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Conclusion: Degradation was observeddn ©
photolytic stressed samples.
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Background: Teneligliptin is a new FDA approved drug for treating Diabetes v litus. There are no reported
evidences for their identified degradation products and their effects on hdi ns

Methods: A simple and new stability indicating RP-HPLC method was develop
Teneligliptin and its degradants on Kromasil 100- 5C18 (250x4.6mm, 5.
and acetonitrile (60:40 v/v) as a mobile phase in isocratic mode of elutips’ atya flow rate of 1.0 mL/min. The column
effluents were monitored by a variable wavelength UV detector at 246 rym. The method was validated as per ICH

guidelines. Forced degradation studies of Teneligliptin weracarri
and thermal conditions for 48 hours at room temperature.
characterized by UPLC with tandem mass spectroscopy (LC/Vic. W)

Results: UPLC MS/MS data shown major peaks, « wervedhat 375.72, 354.30, 310.30, 214.19, 155.65, 138.08 and

o, peroxide and thermal stressed samples, but not in acid and

! and validated for identification of
weolurn using pH 6.0 phosphate buffer

out under acidic, basic, neutral (peroxide), photo
» deg dation products were identified by HPLC and

Background

Teneligliptin is a novel drsug, which is'used for the treat-
ment of type 2 diabgtes | lellitup~ It is an antidiabetic
drug that belongs 0 « wbu<, peptidase-4 inhibitors or
“gliptins” (Kishizboto 201 »Zhemically, it is {(2S, 4S)-4-
[4-(3-methyl< -pi._wl-1H“pyrazol-5-yl)-1-piperazinyl]-2-
pyrrolidipg i (1, 3-t. »Zolidin-3-yl) methanone (Fig. 1).
Teneligl otih exerts its activity for 24 h, with elevation
of activat. \glucagon-like peptide 1 (GLP-1) levels by
sdpp. ssing Jstprandial hyperglycemia after the meals
« ad yKadowaki 2013; Ideta et al. 2015; Bronson et
al. " 213). Significant decrease in hemoglobin Alc
(HbA/1c), fasting blood glucose, and postprandial blood
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glucose levels was observed in type 2 diabetic patients
taking teneligliptin for 12 weeks (Goda and Kadowaki
2013). This drug showed a promising effect in stabiliz-
ing the glycemic fluctuations throughout the day and
suppressing the diabetic complications (Ideta et al.
2015). Teneligliptin is approved for use in India, Japan,
and Korea in 2012 (Bronson et al. 2013). Although the
drug entered the market, there is no much information
available about its degradation studies and its degraded
products. Few have reported its metabolism and phar-
macokinetic studies (Halabi et al. 2013; Reddy and Rao
2014; Luhar et al. 2016; Shanthikumar et al. 2015).
Identification of the degraded products helps in future
metabolic studies and also related impurity determin-
ation during its bulk synthesis. In the present study, we
have focused our research into two stages: (1) to de-
velop and validate a reversed-phase HPLC (RP-HPLC)
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Fig. 1 Structure of teneligliptin

method for identifying the teneligliptin and its degrad-
ation products formed during various forced conditions
as per the ICH guidelines (Asian Guideline for Validation
of Analytical Procedure Adopted from ICH guideline,
Q2A27, and ICH Q2B 1994) and (2) identification of the
degraded products obtained and their characterization
using ultra-performance liquid chromatography (UPLC)
with tandem mass spectroscopy (LC/MS/MS).

Methods

Materials and reagents

HPLC grade acetonitrile (Lichrosolv®, Merck Life Science,
Pvt. Ltd., Mumbai, India), HPLC water (Lichrosolv®, Merck
Life Science, Pvt. Ltd, Mumbai, India), formic acid and
potassium dihydrogen o-phosphate (Thermo Fisher Sgieri-
tific Pvt. Ltd,, Mumbai, India), and sodium hydroxid ¥S ®
Fine-Chem. Ltd., Mumbai, India) were used forAne st w.
Teneligliptin pure drug and its tablet formt ‘sion wel
obtained from Ajanta Pharma Limited, Muynibai, »_ia.

