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ABSTRACT

Methyl Methane Sulfonate (MMS) is a potential genotoxic impurity, which could be generated during the synthesis
of an active pharmaceutical ingredient (API) and therefore requires sensitive and reliable analytical methods for patient
safety and regulatory compliance. For MMS determination, a number of techniques based on liquid chromatography—
mass spectrometry (LC-MS/MS) and gas chromatography—mass spectrometry (GC-MS) have been reported. A
simple, rapid, sensitive and cost-effective gas chromatography—flame ionisation detection (GC—FID) technique by
ALS mode of injection has been developed and validated for the assessment of MMS in calcium dobesilate API
utilising an Auto Liquid Sampler (ALS). Optimization of the chromatographic conditions was performed
systematically by trying different stationary phases, injection modes, carrier gas flow rates and oven temperature
programs. The DB-624 capillary column was found to give the best chromatographic performance in the separation
of MMS from residual solvents and API-related matrix components, with good peak symmetry and reproducibility.
The established technique has been validated in accordance with ICH Q2(R2) recommendations for specificity,
linearity, limit of detection, limit of quantification, precision, accuracy, and system adaptability. The approach
demonstrated an excellent linear range (R? = 0.9997), high sensitivity for trace-level measurement, commendable
precision (RSD < 2%), and satisfactory recovery, making it appropriate for quantitative analysis. The validated
approach was effectively utilised for the examination of many production batches of Calcium Dobesilate API, in which
MMS was undetected. The novelty of this study is the development of a validated GC—FID method through ALS
mode of injection, which represents a practical and economical alternative method to mass spectrometry-based
methods for routine monitoring of MMS, which is a time-saving process. The proposed method can be adopted for
pharmaceutical quality control, process monitoring, batch release testing and regulatory compliance to ICH M7
recommendations.

KEYWORDS: Gas Chromatography — Flame Ionisation Detector[ GC—FID], Auto Liquid Sampler[ALS], ICH
Q2(R2), ICH M7, Methyl methanesulfonate, Calcium Dobesilate, Pharmaceutical quality control, Genotoxic impurity,
Method validation.

1. INTRODUCTION

Methyl methanesulfonate (MMS) is a potent, direct-acting alkylating agent used in various research and synthesis of
chemical substances to pull the reaction forward to obtain the desired product. It is also used in microbiology to
damage DNA, causing mutations by adding methyl groups to DNA bases (like guanine and adenine), leading to
replication blocks and cell death, and is classified as a probable human carcinogen (Group 2A) and suspected
reproductive toxicant [1]. A colorless liquid, it is eminently reactive and is used in various organic synthesis processes
and molecular biology to induce DNA damage for genetic studies, but it's noxious and requires immense approach in
handling due to its genotoxic, mutagenic and carcinogenic potential among users [1-2]. The structure of methyl
methane sulphonate is given in Fig. 1.
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Fig. 1. Structure of Methyl Methane Sulfonate [3]

Methyl methane sulfonate is a genotoxic impurity in active pharmaceutical ingredient (API) drugs; this work primarily
aims to establish a method to detect and quantify this impurity [4]. This is especially important during the production
of the API drug Calcium Dobesilate, which is currently the subject of API research. It is a laborious process to
eliminate all of these contaminants from the product. Hence, following ICH requirements, it is essential to significantly
reduce the amounts of methylmethanesulfonate contaminants in Calcium Dobesilate to the lowest possible extent. To
save time and money compared to the analytical method, quality control labs testing MMS in Calcium Dobesilate it
is imperative need to develop a new and valid strategy for detecting and quantifying trace contaminants from a
literature review and analytical study [5].

The USFDA and EMA guidelines have established the genotoxic/carcinogenic impurity level as the "threshold of
toxicological concern" (TTC). An exposure of 1.5 g/day to mutagenic contaminants is considered a minor risk. The
anticipated daily dosage of a patient may be used to determine the ppm threshold of genotoxic contaminants in the

TTC-derived medication. The recommended maximum dosage of TEN is 40 milligrams per day.
TTC (ug/day) _ 1.5

