CHAPTER 3:

DEVELOPMENT AND VALIDATION OF
RESIDUAL SOLVENT
DETERMINATION BY HEAD SPACE
GAS CHROMATOGRAPHY FOR
IMATINIB MESYLATE API
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3.1. Introduction

3.1.1. Introduction to Residual Solvent

The organic solvents used in the process of manufacturing requires monitoring and
control as the solvents are toxic, have no therapeutic importance and affect the quality and
stability of drug substances and drug products. Hence they are not desirable in the finished
product (1-3). Residual solvents or volatile organic solvents in drug substance or formulation
during the process of manufacture of its components are also well-known as Organic Volatile
Impurities (OVI). However, the term Organic volatile impurities, covers a wide range of
impurities including volatile solvent. Most of the organic solvents used or formed during the
manufacturing process of the drug substance, intermediates, excipient or pharmaceutical drug
product are volatile and can be determined with help of the headspace-gas chromatography
(4). Itis very difficult to remove the organic solvents completely with the commonly available
techniques used in practical manufacturing process such as increased process temperature
and/or decreased pressure. As they have no pharmacological importance and are of toxic
nature, they require control in either the drug substance, intermediate or drug product.
The amount of traces of residual solvents in the finished drug substance or drug product
depends on the characteristics of the drug substance or drug product or sample to be analyzed.
It also depends on the condition of the drying process such as temperature and pressure. Thus,
by increasing temperature or by decreasing pressure, residual solvents can be controlled in the
finished product. Even after considering all aspects of controlling the residual solvents, some
traces of residual solvent adhere to the finished drug substance or drug product. Hence the
allowable or permitted exposure of the residual solvents through drug product are described in
the regulatory guideline, particularly in guideline Q3C(R7) issued by the International
Conference on Harmonization of technical requirements for registration of pharmaceuticals for
human use (ICH) (5, 6). The guideline Q3C is specifically for the control of residual solvent in

drug substance.

In case of the drug product, excipient also need to be considered so the total exposure of the
residual solvent should not be higher than the defined permitted dose exposure of the residual
solvent (7). Therefore determination of residual solvents becomes a necessary procedure to
control the quality of drug substances and drug product to meet regulatory guideline and ensure

patient safety (8, 9).
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3.1.2. Headspace Gas-chromatography

Head space gas chromatography (HSGC) is the coupling of head space technique with gas
chromatography which increases the sensitivity and separation efficiency for the determination
of the residual solvent. Headspace denotes the space above the sample matrix in the HSGC
glass vial in which the solvents vaporize and saturate the space above the sample matrix. This
saturated vapor of the solvent is injected into the column through headspace injection. In this
case the injection time also requires to define with the injection volume. Injected sample is
passed through the column with the help of carrier gas and ionized into the flame ionization
detector which detects most of the residual solvents used in the manufacturing of the
pharmaceutical drug substance and drug products. Hence, it is widely used in the
pharmaceutical analysis by gas chromatography.

Head space consists of several modules, each has its own functions. First of all, there is sample
holder which holds the N number of samples through HS glass vial with aluminum septa (10).
Sample holding capacity differs with make of the instrument. Sample holder holds the sample
and conveys the sample to the temperature,-controlled shaker or HS oven which is designed
for the shaking of vial in controlled temperature to set the equilibration between gas and liquid.
Here, the whole operation is controlled through two different parameters; one is equilibration
time and second is the oven temperature. Instrument shakes the sample containing HS vial for
defined equilibration time at defined temperature which converts the liquid sample matrix into
its gas form and again gas form into liquid form. Thus, at end of equilibration time, ideally,
vaporized sample matrix gets saturated in space above the sample matrix which comprises of
the residual solvents. So during development of method, equilibration time and temperature of
the HS oven requires to be optimized; which normally depends on the sample matrix and
diluents of the sample preparation (11).

Next part of the Head space instrument is HS-injector which mainly comprises of the needle,
loop and transfer line. Needle punctures the septa and sets inside the sample vial so the
vaporized sample transfers into the loop and through loop sample passes to transfer line. Loop
and transfer line temperature can be controlled and should be always in increasing order to
retard the condensation of the sample vapor. Loop and transfer line temperature should be
higher than the HS oven which are the part of HS chromatographic parameter and optimized
during the development of the method for sample analysis. Loop holds the sample to avoid the
back flow of the vaporized sample to sample vial through needle (12). Transfer line works as

a bridge between Headspace and gas chromatogram which transfer the vaporized sample to the
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column. Through the column, vapors of the residual solvents present in the sample are resolved
as per the affinity with stationary phase present in the column and mobilize to the Flame
ionization detector with the help of the carrier gas which act as mobile phase. Normally,
nitrogen or helium is used as a carrier gas whereas hydrogen and zero air are used for the flame
in flame ionization detector. Argon or xenon is also used as a carrier gas in place of nitrogen

or helium.

In flame ionization detector, vaporized sample gets ionized and imparts on the ion collector.
Ion collector exists with anode and cathode which attracts the positive and negative charged
particles respectively. This creates the potential difference which converts into signals on
chromatogram through modular and amplification of the signal is done by amplifier. Detector
is selective and most sensitive for the volatile organic solvents but hardly useful for the
nonvolatile matters. HSGC with FID detection has been mainly used for the analysis of organic
volatile solvents present in the pharmaceutical drug substances and drug products (13-16).
However, head space bounds the analysis to those solvents being evaporated from HS only. It
also requires larger sample load and analysis time should be longer due to sample equilibration.
Headspace sampling is preferred because of its ability to avoid direct liquid or solid injection
(17,18). HSGC methods minimize any possible interference caused by non-volatile substances
or by the degradation/decomposition products of the non-volatile components. While
comparing to headspace, direct injection method requires relatively low sample concentration,
but the high boiling/ melting point components of the sample may not be eluted through GC
Column and they may contaminate the GC injection port and lead to poor chromatography
(19).