Apparatus

The HPLC system (Agilent Technol¢_ s, Compact LC-
G4286A made in Germany) wimariable wavelength UV
detector was used. Reversed-phase .. "masil® 100-5-C18
(250 x 4.6 mm, 5-um p«f Ne siz¢) column was used for
chromatographic sep{ Matio -, The chromatographic and
integrated data weferec. ded using EZChrom Elite Com-
pact Software ift_amputed system (Version 3.30B, Sr. no.
08051601100, Scie.. “fic Software, Inc.). For the LC/MS

Table 1" te wsulsability of teneligliptin

Coptl eratiori. w/ohl) Peak height (mAv) Retention time (min)
& 1288 404

300 1273 404

300 1282 4.03

300 1266 4.03

300 1257 404

300 1280 4.05

Average 127433

Standard deviation 11.3959

% RSD 0.894
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Table 2 Linearity of teneligliptin
Peak height (mAv)

Concentration (ug/mL) Retention time (min)

100 0452 4.09
200 0854 4.06
300 1246 4.06
400 1691 4.05
500 2052 4.04

studies, UPLC system consisting of grad. » mode, pump
with column Acquity UPLC@ BEH~C18 (& hum, 2.1 x
50 mm) detected using photo dioc 2 array (PD)x) detector
range 200—-400 nm was useds TI \mass gpectrum with
electrospray ionization (ESI)Y:. \de ¢ wiization was used
for the study (LC/MS/MS (Wate. " XEVO-TQD).

Chromatographic condition.

ChromatographiC s laration/was achieved on Kromasil®
100-5-C18 usin, » ' wphase consisting of a mixture of
pH 6.0 phosphate " »ffer and acetonitrile (60:40 v/v) under
isocratic 1. W'p,of elition. The mobile phase was prepared
and filterec, thro,.gh membrane filters (0.45 pm) and soni-
cated for 30, min prior to use. Separation was performed
us.. »1 mL/min flow rate at room temperature, and the
run v ne was 25 min. The injection volume was 20 pL

1 thie detection wavelength set at 246 nm.

LC/MS conditions

Chromatographic separation was achieved on Acquity
UPLC@ BEH C18 1.7 pm, 2.1 x 50 mm using the gradi-
ent mobile phase consisting of A (10 % acetonitrile in
water with 0.1 % formic acid) and B (90 % acetonitrile
with 0.1 % formic acid). A flow rate of 0.3 mL/min is
maintained for the study. The eluted components were
detected using PDA at a range of 200-400 nm. The
products were ionized by ESI mode for their mass data.

Sample preparation

1000 pg/mL solution of teneligliptin was prepared by
dissolving the required amount of the drug in methanol.
The solution was adequately diluted with methanol for
accuracy, precision, linearity, limit of detection, and
quantification studies.

Calibration curve of Teneligliptin
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g. 2 Linearity of teneligliptin
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Table 3 Precision results of teneligliptin Table 5 LOD and LOQ results of teneligliptin

Concentration Peak height Retention time Calibration SD of the lowest LOD (ug/mL)  LOQ (ug/mL)

(ug/mL) (MAV) (min) equation concentration in linearity

300 1308 404 Y=4.105x+2281 5.03 4.04 12.259

300 1273 4.04

300 1298 406 methanol and filtered through a 0.45-um memktrane be-

300 1299 411 fore its analysis.

300 1284 4.04

300 1280 405 Photolytic degradation

Average 129033 The influence of UV light on the statility ¢ eneligliptin

standard deviation 13366 was studied by exposing the s{mple in L»‘\/ light ‘at
365 nm for 48 h. The stressed s: »ole was diluted with

% RSD 1.035

Stability sample preparation

The collected samples of acid and base hydrolysis
were neutralized with sodium hydroxide and hydro-
chloric acid, respectively. Further dilution was carried
out with methanol and the remaining stressed sam-
ples also diluted with methanol. All the samples were
filtered before analysis.

Degradation studies

Acid degradation

The teneligliptin was subjected to forced degradad wm by
acid hydrolysis using 0.1 N HCl maintained at/35 °C
48 h. The sample after the stress was neutralii. ¥ with sc
dium hydroxide and diluted with methancl anc €ltered
through a 0.45-pm membrane before it§ analysis.

