 pg/mL. The solution
was filtered through 0.45 pm membrane before analysis.

Hydrogen peroxide degradation

Weighed, 2 mg of SGR and treated with 5 mL of 3
% hydrogen peroxide at room temperature for 48 h.
The stressed sample was diluted with methanol to get
1000 pg/mL. The solution was filtered through 0.45 pm
membrane before analysis.

Photolytic degradation

The photolytic degradation was carried under the influ-
ence of UV light on the stability of SGR by exposing 2
mg of the sample at 365 nm for 48 hours. The stressed
sample was diluted with methanol.

Thermolysis degradation

The effect of temperature was studied by heating
the sample at 60°C for 48 h in refluxing apparatus.
The stressed sample was diluted with methanol to get
1000 pg/mlL concentration. The solution is filtered
through 0.45 um membrane before analysis.

Validation Studies

The validation studies of SGR were carried as per ICH

13-15

guidelines.
System suitability

The system suitability of SGR was performed by taking
six injections (n=6) of pure sample (250pg/mL) and
calculated the % RSD. The system was suitable for the
analysis of SGR data of tailing factor and peak resolution
results were within the limits.

Linearity

The linearity of SGR was performed from the standard
concentrations in the range of 50-250ug/ml. The cali-
bration curve of peak height versus concentration was
plotted and correlation coefficient and regression line
equation were determined.

Precision

The precision of the method was determined by injecting
six (n=0) injections of SGR pute sample (200pg/mL)
and % RSD was calculated. The obtained RSD was
within the range (< 2) and it was observed that the
developed method was reproducible.

Accuracy

The accuracy study of the method was performed by
adding known amount of different ranges of pure drug
to the standard test concentration. The recovery was
performed at three levels with 50, 100 and 150% of
SGR standard concentration. The three samples were

prepared for each recovery level and % recoveries were
calculated.

Limits of Detection and Limit of

Quantification (LOQ)

The LOD and LOQ ate the lowest level and lowest
concentration of the analyte respectively in a sample
that would yield signal-to-noise ratios of 3.3 for LOD
and 10 for LOQ. These were determined from the
standard deviation of the peak response and the slope
of the calibration curve.

(LOD)

RESULTS AND DISCUSSIONS

Method development and optimization of
chromatographic (RPHPLC) conditions

Initial trials were made using water and methanol in
the ratio of 50:50 v/v as mobile phase on Kromasil®
100- 5C, ;column with flow rate of 1mI./min, and found
the peak with high tailing. Phosphate buffer (pH 7.4)
and acetonitrile in the ratio of 50:50 v/v with flow rate
of 1.2mL/min gave sharp peaks with no tailing. Though
the retention time (Rt) of drug was very less, peaks were
eluted with better resolution and intensity at high
concentration (1000pg/mL) of drug. As the aim of
current study was to identify the degradation products,
longer Rt was required. Hence, the flow rate was
decreased to 1mL/min with same mobile phase, which
gave a longer Rt of 8.2 * 0.1 minutes, without
disturbing the peak properties. The system suitability
was performed and the results were found to be within
the limits (Table 1). Linearity was observed in the
concentration range of 50-250 ug/mlL with regression
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Table 1: System suitability of Saroglitazar.

Concentration Peak Height (mAu) Retention time
(Hg/mL) (min)
250 128979035 8.21
250 128979038 8.20
250 128979040 8.20
250 128979038 8.20
250 128979040 8.20
250 128979035 8.19
Average 128979038
Standard 2.2509
deviation
% RSD 0.00174
Concentration Peak Area (mAu) Retention time
(ug/mL) (min)
50 28476322 8.25
100 47619053 8.29
150 77293815 8.25
200 102039811 8.23
250 128979035 8.21

Table 3: Precision results of Saroglitazar.