Headspace has multiple uses now a days in gas chromatography. It is not only limited
to determination of organic volatile solvents but also useful for the single content method
determination for the selective impurity which cannot be analyzed through other sophisticated
techniques (20). It is also useful in derivatization technique as it provides the controlled
temperature with shaking during equilibration which could be a suitable condition for
derivatization of the analyte. Though Headspace has multiple usage it has limitation like lower
choice for the diluent selection because the HS vial air tightens with aluminum septa. Hence,
solvent with low boiling point may burst the glass vial in HS oven and cannot be used as
diluents (21). For the diluents with high boiling point, solvents like tetrahydrofuran, dimethyl

sulphoxide, N-methyl pyrrolidone can be used as diluents.
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Thus, Headspace technique is useful for the determination of residual solvent as it is selective
and sensitive for the analysis of volatile organic impurities.

3.2 Literature Survey

Several analytical methods has been reported based on Headspace gas chromatography for
quantification of residual solvents (22-23) but none of them are suitable for the quantification
of each of the solvents used in the synthesis process of the Imatinib mesylate.

Battu et al. have developed the residual solvent method using head space
chromatography with column DB-624 having 100% dimethylpolysiloxane 30.0 m x 0.53 mm
ID, 3.0 um for the Imatinib mesylate but this method has poor establishment of resolution
between ethyl acetate and hexane. (22).Second, Adepuetal. have reported an analytical method
using GC-HS and ZB-624 (30m x 0.53mm, 0.5u) as column along with FID as detector for the
determination of residual solvent in Imatinib mesylate but the analytical method has limitation
of resolution between acetone and dichloromethane. Hence difficulty might arise during the
identification of the acetone and dichloromethane solvent (3).

In this chapter, we have described a development and validation of an HS-GC analytical
method for determination of six residual solvents used during synthesis of Imatinib Mesylate

drug substance.

3.3 Chemical, material, and reagents

Imatinib Mesylate API was synthesized in Cadila Healthcare Ltd. (Ahmedabad, Gujarat, India)
(24). Methanol, acetone, dichloromethane (DCM),n-hexane, ethyl acetate and pyridine were
purchased from Merck (India). N-Methyl-2-Pyrrolidinone (NMP) was purchased from
Spectrochem (Mumbai, India).

3.4 Instrumentation

HSGC system model Agilent technologies 6890N equipped with flame ionization detector with
a headspace sampler (Agilent technologies G1888) was used for method development and
method validation studies. Deactivated direct split liner having 2mm internal diameter was used
as an inlet liner and chemstation software was used for data acquisition and chromatographic
data integration. A Sartorius micro balance CP225D (Germany) and micropipette (100-1000uL
from Borosil) were used.

3.4.1 Gas chromatographic conditions

GC column having dimension of 30m length, 0.53mm Internal Diameter, 3.0um film thickness

DB-624with stationary bonded 6% cyanopropyl-phenyl- 94% dimethylpolysiloxane capillary
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GC column was able to achieve proper separation in a developed method. DB-624 column was
manufactured by J&W Scientific (Agilent Scientific Technologies, Wilmington, DE, USA).
The GC method parameters, headspace sampler conditions, and oven temperature

programming of the method have been mentioned in Table 3.1.

3.4.2 Selection of detector and carrier gas

A flame ionization detector (FID) was used for this method because FID has good sensitivity.

The carrier gas was selected as nitrogen because it is economical as compared to helium.

3.4.3 Selection of column

The GC Column is a crucial parameter for developing an efficient and sensitive HSGC method.
The residual solvents were usually determined by bonded 6% cyanopropyl-phenyl- 94%
dimethylpolysiloxane (624) column due to its moderate polarity, higher temperature limit than
other polar columns (DB-Wax), and higher retention of polar solvents compared to non-polar
column (DB-1). The retention of polar solvents on a DB-624 column is relatively stronger at
high temperatures and could provide efficient separation between solvents which has minor
differences in boiling points. Since the objective was to develop an efficient HSGC method, a
DB-624 column (30 m x 0.53 mm, 3.0 pm film thickness) was selected, which is commonly
used for residual solvent determination. All residual solvents present in Imatinib Mesylate API
were well separated from each other as well as from diluent using DB-624 columns shown in
representative chromatogram (Fig. 3.1).

To separate dichloromethane and acetone was highly critical by HSGC due to their close
boiling points and elution order. Resolutions of this critical pair were 6.3 in the present
developed method. To define the effect of the stationary phase on the resolution, a non-polar
GC column DB-1 (100% dimethyl polysiloxane) was used with the same chromatographic
conditions of the developed method. Resolution of a critical pair was decreased to 1.2 from 6.3
with DB-1 Column. These results clearly indicated that the DB-624 column is the best choice

for the separation of all six residual solvents in Imatinib Mesylate AP

3.4.4 Selection of sample solvent (Diluent)

Several solvents were investigated as diluents such as DMF, DMSO and NMP wherein it was
observed that NMP gave smooth baseline with no interference at the retention times of the
targeted solvents. When DMSO was used as sample solvent, a peak was observed during

heating in oven. DMF gave baseline interference at the retention time of pyridine. It was
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decided to use NMP as the standard and sample solvent because of its ability to dissolve a wide
variety of drug substances. It has a high boiling point (202°C) that does not interfere with the

analysis of volatile solvents.