Base degradation

The teneligliptin was subjectiipto forced degradation
by base hydrolysis using 0.1 N s« i maintained at
35 °C for 48 h. The s«i hle after the stress was neu-
tralized with hyds{ vhlo; ¢, acid and diluted with
methanol and fi{¢red” yrough a 0.45-pm membrane
before its analy

Hydrogen’peroxide (ne atral) degradation

Forced™ horadation of teneligliptin was studied under
thegmfluer. %0f (3 %) hydrogen peroxide maintained at
75 °C for 4& h. The stressed sample was diluted with

Table 4 Accuracy results of teneligliptin
Standard Total Peak %

Recovery Test

level (%) concentration concentration concentration intensity recovery
(ug/mb) (ug/mb) (ug/ml)

80 200 100 300 1276 1025

100 200 200 400 1632 96.5

120 200 300 500 2089 101.8

methanol and filtered throwug. » 0.50
fore its analysis.

2l membrane be-

Thermolysis degradation
The effect of inrec »d temperature on teneligliptin was
studied by hea e gmple at 69 °C for 48 h in a
refluxing apparat. » The stressed sample was diluted
with met, pl and filtered through a 0.45-pm mem-
brane befoyeits nalysis.

Va. tion
Systei suitability

= system suitability was determined by six injections
of/teneligliptin (300 pug/mL). The developed method was
round to be suitable for use as the tailing factor and peak
resolution for teneligliptin were within the limits.
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Fig. 3 Typical HPLC chromatograms of teneligliptin and its degradation
products formed. a Pure drug solution. b 0.1 N HCl. ¢ 0.1 N NaOH. d 3 %

hydrogen peroxide. e Photolysis UV light 365 nm. f Thermal 60 °C
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Table 6 HPLC data of degradation studies
S. no. Stress Stress Time (h) Drug peak Degraded product peaks
condition Esézmeters Rt Eeak ‘ Peak 1 Peak 2
Intensity Rt Intensity Rt Intensity
1 Acid 0.1 N HCl 48 5.035 594.73 - - - -
2 Base 0.1 N NaOH 48 5177 364.46 2.966 312129 - -
3 Oxidative 0.3 % H,0, 48 5299 1899.8 2519 846.61 2979 8545
4 Light UV light 48 5.150 457.29 - - -
5 Temperature 60 °C 48 5.140 60041 3.033 46.65 " N
Rt retention time N N/
Linearity Accuracy

The linearity of teneligliptin was studied from the stand-
ard concentrations ranging from 100 to 500 pg/mL. The
calibration curve of peak intensity versus concentration
was plotted, and correlation coefficient and regression
line equation were determined.

Precision

The precision of the method was determined by six (1 = 6)
injections of teneligliptin (300 pg/mL), and the % RSD of
peak areas were calculated. The obtained RSD was withi
the range (<2).
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Fig. 4 UPLC data of teneligliptin and its degradation products under
base stress

The recovery of thes/metho hwwas determined by
adding a known apfoc % of the drug to the stand-
ard concentration. The . wovery was performed at
three levels of”8C 1100, and 120 % of teneligliptin
standard cone atz The three samples were
prepared for eac hrecovery level, and % recoveries
were cal¢ sed.

Limits of detzction (LOD) and limit of quantification (LOQ)

Lie. 0D and LOQ are the lowest level and lowest con-
centr. ion of the analyte, respectively, in a sample that
. uld yield signal-to-noise ratios of 3.3 for LOD and 10
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Fig. 5 UPLC data of teneligliptin and its degradation products under

hydrogen peroxide stress
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for LOQ. These are determined from the standard devi-
ation of the peak response and the slope of the calibra-
tion curve.