Concentration limit of PDIs (ppm) = —————= = —— = 37.5 ppm

Dose (g/day) 0.040
If methyl methane sulfonate is an impurity that may be introduced into active pharmaceutical ingredient
manufacturing, this study is ready to build a method to quantify and qualify it in accordance with the recommendations
of ICH guidelines [14]. In order to keep the active pharmaceutical ingredients' ICH quality, a control plan must be set
up during the last stages.
Pharmaceutical products may contain trace quantities of pollutants that are not associated with the therapeutic benefits
of the active pharmaceutical ingredient (API). These impurities may originate from degradation products formed
inside the formulation or from intermediates generated during manufacture [6]. The ICH Q3A (R2) guideline
"Impurities in New Drug Substances" and the ICH Q3B (R2) guideline "Impurities in New Drug Products" have
traditionally regulated the safety evaluation of these impurities. Based on the maximum daily dose, these standards
set threshold limits for contaminants above which a safety qualification is necessary [7]. API genotoxicity threshold
of toxicological concern (TTC) [8]. An in silico investigation using the ICH M7 guideline classified alkyl
camphorsulfonates generated by reacting camphorsulfonic acid salts with methanol, ethanol, and isopropyl alcohol,
popular API manufacturing solvents. Two sensitive, reproducible, and precise analytical procedures utilising GC-FID
and GC-MS were established through analytical Quality By Design (QbD) methodologies to quantify three alkyl
camphorsulfonates in active pharmaceutical ingredients, adhering to the TTC PGI control limit [9]. Genotoxic
pollutants derived from alkyl sulfonate esters are significant issues. Nine prevalent sulfonate ester medications can be
detected via gas chromatography triple-quadrupole mass spectrometry (GC-MS/MS). To quantify these nine GTIs,
multiple reaction monitoring (MRM) mode was employed to investigate three solvents: acetonitrile (ACN),
dichloromethane (DCM), and ethyl acetate (EtOAc) [10].
Genotoxic impurities (GIs) are chemical substances that have a DNA-interaction feature which can ultimately lead to
cancer. Their presence in a variety of drug compounds prompted regulatory bodies to set guidelines for monitoring,
controlling, and limiting their level in different drug products [11].

2. Objective of the Study

The objective of this study was to create and validate a straightforward, rapid, sensitive, and cost-effective GC-FID
method by ALS mode of injection for quantifying methyl methanesulfonate (MMS) as a genotoxic contaminant in
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Calcium Dobesilate API during regular pharmaceutical quality control, in accordance with ICH M7 and ICH Q2
guidelines.

3. MATERIALS AND METHODS

3.1 Chemicals and Reagents

Methyl methanesulfonate (MMS) reference standard was purchased from Sigma-Aldrich (St. Louis, MO, USA).
Calcium Dobesilate active pharmaceutical ingredient (API) samples were sourced from an in-house manufacturing
facility. HPLC-grade acetonitrile and analytical reagent-grade dichloromethane were bought from Rankem (India) and
Azytus (India), respectively. Most of the chemicals and solvents used were analytical grade and used as received.

3.2 Instrumentation

Chromatographic analysis was conducted with a gas chromatograph, Shimadzu Nexis GC-2030 (Shimadzu
Corporation, Kyoto, Japan), which is fitted with an Auto Liquid Sampler (ALS) and Flame Ionisation Detector (FID)
[12-22]. LabSolutions software was used for instrument control, data collection and chromatographic processing.
Samples were weighed on a calibrated analytical balance (Shimadzu, 0.01 mg), and the dissolution of samples was
facilitated by an ultrasonic bath.

The chromatographic method was developed by systematically comparing different capillary columns comprising
various stationary-phase polarities such as DB-WAX, DB-23, DB-17, DB-35, DB-1, DB-5 and DB-624. Other solvent
compositions, injection methods (Headspace, Auto Liquid Sampler), carrier gas flow rates, split ratios and oven
temperature programs were also evaluated to obtain the best chromatographic performance [12-13][15-20][22].

Of the columns tested, the DB-624 (6% cyanopropylphenyl-94% dimethylpolysiloxane) column showed the best
chromatographic performance with symmetrical peak shape, higher theoretical plate count, minimal peak tailing and
complete separation of methyl methanesulfonate from residual solvents and API related matrix components. Because
of its excellent selectivity and reproducible retention of volatile analytes, the medium-polar stationary phase of the
DB-624 column is widely used for the separation of volatile organic compounds (VOCs) and pharmaceutical
impurities. Thus, the DB-624 column was chosen to be further optimized and validated.