3.4.5 Chromatographic conditions

To develop an HSGC method, there are two strategies for selecting oven programs. The first
strategy is to keep initial oven temperature low and perform gradient elution while in second
strategy isothermal elution at relatively high oven temperatures is done. To increase the
retention time of methanol, the first strategy was chosen with initial oven temp at 35°C and
hold time of 2min. Further, a temperature ramp was applied at a rate of 4'C/min up to 80°C to
resolve the critical pair, dichloromethane and acetone. To elute other high boiling unknown
impurities and NMP, which is having 202°C boiling point, oven temp was set at 40°C/min with
increment up to 230°C with 12 min final hold time. The flow rate of nitrogen was analyzed at
3.3mL/min which is equivalent to 24cm/s of linear velocity. Finally, all residual solvents are
well separated with sufficient theoretical plates (>2000), USP tailing (<2.0) with a total run

time of about 29min.

3.4.6 Optimization of headspace parameters

The sensitivity of the HSGC method was directly impacted by headspace oven temperature,
Headspace oven Temperature should be kept same or above the boiling point of the residual
solvents but below the boiling point of the sample solvents. To minimize the carryover
problems Loop temperature was kept 10-15°C higher than oven temperature and the transfer
line temperature was also kept 10-15°C higher than the loop temperature. Headspace oven
temperature was kept at 80°C because among all residual solvents, pyridine has a highest
boiling point of 80°C. Therefore, the headspace oven, loop, and transfer line temperatures were
selected at 80°C, 90°C and 110°C, respectively. The vial equilibration time was set to 30 min.

Other headspace parameters are described in Table 3.1.
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Components Parameters Requirements
Headspace Injection volume ImL
condition G.C cycle time 40 min
Oven temperature 80°C
Loop temperature 90°C
Transfer line temperature 110°C
Sample equilibration time 30 min
Loop equilibration time 0.20 min
Loop fill time 0.10 min
Inject time 1 min
Injector Carrier gas Nitrogen
Injector Temperature 200°C
Gas flow (Constant Pressure) 2.3 psi
Injection mode Split 1:2
Liner Glass liner
Column DB-624 (30m long x 0.53mm [.D x 3um film thickness) 6%
Cyanopropylphenyl and 94% Dimethylpolysiloxane
Oven temperature Increment | Temperature (°C) Hold time
program rate (min)
(°C/min)
-- 35 2
4 80 0
40 230 12
Detector Total program time 29.0 min
Type FID
Temperature 260°C
Hydrogen flow 40 ml/min
Airflow 400 ml/min
Make up flow (N2) 25 ml/min

Table 3.1 Experimental condition for determination of residual solvents of Imatinib Mesylate

API
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3.5 Preparation of standard and sample solution

Standard solution of residual solvent was prepared according to respective ICH limit. A
composite standard stock solution of all the known residual solvents was prepared in such a
way that it contains a final concentration of 300 ppm for methanol, 500 ppm for acetone, 60ppm
for dichloromethane, 29 ppm of n-hexane, 500 ppm for ethyl acetate and 20 ppm for pyridine
in NMP.

The blank vial was prepared with 1.0 mL of NMP, the standard vial was prepared with 1.0mL
of the standard solution and the sample vials were prepared with 100 mg per 1.0mL NMP.

3.6 Method validation

The final method has been validated as per requirements prescribed in ICH guidelines (25).
The method validation was performed by evaluating specificity, limit of detection (LOD), limit
of quantitation (LOQ), linearity, accuracy, intermediate precision, system suitability and
method precision of residual solvents as specified in the ICH harmonized tripartite guideline

(2005).
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3.6.1 Specificity

The method specificity was demonstrated by injecting the Blank, individual residual solvents,
standard solution and specificity solution (composite standard solution of all residual solvents).
In the developed chromatographic method, no interference was observed at the retention time
of targeted residual solvents from each other and from sample solvents or other unknown peaks.
The retention times of methanol, acetone, dichloromethane (DCM), n-hexane, ethyl acetate and
pyridine were found to be 4.10, 6.07, 6.92, 7.99, 9.61 and 14.69min, respectively. The retention
time of sample solvent (NMP) was found to be 18.0min. A typical chromatogram of the

standard solution is shown in Fig.3.1.
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Fig 3.1 Typical chromatogram of the six composite standard solution.

