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ABSTRACT

The purpose of this research work was to developosel, sensitive and accurate analytical method for
guantification of 12 residual solvents in Dapagi#in Amorphous by using a static headspace gasvdwiagraphy
(HSGC) coupled with flame ionization detector (FINlethanol, Ethanol, Diethyl ethernViethyl acetate,
DichloromethaneEthyl acetateTetrahydrofuranCyclohexanelsopropyl acetatelMethyl isobutyl ketond,oluene,
Chlorobenzene as residual solvents were determimé&hpagliflozin Amorphous. The separations ofré&idual
solvents were achieved on DB-624 (60 meters x0.881/M, 3.0um) column. Nitrogen was used as a carrier gas
with constant pressure 7.0 psi. As a sample dilireat headspace sampling, N-methyl-2-pyrrolidone welected
owing to its high capacity for dissolving Dapagiifin Amorphous sample. Excellent correlation ceatfbetween
peak responses and concentrations were > 0.993@. réboveries of all 12 solvents spiked in Dapaugifh
Amorphous were in the range from 97.1% to 103.0#hitLof quantitation for all 12 solvents were sciintly
lower than limits specified by ICH. In the proposedthod, USP resolutions between all the 12 sadweete more
than 1.6. The method has validated as per Inteonati Conference on Harmonization (ICH) guidelinasprecise,
accurate, linear and robust Headspace Gas Chromafalyy method was developed for the quantificatibri®d
residual solvents in Dapagliflozin Amorphous.

Keywords: Dapagliflozin Amorphous Residual solvents, Method development, Static hmsos Gas
Chromatography, Method validation, |QG}didelines.

INTRODUCTION

Residual solvents in pharmaceuticals are termeadrganic volatile impurities. These chemicals aredusr
produced in the manufacture of drug substancesidi®assolvents hazardous to health. They can motkigy
properties of drug substance and impact on stalufidrug substance. As per the US-FDA and USP<4fetreral
chapter specifies for the control of the residudVents. Regulatory guidance document have incluatEetptable
limits for these residual solvents Q3C issued g/ fBH [1].Hence it is necessary to control the sotg by the
procedure of the manufacturing of the drug substanc

Dapaglifiozin  Amorphous is chemically (2S,3R,4R&%)-2-[4-chloro-3-(4-ethoxybenzyl)  phenyl]-6-
(hydroxymethyl)tetrahydro-2H-pyran-3,4,5-triol.witholecular formula &H,sClOs. Dapagliflozin is an inhibitor

of sodium-glucose co-transporter 2 (SGLT-2) in depment for the treatment of Type 2 diabetes. Dafagn

was approved by US food and drug administration AFCDiabetes mellitus type 2 is a long term metabol
disorder that is characterized by high blood suigaylin resistance, and relative lack of insulinfommon
symptoms include increased thirst, frequent urgmati and unexplained weight loss. Symptoms may also
include increased hunger, feeling tired, and stias do not heal.[3] Often symptoms come on sld&]y.ong-
term complications from high blood sugar includartedisease, strokes, diabetic retinopathy which wsult
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in blindness, kidney failure, and poor blood flawthe limbs which may lead to amputations.[4] Thdden onset
of hyperosmolar hyperglycemic state may occur; hawreketoacidosis is uncommon.[5][6].it occurs with
increasing prevalence in the elderly and those witler comorbidities. Blood glucose control presemthallenge
that is magnified by these co-existing problems.&aEbieve glycemic targets, many patients need ri@e one
antidiabetic drug, and additional medications dterorequired as glucose control deteriorates [7].

From the literature review there were few analytiogethods have been reported for Dapagliflozin sash
spectrophotometry, HPLC and LC-MS/MS methods [8T4ére was no reported method for the determinadfon
Residual solvents in Dapagliflozin Amorphous by Ghsomatographic method. The major objective ofptesent
work is to develop a simple and robust GC methaddfetermination of 12 Residuablvents in Dapagliflozin.
Hence, a reproducible Gas Chromatography with cstagiadspace method was developed for the quavaitati
determination of 12 Residusblvents in Dapaglifiozin Amorphous.

This method was successfully validated accordinthéolnternational Conference Harmonization (ICijdglines
[15].