3.3 Optimized Chromatographic Conditions

Table 1. The operating conditions for GC-FID have been optimized.
Parameter Condition
Instrument Shimadzu Nexis GC-2030 Gas Chromatography System
Mode of Operation GC-FID: Gas Analysis with Flame lonisation
Sensor (FID): Flame Ionization Detector
Detector Temperature 260°C
Column DB-624 (3.0 um film thickness, 30 m x 0.53 mm [.D.)
Carrier Gas Nitrogen
Carrier Gas Flow Rate(CGFR) 3.0 mL min™!
Injection Volume 2.0 uL
Injector Temperature 220°C
Split Ratio 1:1
Injection Mode Auto Liquid Sampler (ALS)
Hydrogen Flow Rate 30 mL min™!
Air Flow Rate 300 mL min™!
Makeup Gas “Nitrogen (20 mL min™)”
Total Run Time 50 min
phase Hold Time (min) | Ramp Rate (°C min™?) Temperature (°C)
Initial 10.0 — 40
Ramp 1 5.0 4 160
Ramp 2 23 30 240

3.4 Preparation of Standard Solution

A reference standard weighing 25.0 mg was precisely measured and transferred to a 100 mL volumetric flask to create
a stock solution of methyl methanesulfonate. Approximately 50 mL of diluent (acetonitrile: dichloromethane 70/30
(v/v)) was introduced, and the mixture was agitated until fully dissolved, subsequently diluted to volume with the
identical diluent. A standard working solution was created by putting 7.5 mL of the stock solution into a 100 mL
volumetric flask and diluting it with the appropriate solvent. This section outlines the preparation of the sample
solution in the laboratory. The calcium dobesilate API was precisely measured into a 10 mL volumetric flask, followed
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by the addition of 5 mL of the diluent. The solution was sonicated for complete dissolution and subsequently diluted
to volume with the identical diluent. The solution was meticulously mixed, filtered (if necessary, using a 0.45 pm
PTFE membrane filter), and subsequently placed into the GC-ALS vials for analysis. Replicated specimens were
utilised for all sample solutions.

3.5 Analytical Procedure

A blank diluent was injected before the analysis to ensure that the system was stable and there were no interfering
peaks. Six replicate injections of the working standard solution were made to assess system suitability. Once good
system suitability results were obtained, duplicate sample preparation was performed under the optimized
chromatographic conditions. Methyl methane sulfonate was quantified by comparison of the peak areas of the sample
chromatogram and the standard chromatogram (external standard method) [12-22].

3.6 Validation of Methodology

The established GC-FID method was validated in accordance with the ICH Q2(R2) guidelines for analytical procedure
validation. The validation metrics included specificity, limit of detection (LOD), limit of quantification (LOQ),
linearity, system precision, method precision, accuracy (recovery), and system appropriateness. This method was
subsequently verified and employed for the routine analysis of MMS in Calcium Dobesilate API.

4. RESULTS AND DISCUSSION

4.1 Validation

The proposed Gas Chromatography method was validated in accordance with ICH guidelines to ensure the reliability,
consistency, and accuracy of the analytical results [12-13] [16-20].

4.2 Specificity

To determine specificity, in this study, methyl methane sulfonate was injected separately at a standard level, eluting
at 30.160. In the Mix of organic solvents used in the calcium dobesilate was also tested, where the MMS elutes at
30.160 separately and is spiked in each testing sample independently; in the unspiked sample, it elutes at 30.160
retention time, and in the spiked sample, it elutes at 30.151 retention time. Along with the methylmethanesulfonate
peak, the solvents utilized in this API procedure do not co-elute or merge with it. With respect to the sequence of
elution, the following solvents are utilized in this process: methanol (3.379), dichloromethane (6.094), acetonitrile
(7.810), ethyl acetate (11.124), n-Heptane (14.643), toluene (20.695), dimethylformamide (25.283), and tertiary butyl
amine. Based on the specificity results for monomethyl sulphonate peaks in individual, mixed, and standard spiked
samples, it can be deduced that the specified parameters, such as resolution (16.148), tailing factor (1.072), number
of theoretical plates (392121), and peak retention time (PT), are all important. The Specificity reference chromatogram
is depicted in Fig. 2.