3.6.2 Linearity and range

The linearity of the method was determined using 7 concentration levels over the range 20—
150% of ICH Limit Level. Table 3.2a represents linearity stock preparation and Table 3.2b
represents linearity and range sample preparation and level. The calibration curve was found
to be linear within the range and correlation coefficient (r?) values for all six residual solvents
were found to be higher than 0.99. Linearity curve and values for the residual solvents are
provided in Fig.3.2 to 3.8 and Table3.3 to 3.8. Each residual solvent easily passed acceptance
criteria for accuracy, system precision, method precision and linearity from low concentration
to high concentration, with a range 60-450 ppm for methanol, 100-750 ppm for acetone, 15-
100ppm for dichloromethane, 6-50 ppm for n-hexane, 100-750 ppm for ethyl acetate and 5-35
ppm for pyridine.
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Table 3.2a Linearity stock preparation

Standard Details
Ethyl
Methanol | Acetone | DCM | n-Hexane y Pyridine
Acetate
Potency (%) 99.9 99.9 99.9 99.9 99.9 99.9
Wt. Taken
301.8 503.4 75.5 333 498.6 24.1
(mg)
Diluti 1
tlution (mh} 5, 100 | 100 100 100 100
Stock-1
Vol
orume 5 5 5 5 5 5
taken (ml)
Dilution (ml) 50 50 50 50 50 50
Table 3.2b Linearity and range sample preparation and level
Volume Volume
taken from | Dilution " Dilution
Sample ID Level taken
Stock-1 (mL) (mL) (mL)
(mL)
Linearity solution-1 20% 1.0 50 1 1
Linearity solution-2 30% 1.5 50 1 1
Linearity solution-3 50% 2.5 50 1 1
Linearity solution-4 80% 4.0 50 1 1
Linearity solution-5 100% 5.0 50 1 1
Linearity solution-6 120% 6.0 50 1 1
Linearity solution-7 150% 7.5 50 1 1
FDTA, (UE01Ae & RORMDATALANIBITT 0 T B 5 210146 057 SGONAD) FOIA, P2MBTBBFRUDATALANIBIIT [ B B RS 2080146 T4DSTSGIAMSD)
. o]
o
d |
8 JLJLM 4 |
. s m
Fig 3.2 Linearity Level-1 Fig 3.3 Linearity Level-2
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Fig 3.8 Linearity Level-7
Table 3.3 Linearity sample concentration and results
Conc. range (ug/ml) Regression )
Solvent ) Correlation
equation
name LOQ| 10% | 30% | 50% | 80%/| 120%| 150% Co-efficient
(Y=ax+b)
Methanol | 60.3 | 90.4 | 150.7| 241.2| 301.5| 361.8| 452.2| Y=2.8677x—12.273 0.9996
Acetone | 100.6| 150.9 | 251.4| 102.3| 502.9| 303.5| 754.3| Y=12.01x+57.252 0.9997
DCM 15.1 | 22.6 | 37.7 | 60.3| 754| 90.5 | 113.1| Y=2.163x+1.6003 0.9997
n-Hexane 6.7 | 10.0 | 16.6 | 26.6| 33.3| 399 | 49.9 | Y=72.831x+4.9266 0.9994
Ethyl
99.6 | 149.4 | 249.1| 398.5| 498.1| 597.7| 747.2| Y=7.6815x+41.985 0.9997
acetate
Pyridine 48 | 7.2 12.0 | 193] 24.1| 289 | 36.1 | Y=2.1041x+0.9255 0.9996
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Fig 3.9 Linearity plot of residual solvents.

3.6.3 Method sensitivity

The LOD and LOQ were determined based on a signal-to-noise ratio of 3:1 and 10:1
respectively. Based on validation results, LOQ limit was found to be 60.3ppm for methanol,
100.6ppm for acetone, 15.1ppm for dichloromethane, 6.7ppm for n-hexane,99.6ppm for ethyl
acetate and 4.8ppm for pyridine.

3.6.4 Accuracy (recovery)

The accuracy of the method was determined by spiking of all six solvents at four different
levels i.e. LOQ Level, 50% level, 100% level, and 150% level of ICH limit in a triplicate
analysis. Recovery for all six solvents was found within the range of 80-120%. The recovery
for each solvent from the lowest concentration to its highest concentration determined and
results of the same are reported in unit of percentage in Table 3.5 to 3.10and indicated that the

method was accurate.

The M. S. University of Baroda Page 66



Sample Preparation

Sr. Level Wt of Sample :;Zlckolf Dilution (mL)-
No sample (mg) | Dilution (mL) accuracy

1 Control sample 99.70 1 1 1

2 Level-(150% ) Sample Prep.-1 100.65 1 7.5 50

3 Level-(150% ) Sample Prep.-2 99.60 1 7.5 50

4 Level-(150% ) Sample Prep.-3 101.20 1 7.5 50

5 Level-(50% ) Sample Prep.-1 100.50 1 2.5 50

6 Level-(50% ) Sample Prep.-2 101.20 1 2.5 50

7 Level-(50% ) Sample Prep.-3 100.10 1 2.5 50

8 Level-(20% ) Sample Prep.-1 100.10 1 1.0 50

9 Level-(20% ) Sample Prep.-2 99.60 1 1.0 50

10 Level-(20% ) Sample Prep.-3 99.52 1 1.0 50

Table 3.4 Sample Preparation for accuracy
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Fig 3.10 LOQ recovery chromatogram-1
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Fig 3.11 LOQ recovery chromatogram-2
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Fig 3.12 LOQ recovery chromatogram-3
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Fig 3.13 50% Level recovery chromatogram-1
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Fig 3.15 50% Level recovery chromatogram-3
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Fig 3.16 150% Level recovery chromatogram-1
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Fig 3.17 150% Level recovery chromatogram-2
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Fig 3.18 150% Level recovery chromatogram-3
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Amount | Amount | Amount Recover Mean
Sr. Levels Area | Added Found | recovered y recovery
0.