Fig 1: Structure of Dapagliflozin Amorphous

MATERIALS AND METHODS

Chemicals and reagents

Dapaglifiozin Amorphous was prepared and providgdb.Reddys laboratories limited, IPDO, Hyderablutlia.
Methanol, Ethanol, Diethyl ether, Methyl acetatécHlbromethane, Ethyl acetate, Tetrahydrofuran,|@yexane,
Isopropyl acetate, Methyl isobutyl ketone, Tolue@jorobenzene and N-methyl-2-pyrrolidone were pased
from Merck, Germany.

Instruments and software

A calibrated electronic single pan balance Mettiéedo. All analysis performed on

GC1: Agilent 6890 module equipped with FID detector dtehdspace G1888.

GC2: Agilent 7890 module equipped with FID detectod &teadspace G1888.

GC1 and GC2 were monitored with Empower-3 softw@kéaters Corporation, Milford, MA, USA). Microsoft
Excel 2007 was used for analysis of validation ltasu

Method development and Optimization of Chromatograhic conditions

The main goal of method development was to achsamaration of Methanol, Ethanol, Diethyl ether, &t
acetate, Dichloromethane, Ethyl acetate, Tetraliycma, Cyclohexane, Isopropyl acetate, Methyl iggbketone,
Toluene, Chlorobenzene as residual solvents wetermined in Dapagliflozin Amorphous. An understagdof
the nature of the various residual solvents pregenAPl is the foremost prerequisite for successhdthod
development in HSGC. Following were the stepwisatsgies for the method development in our case.

Column selection

The primary goal of column selection was to resdbtal 12 residual solvents from each other, whighte used
during the synthesis of Dapagliflozin Amorphous. part of method development screened various caumn
namely AT-1, AT-5, and DB-WAX were employed but adequate separation was found with above columns.
After careful screening of columns, it was obsertteat DB-624 column provides better resolution lesw all 12
solvents and it showed good system suitability petars.

Selection of Ramping rate

Selecting appropriate ramping to get good separdi@ween the solvents also essential. Three raypie were
tried at 3°C/min, 8°C/min and 20°C/min. At 3°C/ntime retention time was very high and runtime isglopoor
separation was observed at 20°C/min. Finally, 8i€Avas optimized.
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Flow rate
As the flow rate increase, the viscosity of cargas decreased and velocity increased. Check tve fiéte from 4
psito 12 psi. Flow rate 7.0 psi was selectedredized flow rate.

Selection of diluent

Diluent selection study was conducted for the hpads analysis. As residual solvents are alwaybéanvery low
level it was preferred to use the headspace asatgsnpare to liquid injection mode of analysis. FFdiluents had
been tried Nmethyl-2-pyrrolidone, Dimethyl formamide, Dimethsdilphoxide and Dimethyl imidazolidine. Chloro
benzene and Dimethyl formamide are close to edutrobDimethyl sulphoxide and Dimethyl imidazolidigie the
interference at the solvents peaksmithyl-2-pyrrolidone was finalized as diluent besmof no interference at the
solvents peaks and sample was highly soluble-methyl-2-pyrrolidone.

Head space method optimization

The headspace method was optimized in such a vedynmbximum amount of solvents present in the samete
evaporated for the detection. For this the standadisample vials were heated at 70 to 110°C 20 Bain with
constant shaking. A combination of sample vial imgaat 90°C with 10 min shaking was found to bdahle for
getting a good response.

Table 1: Optimized chromatographic conitions

Column DB-624 60 meters x0.53 mm 1.D, 3.04m
Flow rate 7.0 psi (Constant pressure)
Carrier gas Nitrogen

Inlet Temperature 140°C

Injection mode Split (1:5)

Detector Flame lonization Detector
Detector Temperatur¢  250°C

Hydrogen flow 40 mL/min

Air flow 400 mL/min

Make up flow 25 mL/min

Injection volume 1ypl

Run time 45 minutes

Table 2: Column oven temperature programme

Rate (°C/min) | Temperature (°C) | Hold Time (min)
40 10
8 190 10
50 240 5

Table 3: Optimized Headspace conditions

Oven temperature 90°C
Loop temperature 95°C
Transfer line temperature 100°C|
GC cycle time 55 min
Vial equilibration time 10 min
Vial pressurization time 0.5 min
Loop fill time 0.5 min
Loop equilibrium time 0.5 min
Injection time 1.0 min
Vial shake High
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Figure 2: Typical Blank Chromatogram of Dapagliflozin Amorphous
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Figure 3: Typical Chromatogram of Dapagliflozin Amorphous sample
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Figure 4: Typical Chromatogram of Spiked Dapaglifbzin Amorphous sample

Sample solution preparation

A quantity (200 mg) of Dapagliflozin Amorphous sdmmvas accurately weighed in an Agilent 20 mL H& ke
vial and N-methyl-2-pyrrolidone (10 mL) was add@&the vial was immediately capped and sealed witrefom-
lined septum and aluminum crimp cap. The cappddmaa placed in the oven of the HS sampler.