Concentration Peak Height Retention time

(ng/mL) (mAu) (min)
200 102039811 8.21
200 102039809 8.22
200 102039815 8.22
200 102039811 8.21
200 102039810 8.22
200 102039808 8.32

Average 102039810

Standard deviation 2.4221
%RSD 0.000213%

coefficient of 0.998 and was summarized in Table 2.
The % RSD for system suitability of SGR with six injec-
tions (n=06) was found to be 1.122 %, which is within
the limits. The % RSD for intraday precision was found
to be 0.213 % and within the limits (Table 3). The

accuracy of the method with recovery level 50, 100
and 150 % was found to be 100.18, 99.69 and 99.89
% respectively were tabulated in Table 4. The LOD
and LOQ for SGR were observed at1.7732 ug/mL and
5.3735 pg/ml respectively were tabulated in Table 5.
The results were within the limits of guidelines.

Stability studies by RP-HPLC

The stressed samples of SGR were analyzed by RP-HPLC.
Significant degradation product peaks were observed in
acidic, basic, neutral (hydrogen peroxide), photolytic and
thermolysis conditions at 294nm. To know if any other
products are present, samples were also analyzed at
254 nm. Peroxide stress sample has shown peaks at both
294 and 254 nm, whereas in other conditions, peaks were
observed only at 294 nm. From the data it is observed
that peaks other than SGR have absorption maximum
at 294 and 254 nm with absorbance of 0.73 and 0.56
respectively in UV. The resultant HPL.C chromatograms
of stressed samples were shown in Figure 2 and 3. The
peak intensities and retention times of degraded product
peaks during stress conditions were tabulated in Table 0.
The drug shows 100% degradation under oxidation
stress where as good stability under photolysis (1.28%)
and thermal (5.69%) stress. A major instability is also
observed in acid (85.18%) and base (71.95%) stress.
The percentage degradation was tabulated in Table 7.
The samples were analyzed using UPLC-MS/MS for
identifying the molecular weights of degraded products
and to predict their structures. The UPLC data for acid,
base, hydrogen peroxide were depicted in Figure 4 and
photolytic and thermally stressed samples were depicted
in Figure 5. The mass spectral data of acid, base, hydrogen
peroxide, U.V. and thermal were shown in Figure 6 - 11
respectively. From the MS data, the fragmentation
pattern of SGR was depicted in Figure 12 and 13.

Characterization of degradation products by
UPLC MS/MS

The degradation pattern of SGR in the mentioned
conditions was interpreted from the mass data and
tabulated in Table 8. From the data it is observed that
a more degradants were formed during the peroxide
stress. The synthetic schemes used by manufacturers

Table 4: Accuracy results of Saroglitazar.

Recovery Test Standard Total Peak intensity Amount % Recovery
level concentration concentration concentration (mAu) founded (mg)
(Hg/mL) (Hg/mL) (Hg/mL)
50% 100 50 150 327.16 157.78 105.18%
100% 100 100 200 407.00 199.38 99.69%
150% 100 150 250 496.90 249.73 99.89%
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- 3 - -

Figure 2: Typical HPLC chromatograms of saroglitazar and its
degradation products formed. a) 0.1N HCI, b) 0.1N NaOH, c1)
3% Hydrogen peroxide at 294nm.
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Figure 3: Typical HPLC chromatograms of saroglitazar and its
degradation products formed. c2) 3% Hydrogen peroxide at
254nm d) Photolysis UV light 365 nm and e) Thermal at 60°C.

were observed for any starting reactants were formed
during the degradation. The percentage degradation of
SGR in presence of mentioned stress conditions was
tabulated in Table 7. The m/z values at 247 and at 222
were corresponded to compound 4 and 14 which are
one of the reactants during SGR synthesis. The products
from acid stressed sample were found to possess molecular
ion peaks at 325 and 238 which are correlated to
compounds 1 and 2. The base stress of SGR has shown
the presence of two major degradants with m/z at 365
and 247 depicted as 3 and 4. With thermal stress, the
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Figure 4: UPLC chromatograms of saroglitazar degradation
products. a) Under acid stress b) Under base stress and c)
Under thermal stress.
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Figure 5: UPLC chromatograms of saroglitazar degradation
products. a) Under peroxide stress and b) Under photolytic

stress.
Table 5: LOD and LOQ results of Saroglitazar.
Calibration SD of lowest LOD LOQ
Equation concentration in (ug/mL) | (ug/mL)
linearity
Y= 0.997x+4.500 1.85538 1.7732 5.3735
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Table 6: RPHPLC data of Degradation studies.