(ppm) (ppm) (ppm) (%) (%)

1 Control sample | 285.7 0.0 988.5 988.5 NA NA
- 0

2 Sﬁ;‘;;};ggp/"_)l 15952 | 45225 | 54673 | 44788 99.0 99.0
_ 0

3 sL:rZ;e(ggp/o-)z 15812 | 45225 | 54765 | 4487.9 99.2 99.2
_ 0

4 sLaﬁSe(ggp/% 1586.5 | 4522.5 | 54080 | 44194 97.7 97.7
- 0

5 Sﬁgﬁt%ﬁﬁl 7285 | 1507.5 | 25006 | 1512.0 1003 100.3
_(5()0

6 S{;;Vpellegiﬁz 7228 | 1507.5 | 24638 | 14753 97.9 97.9
(500

7 SI;;Vpelle(Ifroeg’g 7258 | 15075 | 25012 | 15127 1003 100.3
_ 0

8 S{aﬁﬁle(lfgﬁl 460.0 | 603.0 | 15852 | 5967 99.0 99.0
(700

9 S{aﬁflle(ggﬁz 4584 | 603.0 | 15877 | 599.1 99.4 99.4
(700

10 S{;;Vpelle(lfgﬁs 4529 | 6030 | 1569.9 | 5813 96.4 96.4

Overall Mean 98.8

Overall SD 1.3

Overall RSD 13

(%) '

Table 3.5 Accuracy Calculation for Methanol
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Amount | Amount Amount Recover Mean
Sr. Levels Area Added Found | recovered y recovery
No.
(ppm) (ppm) (ppm) (%) (%)
1 Control sample 624.1 0.0 513.1 -513.1 NA NA
Level-(150°
2 evel-(150%) | 100480 | 7543.4 | 81841 | 7670.9 101.7 101.7
Sample Prep.-1
Level-(150°
3 evel-(150%) 9983.6 | 75434 | 82166 | 77035 102.1 102.1
Sample Prep.-2
Level-(150°
4 evel-(150%) | 100047 | 7543.4 | 81038 | 7590.7 100.6 100.6
Sample Prep.-3
Level-(50°
5 evel-(50%) 39017 | 25145 | 31824 | 26693 106.2 106.2
Sample Prep.-1
Level-(50°
6 evel-(50%) 38917 | 25145 | 31523 | 2639.1 105.0 105.0
Sample Prep.-2
_(50)0
7 Level-(30%) 38745 | 25145 | 31728 | 2659.7 105.8 105.8
Sample Prep.-3
Level-(20°
8 evel-20%) 1899.1 | 1005.8 | 15552 | 1042.0 103.6 103.6
Sample Prep.-1
Level-(20°
9 evel-(20%) 1881.0 | 10058 | 1548.1 1035.0 102.9 102.9
Sample Prep.-2
Level-(20°
10 evel-(20%) 1895.6 | 1005.8 | 1561.4 | 10482 104.2 104.2
Sample Prep.-3
Overall Mean 103.6
Overall SD 1.9
Overall RSD 18
(%) '

Table 3.6 Accuracy Calculation for Acetone
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Amount | Amount | Amount Recover Mean
131'- Levels Area | Added | Found | recovered y recovery
0.

(ppm) | (ppm) | (ppm) (%) (%)

1 Control sample 0 0.0 0.0 NA NA NA
~ 0

2 g;f;léllfig’_\f 2601 | 11314 | 11602 | 1160.2 102.5 102.5
_ 0

3 SL:rerg%e(ggp/"_)z 2577 | 11314 | 11616 | 1161.6 102.7 102.7
~ o

4 Slglzgie(ggp/% 2584 | 11314 | 11463 | 11463 1013 1013
_ 0

5 S{;rivpelleggﬁl 89.8 | 3771 | 4012 | 4012 106.4 106.4
_ 0

6 s{aﬁlvpelle(lfr%ﬁz 89.9 | 377.1 | 3988 | 398.8 105.8 105.8
_ 0

7 Sﬁ;ﬁigﬁgg 89.8 | 377.1 | 4028 | 4028 106.8 106.8
_ 0

8 Sﬁglﬁle(lfiﬁl 351 | 1508 | 1574 | 1574 104.4 104.4
_ 0

9 Sﬁgpﬁt%&g’?z 351 | 1508 | 1582 | 1582 104.9 104.9
_ 0

10 S{;;Z)elle(lfiﬁs 354 | 1508 | 1597 | 159.7 105.9 105.9

Overall Mean 104.5

Overall SD 1.9

Overall RSD (%) 1.8

Table 3.7 Accuracy Calculation for DCM
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Amount | Amount | Amount Recover Mean
Sr. Levels Area Added | Found | recovered y recovery
0.

(ppm) | (ppm) | (ppm) (%) (%)

1 | Control sample 3.6 0.0 0.5 0.5 NA NA
- 0

> Sienzgie(ggp/"_)l 38612 | 499.0 | 5331 | 5326 106.7 106.7
_ 0

3 gnzg}e(;gp/ﬁ)z 3873.9 | 499.0 | 5405 | 540.0 108.2 108.2
- 0

4 sienﬁe(ggp/% 38912 | 4990 | 5343 | 5338 107.0 107.0
_(50)°

5 SE;‘SL?&S’)_I 13223 | 1663 | 1828 | 1823 109.6 109.6
(509,

6 Sg;;if&f’)_z 13162 | 1663 | 1807 | 1802 108.4 108.4
_ 0

7 SEE&L?&S’Q 13202 | 1663 | 1833 | 182.8 109.9 109.9
- 0

8 SI;;;L%%’)_I 5131 | 665 | 712 70.7 106.3 106.3
(709,

9 SI;;;L%%’)_:Z 5096 | 665 | 711 70.6 106.1 106.1
_ 0

10 S];;;i%roeg’)_s 5130 | 665 | 716 | 7L 106.9 106.9

Overall Mean 107.7

Overall SD 1.4

Overall RSD 13

(%) '

Table 3.8 Accuracy Calculation for n-Hexane
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Amount | Amount Amount Recover Mean
131'- Levels Area Added Found | recovered y recovery
0.