Standard solution preparation
A stock standard solution was prepared as folldd@spL of Methanol, 127uL of Ethanol, 140uL of Digtlether,
108uLof Methyl acetate, 9uL of Dichloromethane, 141 of Ethyl acetate, 16 pL of Tetrahydrofuran, 300 of

Cyclohexane, 115 pL Isopropyl acetate, 56 pL Metisgbutyl ketone, 21 pL of Toluene and 6.5 pL of
Chlorobenzene into a 10 mL of volumetric flask @mihg about 5mL of N-methyl-2-pyrrolidone, mix adiute to
volume with the N-methyl-2-pyrrolidone. Transfe©ImL of above stock solution into 100 mL volumetfliask
containing small quantity of N-methyl-2-pyrrolidgnaix and dilute to volume with the N-methyl-2-pgtidone.
Transfer 10 mL of above standard solution into amRHeadspace vial. The vial was immediately capped
sealed as mentioned above. System suitabilitytseshbwn in Table 4.
Table 4: Result of System suitability
Diethyl [ Methyl | Dichloro | Ethyl | Tetrahydro | Cyclo | Isopropyl Methyl Chloro
Methanol | Ethanol Y Y Y Y Y propy! isobutyl | Toluene
ether | acetate | methane | acetate furan hexane| acetate ketone benzene
%RSD 1.9 2.4 0.7 1.7 2.0 2.0 1.9 1.1 2.0 2.5] 2.4 2.1
Resolution 14.5 1.8 12.3 2.0 29.5 35 4.2 7.3 30. 3.3 28

Method validation

The method has been validated as per ICH guidel2s(R1). The method was validated for the follayvin

parameters: System suitability, Limit of quantibati(LOQ) and Limit of detection (LOD), Precisioninkarity,
Accuracy, Robustness, Ruggedness and Solutiodistabi

Precision

The repeatability of the method was verified byating six individual preparations. Dapagliflozimsvspiked with
12 solvents with specification limit and the % RS3M@s calculated for 12 solvents. The Intermediatcipion
(Ruggedness) of the method was also determinee@iating the same experiment on different daysifbgrent
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analysts using different equipment. The % RSD lier 12 solvents was found to be less th&a B all the studies.
The results confirmed the high precision of thehodtwas shown in Table 5.

Table 5: Results of precision

. . Methyl
Diethyl | Methyl | Dichloro | Ethyl | Tetrahydro | Cyclo | Isopropyl | . Chloro

Methanol | Ethanol ether | acetate | methane | acetate furan hexane | acetate 'ig?:,%' Toluene benzene

%RSD at 2.9 20 1.0 1.2 1.0 0.8 17 14 0.9 23 2.7 2
LOQ

%RSD at ]

100% 13 23 0.7 11 17 13 1.7 0.9 1.6 3.0 2.1 2.

%RSD at ]

150% 1.6 2.8 0.2 11 1.9 15 1.6 05 1.8 2.6 2.3 1.4

%RSD at 0.9 19 0.8 14 21 19 11 0.9 2.9 19 19 24

Ruggedness|
Accuracy

Recovery experiments were conducted to determiaeatituracy of the method for the quantificationthef 12
solvents in Dapagliflozin. The study was condudigdspiking to the test sample (20 mg Milwith known amount
of 12 solvents at LOQ, 50, 100 and 150% in trigkcandividual and average recoveries of three gnatons and at
four concentrations for 12 solvents were within #8% was shown in Table 6.