Results

Method development and optimization of
chromatographic conditions

Initially, 50:50 % v/v of methanol and water was tried
on Kromasil® 100-5-C18 as a mobile phase at 1 mL/
min flow rate and we observed that the peak was not
eluted in this mobile phase. Then, 50:50 % v/v pH 7.4
phosphate buffer (basic) and acetonitrile was tried as
a mobile phase on the same column at 1 mL/min
flow rate. The peak was eluted with poor resolution
and low intensity for high concentration (1000 pg/
mL) of the drug. Then, 50:50 % v/v pH 6 phosphate
buffer (acidic) and acetonitrile was tried as a mobile
phase on Kromasil® 100-5-C18, and greater intensity
and peak broadening were observed. Then, for better
resolution, 60:40 % v/v pH 6 phosphate buffer and
acetonitrile was modified as a mobile phase at 1 mL/
min flow rate. Sharp peak, good intensity, and good
retention time were observed in isocratic mode of
elution. The system suitability was performed, and the
results were found to be within the limits (Table 17.

P -
11-May-2016
TGa
11052016_4 Sm (Mn, 5x1) 2: MS2 ES-
- 0.52 TIC
95 N 1.90e8
[
[
I
||
|
\‘ |
||
[ 3.87
» =] | ™
I 2 ‘
|| 136 D N
| N N
| - ~
. . .
T MabAeatns. ‘g i atas ansiasas sests
050 100 1507 Z 250 200, 350 400 450 500
11052016_4 Sm (Mn, 5x1) 1: MS2 ES+
~ ) i
95 ‘H 9.66e9
|
il
I
Il
| 288
/ S~
o / ~
b [ / \ago
| 043 | / A
1\ | A / \
/AN _J A

0.0 100 150 | 200 | 250 300 350 400 450 = 500
10520 a0 5x1) 3: Diode Array
128 Range: 1.216e+2

6.0e+1

AU

4.0e+1 ‘ ‘

0.41

2.0e+1 I 3.80

or
QLA/M /‘

—

A aasas: Alsasiaaaziasa IMAaaanssas) ime
0.50 1.00 1.50 2.00 250 3.00 3.50 4.00

4.‘50 ' ZO(;”
Fig. 6 UPLC data of teneligliptin and its degradation products under
thermal stress
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Linearity with 0.99 regression coefficient was observed
at the concentration range of 100-500 pg/mL tabu-
lated in Table 2, and the calibration curve is depicted
in Fig. 2. The method was validated for the parame-
ters, precision, accuracy, and LOD-LOQ as per the
guidelines and tabulated the results in Tablesa3, 4,
and 5, respectively. The results of validatién \were
within the limits.

Stability studies

Teneligliptin was stressed under duferer. \conditions,
and the samples were subjected’ to HPLC jseparation.
Significant degradation product |, aks were observed in
basic, neutral (hydrogen pefc. He), = “sthermolysis con-
ditions. The teneliglipti’ was 1v_ad to be stable under
acidic and photolysis«Cc. litions. rhe chromatograms of
pure drug and its_stressea’ woples are shown in Fig. 3.
The peak intensitie; ind retention times of the degraded
product peals™ wrid _Tiwess conditions are tabulated in
Table 6. The UPL. hdata is depicted in Figs. 4, 5, and 6
for the ba_ yhvdrogen peroxide-, and thermally stressed
samples, respec..vely. The respective mass spectra are
shown in Figs. 7, 8, and 9. From the mass spectral data,
the, hagmentation pattern of teneligliptin was depicted.
The | agmentation patterns of the base-, peroxide-, and
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Fig. 7 LC/MS/MS-ESI data of teneligliptin and its degradation
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Fig. 8 LC/MS/MS-ESI data of teneligliptin and its degradation
products under hydrogen peroxide stress

thermally stressed teneligliptin are depicted in Fi_s. 10,
11, and 12, respectively.

Characterization of the degrada »= products

The molecular ion peak for teneligi.. 7 was observed at
427.22 in ESI mode. J&{' e baje-stressed sample, the
fragments of 354.304 5 a, atention time of 1.195 min,
310.30 and 214.19%t a*_ ‘ention time of 1.345 min, and
178.73 and 155 hat a ret. .ition time of 1.205 min were
observed. In tae pc xide-stressed sample, the fragments
of 138.02"and 136.15 were observed at a retention time
of 1.66¢ hnn1.467 min, respectively. In the thermally
steammed sa. mlef the fragments of 375.72 at a retention
“me | f 0.455 min and 214.20, 310.31, and 155.69 at a
re. ¥iuos ame of 1.325 min were observed. There are no
degr. »iion peaks for teneligliptin in acid- and UV-stressed
conditions.