(ppm) (ppm) (ppm) (%) (%)

1 Control sample 3.2 0.0 4.1 -4.1 NA NA
_ 0

o | Level-(150%) 1 cv 3| 74715 | 77665 | 77624 103.9 103.9
Sample Prep.-1
_ 0

3 | Level(150%) 1 crin g | a71s | 7786.5 7782.4 104.2 104.2
Sample Prep.-2
_ 0

g | Level-(150%) | ¢1306 | 74715 | 7695.0 7690.9 102.9 102.9
Sample Prep.-3
_ 0

5 | Level-0%) 151410 | 24905 | 27031 | 2699.0 108.4 108.4
Sample Prep.-1
- 0

6 | Level-50%) 1309 1 24005 | 26802 | 26762 107.5 107.5
Sample Prep.-2
_ 0

7 Level-(50%) | 51344 | 24905 | 27053 2701.2 108.5 108.5
Sample Prep.-3
~ o

8 Level-(20%) | ¢346 | 9962 1057.8 1053.7 105.8 105.8
Sample Prep.-1
- 0

9 Level(20%) | ¢354 996.2 1062.1 1058.0 106.2 106.2
Sample Prep.-2
_ 0

0 | Level20%) 4 gii 0 1 9962 1072.1 1068.1 107.2 107.2
Sample Prep.-3

Overall Mean 106.1

Overall SD 2.0

Overall RSD 1.9

(%) ’

Table 3.9 Accuracy Calculation for Ethyl Acetate
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Amount | Amount | Amount Recover Mean
Sr. Levels Area Added Found | recovered y recovery
No.

(ppm) | (ppm) (ppm) (%) (%)

1 Control sample 0.0 0.0 0.0 0.0 NA NA
Level-(150°

2 Saenzgle(PigpA’)l 819 | 361.1 | 362.8 | 3587 99.3 99.3
Level-(150°

3 Saen:;e(Pi:p/O)z 79.1 | 3611 | 354.1 350.0 96.9 96.9
Level-(150°

4 Saenzgle(Pigp/O)s 779 | 361.1 | 3432 | 3391 93.9 93.9
Level-(502

5 Sa:;e(Pref)))l 277 | 1204 | 1229 118.8 98.7 98.7
Level-(50

6 Sa;ﬁe(lfig’)z 285 | 1204 | 1256 121.5 100.9 100.9
(500

7 sisl;ii(szg)s 287 | 1204 | 1278 | 1238 102.8 102.8
Level-(20°

8 Sa;ze(Pig’)l 116 | 482 51.7 47.6 98.8 98.8
Level-(20°

K Sa;;ie;rzs)z 12 ) 482 50.1 46.1 95.7 95.7
Level-(20°

10 Sar:;)ele(l’rzg)).% 109 | 482 48.8 44.8 93.0 93.0

Overall Mean 97.8

Overall SD 3.2

Overall RSD (%) 33

Table 3.10 Accuracy Calculation for Pyridine
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Ethyl
Meth -
Accuracy Level ernano Acetone | DCM " acetat | Pyridine
1 Hexane e
LOQ Recovery
LOQ Recovery -1 99.0 103.6 104.4 106.3 105.8 98.8
LOQ Recovery -2 99.4 102.9 104.9 106.1 106.2 95.7
LOQ Recovery -3 96.4 104.2 105.9 106.9 107.2 93.0
50% level Recovery
50% Level Recovery-1 100.3 106.2 106.4 109.6 108.4 98.7
50% Level Recovery-2 97.9 105.0 105.8 108.4 107.5 100.9
50% Level Recovery-3 100.3 105.8 106.8 109.9 108.5 102.8
100% Level Recovery (Method Precision)
Spike solution-1 97.4 93.1 103.7 108.2 105.2 98.0
Spike solution-2 98.9 93.3 103.5 107.7 104.9 100.0
Spike solution-3 99.5 93.8 104.2 108.9 105.5 101.4
Spike solution-4 97.5 93.2 103.6 108.6 105.1 99.9
Spike solution-5 99.1 93.8 104.0 109.5 105.6 100.8
Spike solution-6 100.1 94.2 104.5 109.6 106.0 101.3
150% Level Recovery
0 _
150% Levell Recovery- | g9 1017 | 1025 | 1067 | 1039 | 993
0 -
150% Levezl Recovery- | 495 102.1 | 1027 | 1082 | 1042 | 969
0 _
150% Leve; Recovery- | o 5 1006 | 1013 | 1070 | 1029 | 93.9
%RSD Overall 1.3 1.9 1.8 1.3 1.9 3.3
Table 3.11 Accuracy and method precision data
The M. S. University of Baroda Page 77




3.6.5 Precision
Precision of the method was determined by system precision (six replicate injections of
standard solution-refer Table 3.12 and method precision (six different preparation of spike

solution) studies.