Stress A Drug peak Degraded product peaks
condition® (nm)
Peak Peak 1 Peak 2 Peak 3 Peak 4 Peak 5
Rt | In** Rt* I Rt* I Rt* In* | Rt* | In* | Rt* | In=
Acid 204 | 7.21| 8648 | 1.930 | 176.07 - - - - - - - -
(0.1N HCl)
254 - - - - - - - - - - - -
Base 294 - - 1830 | 66.05 | 1.940 | 86.293 | - - - - - -
(01N
NaOH) 254 | - - - - - - - - - - - -
Oxidative 294 - - 0496 | 7477 | 2.167 | 13550 | 4.17 | 2042 | 470 | 1336 | - -
(3% H,0.) [ 254 § § 2.166 | 1406.93 | 2.939 | 14.028 | 3.728 | 1302.5 | 467 | 19.61 | 9.257 | 19.36
Light 204 | 7.05 | 37768 | 1.699 | 62.16 | 2.962 | 39.139 | 3.327 | 19.322 | 454 | 2059 | - -
W) [ T T i ; i ; i R A B
Thermal 204 | 7.03 | 368.10 | 1.747 | 44547 | 2.721 | 19.183 | 2.964 | 46.839 | 3.34 | 24.85 | 4507 | 205
(60°C) 254 _ _ _ _ _ _ _ _ _ _ _ _

# 48 hours, *Retention time (minutes), **Intensity (mAu), (-) indicates, absence of peaks.

. 05082016_012 41 (0.703) Sm (SG, 2x0.50); Cm (40:44) 1: M52 ES+
Table 7: Percentage of SGR degradation. 100 36520 44186

25419
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Oxidation 48 100%
Photolytic 48 1.28% Figure 7: MS/MS-ESI data of saroglitazar degradation
products under base stress.
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Figure 6: MS/MS-ESI data of saroglitazar degradation Figure 8: MS/MS-ESI data of saroglitazar degradation
products under acid stress. products under hydrogen peroxide stress.
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Figure 9: MS/MS-ESI data of saroglitazar degradation
products under thermal stress.
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Figure 10: MS/MS-ESI data of saroglitazar degradation
products under photolytic stress.
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Figure 11: FTIR NaCl liquid sample spectra of degradation
products of saroglitazar.

drug has shown m/z at 354 and 381 correlated to
compound 8 and 9 respectively. The photolytic stress
has shared its degradation products 6 and 7 in similarity
with both thermal and base stress respectively. A major
peak at m/z 294 is observed in photolytic stress
corresponds to compound 5. Compounds 3, 7, and 10
are same, indicting common feature of peroxide and
base stress. Similar feature was observed for compound
4 and 12. From this study it is observed that peroxide
and base conditions are generating a common degradant,
which is a starting reactant during SGR synthesis."* In
thermal stress, minor products 8 and 9 were observed.
The SGR sample was much degraded in presence of
hydrogen peroxide, indicating that, the drug is highly
unstable in peroxide or oxygen atmosphere. The major
compounds obtained are 10 and16 with Rt of 1.380 and
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Figure 12: Depiction of saroglitazar degradation products
under acid, base, thermal and U.V. stress.
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Figure 13: Depiction of saroglitazar degradation products
under peroxide stress.

0.902 minutes respectively. The Rt of degradant com-
pounds shows that they are having high polarity than
the parent compound SGR (see Table 6). Compound
17 obtained from peroxide stress having an Rt of 0.86 min,
is one of the reactant during SGR synthesis. The IUPAC
names of the degradant compounds identified were
tabulated in Table 8.