Table 6: Results of Accuracy

. . Methyl
Diethyl | Methyl | Dichloro Ethyl Tetrahydro Cyclo Isopropyl | . Chloro
Methanol | Ethanol ether acetate | methane | acetate furan hexane| acetate 'ig?:nt)él Toluene benzene
0,
A’;efg‘gry 97.9 1014 | 1010| 971 1020  103p 102.4 101.7 102}6 102.3 102.0 101.6
0,
Recovery | g 99.2 08.7 98.0 97.6 97.3 98.6 98B 98.4 oglo 839 994
at 50%
0,
A’aﬁel%f’ovogfy 98.5 1005 | 100.1| 100.0 100.8 100B 99.1 100.4 10017 101.2 101.6 101.2
0,
oRecovery | gq g 100.4 97.5 98.1 99.9 98.5 98.6 99.p 99.¢ 99|13 99.8 99.1
at 150%

Limit of detection and limit of quantification

The limit of detection (LOD) and limit of quantifition (LOQ) for 12 solvent in Dapagliflozin Amorph® were
estimated at signal-to-noise ratios of 3:1 and 1@&4pectively, by injecting a series of dilutetlsons with known
concentrations. A precision study was also condlatehe LOQ level by injecting six individual pasgtions of 12
solvent in Dapagliflozin Amorphous and calculatithg % relative standard deviation (RSD) of the @Rents
areas. The accuracy at LOQ level was evaluatediplicate for the Dapaglifiozin Amorphous by spigirthe 12
solvents at the estimated LOQ level to the teattsnl. The limit of detection (LOD) and limit of gatification
(LOQ) for 12 solvent were listed in Table 7.

Table 7: Result of LOD and LOQ

Limit of Detection (LOD) and Limit of Quantificatio n(LOQ) with respect to test concentration in PPM
. . Methyl
Methanol | Ethanol Diethyl | Methyl | Dichloro | Ethyl | Tetrahydro | Cyclo | Isopropyl isobutyl | Toluene Chloro
ether acetate | methane | acetate furan hexane| acetate ketone benzene
LOD
in 14 22 2 13 34 9 5 2 9 14 8 25
PPM
LOD
in 50 77 5 31 143 32 18 6 32 a7 27 87
PPM
Linearity

Linearity solutions for the 12 solvents were prepgiaby diluting individual solvent stock solutiorts the required
concentrations. The solutions were prepared agreifft concentration levels from the limit of qufioéition (LOQ)
to 150%. The result of linearity table was showitable 8.
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Table 8: Linearity

. . Tetra Methyl
Linearity | Methanol | Ethanol Diethyl { Methyl | Dichloro | Ethyl hydro Cyclo | Isopropyl isobutyl | Toluene Chloro
ether acetate | methane | acetate furan hexane| acetate ketone benzene
Slope 3.26 2.74 4247 735 1.39 64 110 4170 266.| 362 5.75 164
y-intercept 451 211 | 9489 103 0.68 625 193 0.95 453 0.17 0.31 -0.03
Y_
'm‘igc;‘/fat 2.3% 5% | 220 |  1.4%|  40w| 104 1246 1.5% 0.79 01%03% | -0.3%
conc.
Egéﬁ'c"’}gﬁ? 0.9960 | 09959 0997d 09968 09940 09968 0.9967997a.| 09968 | 0.9956] 09958  0.993

Table 9: Robustness- Variahility from colomn oven initial Temperature

%% RSD Resolution

Solvent name 35°C | 40°C | 45°C | 35°C | 40°C | 45°C
Methanol 0.9 1.9 1.4 NA
Ethanol | 24 1.9 17.1 14.5 12.8
Diethvl ether 0.5 0.7 0.5 1.6 1.8 1.9
Methyl acetate 0.5 1.7 0.9 132 12.3 114
Dichloromethane 0.8 2 1.7 1.9 2 2.1
Ethyl acetate 0.6 2 1.2 293 295 283
Tetrahvdrofuran 0.6 1.9 1.1 33 3.5 3.6
Cyclohexane 0.3 1.1 0.6 41 42 42
Isopropyl acetate 0.6 2 1.3 7.6 73 6.9
Methyl isobutyl ketone 1 25 25 30.1 30.2 30.1
Toluene 1 24 23 33 33 33
Chlorobenzene 2 31 3.1 286 288 29

Table 10: Robustness- Variability from carrier gas flow rate

LeRSD Resolution
Solvent name 6.3 psi | 7.0 psi|7.7 psi| 6.3 psi| 7.0 psi| 7.7 psi