Area of Standard solution
Injection
Methanol Acetone | DCM | n-Hexane | Ethyl Acetate Pyridine

1 845.9 6078.1 164.6 2379.5 3860.9 50.3

2 858.8 6026.9 164.2 2340.7 3845.5 52.8

3 877.6 6178.1 167.8 2427.9 3941.2 54.4

4 848.6 6031.8 164.1 2340.8 3844.8 52.5

5 864.5 6121.1 166.5 2385.8 3900.9 53.6

6 960.9 6373.9 176.1 2476.0 4100.0 57.7
Bkt 858.6 6101.1 165.4 24194 3877.7 54.0
Avg. 874.0 6135.0 168.0 2394.0 3926.0 54.0

SD 40 120 4 49 90 2

%RSD 4.6 1.9 2.5 2.1 2.3 4.3

Table 3.12 System precision data
In both the studies %Relative Standard Deviation (%RSD) of peak areas for all the solvents
were less than 5.0%. The acceptance criteria for the %RSD for each solvent in six replicate
injections of standard must be within 15% to conclude the method to be precise. The results

proved that the system suitability was passed and method is precise (Table-3.14 to 3.19).

Sample Preparation

o | Lew | Weebamle | Sampl | Vol orodc | Diion o)
1 Control sample 99.70 1 5 50
2 Precision Set-1 100.20 1 5 50
3 Precision Set-2 100.10 1 5 50
4 Precision Set-3 99.95 1 5 50
5 Precision Set-4 99.58 1 5 50
6 Precision Set-5 99.62 1 5 50
7 Precision Set-6 100.30 1 5 50

Table 3.13 Sample preparation for method precision
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Fig 3.19 Method precision chromatogram-1
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Fig 3.20 Method precision chromatogram -2
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Fig 3.21 Method precision chromatogram-3
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Fig 3.22 Method precision chromatogram -4
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Fig 3.23 Method precision chromatogram -5
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Fig 3.24 Method precision chromatogram-6
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Amount Amount Amount
Sr. Levels Area Added Found recovered Recovery
" (ppm) | (ppm) (ppm) (%)
1 Control sample 285.7 0.0 988.5 -988.5 0.0
2 Precision Set-1 1140.7 3018.0 3927.1 2938.6 97.4
3 Precision Set-2 1153.0 3018.0 3973.5 2984.9 98.9
4 Precision Set-3 1156.9 3018.0 3992.9 3004.4 99.5
5 Precision Set-4 1134.8 3018.0 3931.2 2942.6 97.5
6 Precision Set-5 1149.2 3018.0 3979.4 2990.9 99.1
7 Precision Set-6 1165.9 3018.0 4009.9 3021.4 100.1
Overall Mean 98.8
Overall SD 1.1
Overall RSD (%) 1.1
Table 3.14 Method precision calculation for Methanol
S Amount Amount Amount Recovery
No.. Levels Area Added Found recovered
(ppm) (ppm) (ppm) (%)
1 Control sample 624.1 0.0 307.6 -307.6 0.0
2 Precision Set-1 6939.9 5034.0 5677.4 4688.9 93.1
3 Precision Set-2 6940.6 5034.0 5683.6 4695.1 933
4 Precision Set-3 6960.0 5034.0 5708.1 4719.6 93.8
5 Precision Set-4 6901.5 5034.0 5681.1 4692.6 93.2
6 Precision Set-5 6940.4 5034.0 5710.9 47223 93.8
7 Precision Set-6 7014.6 5034.0 5732.8 47443 94.2
Overall Mean 93.6
Overall SD 0.4
Overall RSD (%) 0.5
Table 3.15 Method precision calculation for Acetone
The M. S. University of Baroda Page 81




St Amount Amount Amount Recovery
No.. Levels Area Added Found recovered
(ppm) (ppm) (ppm) (%)
1 Control sample 0 0.0 0.0 0.0 0.0
2 Precision Set-1 174.8 755.0 783.2 783.2 103.7
3 Precision Set-2 174.2 755.0 781.3 781.3 103.5
4 Precision Set-3 175.1 755.0 786.5 786.5 104.2
5 Precision Set-4 173.5 755.0 782.2 782.2 103.6
6 Precision Set-5 174.3 755.0 785.5 785.5 104.0
7 Precision Set-6 176.2 755.0 788.7 788.7 104.5
Overall Mean 103.9
Overall SD 0.4
Overall RSD (%) 0.4
Table 3.16 Method precision calculation for DCM
13:.): Levels Area Izncll((;légt I}Izzll:gt Amount recovered | Recovery
(ppm) (ppm) (ppm) (%)
1 Control sample 3.6 0.0 0.5 -0.5 0.0
2 Precision Set-1 2602.6 333.0 360.9 360.4 108.2
3 Precision Set-2 2587.7 333.0 359.2 358.7 107.7
4 Precision Set-3 2611.7 333.0 363.1 362.6 108.9
5 Precision Set-4 2594.0 333.0 362.0 361.5 108.6
6 Precision Set-5 2617.6 333.0 365.1 364.6 109.5
7 Precision Set-6 2637.0 333.0 365.3 364.8 109.6
Overall Mean 108.7
Overall SD 0.7
Overall RSD (%) 0.7