Characterization of degradation products by FTIR

The FTIR spectrum (NaCl, cm™) for eluted peak of
peroxide stressed sample from HPLC was shown in
Figure 11. The vibrations were observed at3545.44 (N-H
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Table 8: Degradants observed from LCMS/MS data.

Degradant Code IUPAC Name of Degradants obtained from stability studies
1 2-methyl-5-(4-(methylthio)phenyl)-1-(2-phenoxyethyl)-1H-pyrrole
2 3-(4-(2-aminoethoxy)phenyl)-2-ethoxypropan-1-ol
3,7,10 1-(2-(4-propylphenoxy)ethyl)-2-methyl-5-(4-(methylthio)phenyl)-1H-pyrrole
4,12 2-(2-methyl-5-(4-(methylthio)phenyl)-1H-pyrrol-1-yl)ethanol
5,15 3-(4-(2-(prop-1-en-2-ylamino)ethoxy)phenyl)-2-ethoxypropanoic acid
6,8 2-(4-(2-(2-(4-(methylthio)phenyl)-1H-pyrrol-1-yl)ethoxy)phenyl)ethanol
9 1-(2-(4-(2-methoxyethyl)phenoxy)ethyl)-2-methyl-5-(4-(methylthio)phenyl)-1H-pyrrole
11 2-ethoxy-3-(4-hydroxyphenyl)propanoic acid
13 1-(2-phenoxyethyl)-2-phenyl-1H-pyrrole
14 1-(4-(methylthio)phenyl)pentane-1,4-dione
16 4-(1-(2-(4-ethylphenoxy)ethyl)-1H-pyrrol-2-yl)benzenethiol
17 3-(4-(2-(ethylamino)ethoxy)phenyl)-2-ethoxypropanoic acid

stretching), 3021.95 (C-H Stretching), 2292.69, 2253.42
(C=C stretching), 1627.05 (C=0O stretching), 1442.37
(C-H bending), 1375.27 (N-H asymmetric bending),
1228.74 (C-O-C stretching), 1008.19 (C-O-C asymmetric
stretching), 918.86 (O-H bending in finger print region),
761.61 (Aromatic region in finger print). From the data
it was observed that the compound 17 was present.
A similar stretching vibrations were observed as 2544.44
(S-H stretching), 3025.15 to 2944.92 (C-H Stretching),
225342 (C=C stretching), 1442.37 (C-H bending),
1313.37 (C-N asymmetric bending), 1228.74 (C-O-C
stretching), 1008.19 (C-O-C asymmetric stretching),
761.61 (Aromatic region in finger print). From the data
it was observed that the compound 3 was present. Thus
the retrieved portions of eluted peaks gave a functional
group analysis in correlating the spectra.

CONCLUSION

From the study it is observed that, the drug SGR is having
stability under photo and thermal stress but sensitive
to other conditions. The effect of peroxides on drug is
vast, indicating that it should be stored away from
oxidation during its storage and transport. The degradants
obtained during oxidation are easily identified at 254 nm.
The structural interpretation of degraded products
shows that the SGR is degrading back into its reactants
used during its synthesis. Since the oral hypoglycemic
drugs are in high usage, a further iz wvivo metabolite
correlation is needed to identify the toxicity of degradants.
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SUMMARY
e Saroglitazar is a recently FDA approved oral hypo-

glycemic drug used for treating Diabetes mellitus.
Its use has been increasing among people day by
day. Hence to observe any stability issues, the
drug degradation conditions are studied as per ICH
guidelines of stability testing.

® The drug has shown much degradation in pres-
ence of oxidation environment. It has high stabil-
ity in presence of thermal and sunlight presence.
Thus its storage is to be properly packed to avoid
changed pH and oxygen containing surroundings
during its transport and storage. A caution should
be labeled on formulations.

* Major degradant products were identified and char-
acterized by LCMS/MS and FTIR techniques. The
toxicity profile of the identified products during
stress are to be studied further for better safety
of humans.
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