Discussion

Teneligliptin is an antidiabetic drug recently approved
by the FDA. There are no reports available for the stabil-
ity of the drug and their possible degraded products till
date. In the present research work, we aimed to perform
stability studies on teneligliptin and develop and validate

50! 100 150 200 250 300 350 400 ' 450 500 550 600 650 700 750 800

iq. 4 LC/MS/MS-ESI data of teneligliptin and its degradation
‘  oducts under thermal stress

a method for its estimation and identification by RP-
HPLC. A new RP-HPLC method was developed and
validated for teneligliptin as per the ICH guidelines and
used as a stability-indicating method. The teneligliptin
pure drug was used for the study and stressed under
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Fig. 10 Fragmentation pattern depiction of teneligliptin under base

stress
- J




Ganesh Kumar et al. Journal of Analytical Science and Technology
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Reactions & Conditions: i. Reflux with presence of 3 % hydrogen peroxide at 35°C for 48 hours.

Fig. 11 Fragmentation pattern depiction of teneligliptin under
hydrogen peroxide stress

acid, base, neutral (hydrogen peroxide), UV photolysis,
and thermal conditions. The HPLC analysis of the
stressed samples has shown that no degradation oc-
curred under the influence of acid and UV light. But the
stressed samples under base, peroxide, and thermal
have presence of the degraded products, which was
observed as separate peaks in HPLC other than the
teneligliptin. The obtained degraded samples were
further analyzed by UPLC/MS/MS, to identify the
products formed. The major molecular ion fragments§
formed for all the three stress conditions are difiei-
ent except 310.30 ((4-(4-(1-aminovinyl)pipes{ n-i:
yl)pyrrolidin-2-yl)(thiazolidin-3-yl)methanone), 214.39 (1 -
diethyl-1-phenyl-1H-pyrazol-5-amine), and 155 5 (1-(py:
rolidin-3-yl)piperazine) were observed iny both = e and
thermal stress conditions. A characterigtic 354.30 (4 4-(1-
ethyl-3-methyl-1H-pyrazol-5-yl)pipera’ n-1-yl)-N-(mercap-
tomethyl)-N-methylpyrrolidine-2-carbc. mideYand 375.72
((4-(4-(3-methyl-1-vinyl-1H-pyra w'.5-yl) piperazin-1-yl)pyr-
rolidin-2-yl)(thiazolidin-3-yl)methqno:.., "holecular ion peak
was observed in base U Nition {and” thermal condition,

(o)
. H,N /\ N/>
L %N N (.
—— \ / NH S
N AN
N / \ N
I -N N | [ a3
, Y 'l NH S e 310.31
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\
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_
~ 2 d me21489
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M \_/N NH Ls / NH
€ we3rsn ¢ me130
Reactions & Conditions: i. Reflux at 60°C for 48 hours.
Fig. 12 Fragmentation pattern depiction of teneligliptin under
thermal stress
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respectively. The products formed with photolytic stress
were completely different with molecular ions at 138.08
(N,N-diethyl-1H-pyrazol-5-amine) and 136.18 (2-amino-
N-(mercaptomethyl)-N-methylacetamide), which are not
observed in other stress conditions. From the data, it
is observed that comparatively less degradatiom oc-
curred for photolysis stress than for base and{thermal
stress. The fragmentation pattern shows that' ¢ de-
graded products are similar for the base and the wal
stress samples. Further study is requitt. ¥or deterimin-
ing the degraded products’ toxicity*oy qu »tifying the
samples.

Conclusions

The present study hel#s in i< atifying the degraded
products of teneliglipc . in buik and formulations,
during their storage ana' wansport conditions. This
research workds v : first to report its stability stud-
ies with degi ted uuct identification, which is
helpful for deter: ‘ning the toxicity of the degraded
products'  Wyalso/to caution the storage conditions.
The products 1ormed could also be the starting ma-
terials during its synthesis, which has to be studied.
Ful der study is required for establishing the toxicity
nrofii. | of the degraded products, which is under
bhcess.
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