Methanol 1.4 1.9 1.1 NA

Ethanol 19 24 14 14.7 14.5 14.4
Diethyl ether 0.5 0.7 0.6 1.8 1.8 1.7
Methyl acetate 1 1.7 0.6 12.7 12.3 11.9
Dichloromethane 1.6 2 0.9 21 2 1.9
Ethyl acetate 1.2 2 0.8 283 295 30.5
Tetrahvdrofuran 1.1 1.9 0.6 37 35 33
Cyclohexane 0.7 1.1 0.5 43 42 41
Isopropyl acetate 1.4 2 0.9 7 7.3 7.5
Methyl isobutyl ketone| 2.4 25 2 303 30.2 299
Toluene 24 24 1.9 335 33 i1
Chlorobenzene 28 31 2.1 282 288 291
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Table 11: Robustness- Variahility vial equilibration time

LeRSD Resolution
Solvent name 5 min |10 min|15 min| 5 min [10 min| 15 min

Methanol 1.9 1.2 1.7

Ethanol 24 1.1 1.6 145 14.6 15
Diethvl ether 0.7 04 0.3 1.8 1.7 1.8
Methyl acetate 1.7 | 0.8 12.3 12.2 12.3
Dichloromethane 2 1.5 1.2 2 2.1 1.9
Ethyl acetate 2 21 1 295 294 294
Tetrahvdrofuran 1.9 1.2 1 35 33 34
Cyclohexane 1.1 1.1 0.4 42 42 43
Isopropyl acetate 2 0.9 1.1 7.3 7 7.1
Methyl isobutyl ketone| 2.5 1.1 1.8 302 30 30.1
Toluene 24 2 1.7 33 iz 33
Chlorobenzene 31 i4 26 288 285 286

Table 12: Robustness- Variahility from vial oven temperature

LoRSD Resolution

Solvent name 85°C | 90°C [ 95°C | 85°C | 90°C [ 95°C
Methanol 22 19 0.8 NA
Ethanol 3 24 14 14.5 14.5 147
Diethyl ether 0.6 0.7 0.2 1.8 1.8 1.8
Methyl acetate 1.3 1.7 0.6 123 123 12.2
Dichloromethane 22 2 1 2 2 2
Ethyl acetate 1.9 2 0.8 296 | 295 296
Tetrahvdrofuran 1.7 1.9 0.8 35 35 35
Cyclohexane 0.9 1.1 0.4 42 42 42
Isopropyl acetate 22 2 0.9 73 7.3 73
Methyl isobutyl ketone | 4.1 25 1.7 30.2 302 302
Toluene 3.8 24 1.6 33 33 33
Chlorobenzene 3.7 31 2 287 288 288

Robustness

Robustness was studied by altering chromatogragariditions like flow rate, column oven temperatileadspace
oven temperature and Headspace vial equilibratina.tThe method was more robust within the nornperating
range, i.e., flow rate, 7.0 £ 0.07 psi and columerotemperature, 40+5 °C, Headspace oven temper@@#5 °C
and Headspace vial equilibration time 105 min. destrating the robustness of the method shown bierTa to
Table 11.

Solution stability
The results from solution stability experiments fooned that sample solution and Dapagliflozin Amuops spiked
test solutions were stable up to 24 hours at R@wnperature.

RESULTS AND DISCUSSION
Based on the results, the successful separatitredf2 solvents from each other. All the validgbadameters were

found to be within limits. System suitability forigjections % RSD was found to be NMT 3.8%. Precisit LOQ,
100% and 150% were found to be NMT 2.9%, Accurady@Q, 50% 100% and 150% were found to be 97.1% to
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103.0%. Linearity was performed from LOQ to 150% gmnaph obtained was linear showing correlatiorffaent
> 0.9936.

CONCLUSION

A simple, sensitive and cost effective Static hpade gas chromatographic method was developed aitthted
for the quantitative determination of the 12 Realdsolvents in Dapaglifiozin Amorphous. All the 1@sidual
solvents were well separated from each other, atidig that the developed GC method was specifie fiethod
validation data showed satisfactory results fortedited method parameters. This simple GC methqueisise,
accurate, linear and rugged. Hence, it is proved developed method can be used for routine testirguality
control laboratories for estimation of 12 residsalvents in Dapagliflozin Amorphous. The methodser-friendly
and robust to operate.
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