Table 3.17 Accuracy calculation for n-Hexane
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Sr. ﬁncll(()iugt AFmougt Amount recovered | Recovery
No. Levels Area ¢ oun
(ppm) (ppm) (ppm) (%)
1 Control sample 3.2 0.0 4.0 -4.0 0.0
2 Precision Set-1 4147.6 4986.0 5251.7 5247.6 105.2
3 Precision Set-2 4131.5 4986.0 5236.5 5232.5 104.9
4 Precision Set-3 4145.8 4986.0 5262.5 5258.5 105.5
5 Precision Set-4 41154 4986.0 52433 52393 105.1
6 Precision Set-5 4136.3 4986.0 5267.8 5263.8 105.6
7 Precision Set-6 4179.8 4986.0 5287.2 5283.1 106.0
Overall Mean 105.4
Overall SD 0.4
Overall RSD (%) 0.4

Table 3.18 Method precision calculation for Ethyl Acetate

Amount Amount Amount
;‘” Levels Area Added Found recovered Recovery
> opm) | (ppm) (ppm) (%)
1 Control sample 0 0.0 0.0 0.0 0.0
2 Precision Set-1 53.1 241.0 236.3 236.3 98.0
3 Precision Set-2 54.1 241.0 241.0 241.0 100.0
4 Precision Set-3 54.8 241.0 244.4 244.4 101.4
5 Precision Set-4 53.8 241.0 240.9 240.9 99.9
6 Precision Set-5 543 241.0 243.0 243.0 100.8
7 Precision Set-6 54.9 241.0 244.0 244.0 101.3
Overall Mean 100.3
Overall SD 1.3
Overall RSD (%) 1.3

Table 3.19 Method precision calculation for Pyridine

3.6.6 System suitability

The system suitability criterion was taken to be the resolution between the closely eluting pair,
1.e. acetone and dichloromethane. The system suitability was checked by injecting the standard
solution before starting any analysis of residual solvents. The criterion for system suitability
was that the resolution between the closely eluting pair should not be less than 1.5 and it was

found that optimum resolution 6.3 has been achieved (Table 3.20).
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USP

Solvent Name RT (min) Re:ilsullion USlf’a:“tz:)i:ing Theoretical Z;lltzl)k(:je?
plate

Methanol 4.10 -- 1.292 20863 4.6
Acetone 6.07 16.0 1.028 33847 1.9
Dichloromethane 6.92 6.3 1.065 42971 2.5
n-Hexane 7.98 7.3 1.003 39627 2.1
Ethyl acetate 9.61 10.4 0.996 62912 23
Pyridine 14.69 45.0 1.162 652171 43

Table 3.20 System precision and System suitability parameter

3.6.7 Robustness

Robustness of the method has been performed by changing the parameter settings of carrier

gas flow rate, oven temperature and split ratio. The following parameters were changed:

column oven temperature +£3°C from the ideal conditions (initial column oven temperature at

32°C and 38°C), the flow rate +5% from the ideal conditions (flow rate 2.0 psi and 2.5 psi), the

split ratio £10% from the ideal conditions (the split ratio of 1:1.8 and 1:.2.2. No significant

difference in % RSD, resolution and eclution order was observed which demonstrated

robustness of the method. Results of robustness study are reported in Table 3.21.
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Parameter/ USP resolution
variation Methanol Acetone DCM n-Hexane Ethyl acetate Pyridine
Conditions NA 16.0 6.3 7.3 10.4 45.0
Flow rate (psi)
a. 2.0 NA 16.4 6.4 7.4 10.6 48.0
b.2.5 NA 15.2 6.1 6.9 96 38.2
Column oven Temp. (°C)
a. 32 NA 16.5 6.5 7.5 10.5 45.8
b. 38 NA 12.6 5.9 6.8 10.1 44.2
Split ratio
a. 1:1.8 NA 16.4 6.6 7.8 10.6 45.6
b. 1:2.2 NA 16.1 6.1 7.1 10.1 443
Table 3.21 Results of robustness study
3.7 Result

Residual solvents analysis was performed on developed and validated method for commercial

batch of Imatinib Mesylate API in triplicate. Results are reported in Table 3.22.

Solvent Name Batch set-1 Batch set-2 Batch set-3
Methanol 988 ppm 954 ppm 928 ppm
Acetone 513 ppm 535 ppm 522 ppm
Dichloromethane ND ND ND
n-Hexane 0.5 ppm 0.4 ppm 0.5 ppm
Ethyl acetate 4.1 ppm 4.2 ppm 4.5 ppm
Pyridine ND ND ND

Table 3.22 Residual solvents contents in the commercial batch of Imatinib Mesylate API
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3.8 Conclusion

A selective and sensitive fast static HSGC method was successfully developed for the
determination of methanol, acetone, dichloromethane, n-hexane, ethyl acetate and pyridine in
Imatinib Mesylate API through consideration of route of synthesis and solvent nature. The
developed method was successfully validated as per regulatory guideline and found to be
precise, accurate, linear, and robust and specific. Additionally, the developed method is suitable
for analysis of pyridine and other solvents in one single method, which is accurate, precise and
linear in presence of sample matrix. However only a limited number of solvents are used during
synthesis of Imatinib Mesylate API. This method may also be used to separate the residual
solvents present in other drug substances and can be used for routine analysis to monitor in-
process drying and in quality control for bulk drug manufacturing. Taken together, developed
HSGC method demonstrated precise, economical and commercially viable quantitative
technique for residual solvents determination in Imatinib Mesylate API which will also be

advantageous for industrial scale manufacturing.
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