Specificity Methyl methane sulfonate standard chromatogram:
Datafile Name:MMS_STANDARD SOLUTION_BKT_02_008.gcd
Sample Name:MMS_STANDARD SOLUTION_BKT_02
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Specificity Chromatogram Of Standard Mix Solvents Solution In Calcium Dobesilate:
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5 11.124 22056762 1957656 | Ethyl acetate 0532 22702 2562
6 14643 36311508 3567206 [n-Heptane 0.940 46826 12434
7 20695 9032969 1022466 | Toksene 0.969 127463 24089
8 25.283 2552670 130576 | DMF 3825 60717 14284
9 30.151 36523 5045 [MMS 1072 /2121 16.148
Total 6744304101 153357735

Fig. 2. Specificity reference chromatogram
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4.3 Limit of Quantification (LOQ) and Limit of Detection (LOD)

The Methyl methane sulfonate solution was quantitatively diluted stepwise with the diluent. These diluted solutions
were then separately injected into the auto-liquid sampler under GC conditions. The Limit of Quantification (LOQ)
and Limit of Detection (LOD) were clearly established, with the LOQ and LOD corresponding to predetermined
concentrations (%) that yielded signal-to-noise ratios of >10 and >3, respectively. The LOD and LOQ values (Table
1) and chromatogram in Fig. 3 and Fig. 4 demonstrated the sensitivity of the GC method for analysing methyl methane
sulfonate at low levels of concentrations.

Table 1. GC methodology sensitivity results

LOQ LOD
Content S/N (ppm) S/N (ppm)
Proportion PP Proportion PP
Methyl methane sulfonate 20.78 6.29 4.39 2.07
Fig. 3. LOQ Chromatogram Fig. 4. LOD Chromatogram

4.4 LOQ Precision:

The LOQ Precision is carried out to demonstrate that the MMS is ultraprecise, definite, and repetitive at low levels.
From the obtained data, it is evident that LOQ level precision data indicates it can be quantified even at low levels
[6.29 ppm] based on its symmetrical and consistent results. The Relative standard deviation obtained from the six
replicates is 1.45%, which indicates the stability of MMS at low ppm levels from its stipulated standard level.

LOQ Precision

Standard Name Methyl Methane Sulfonate
No. of Injection LOQ Area
Inj-1 7288

Inj-2 7114

Inj-3 7109

Inj-4 7120

Inj-5 7113

Inj-6 7338
Average 7180

SD 104.03

% RSD 1.45

*%RSD not more than 15.0%

4.5 Linearity

Five different concentration solutions containing Methyl methane sulfonate impurities were prepared in concentration
ranges of 20% [7.47 ppm], 50% [18.68 ppm], 80% [29.88 ppm], 100% [37.35 ppm], 120% [44.82 ppm] and 150%
[56.03 ppm], respectively. These solutions were analyzed twice. Calibration curves for Methyl methane sulfonate
were developed by plotting the mean area obtained against its concentrations. The regression equations and linearity
correlation coefficients for Methyl methane sulfonate obtained are shown in Table 2. The correlation coefficients, all
greater than 0.99, confirmed the linearity of the GC method (Fig. 5).

Table 2. GC methodology linearity and line equation results

Parameter Methyl methane sulfonate Specifications
Linearity Range 7.47 t0 74.70 % -
Y-Intercept -2.58 5t0+5%
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Slope -1136.26 Observed Value
% Y-Intercept -2.58 -5to+5
Correlation Coefficient(R) 0.9998 NLT 0.99
Regression Coefficient(R?) 0.9997 NLT 0.99
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Fig. S. Linearity graph of Methyl methane sulfonate

4.6 System precision

The Methyl methane sulphonate working standard solution was injected under the proposed GC conditions in six
replicates to quantitate its precision, repeatability and endurability. The peak area for Methyl methane sulfonate was
recorded at the 30.16 Retention time. The Relative standard deviation (RSD%) for the six standard areas from the six
replicates was recorded to be 0.63%, which is within the specified limit of ICH Guidelines in the determination of
GTI impurities (Fig. 6 and Table 3). These results demonstrate the system's precision in quantifying Methyl methane

sulfonate Impurity.
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Fig. 6. System precision chromatogram of Methyl methane sulfonate Impurity

Table 3. System precision findings

System precision

Standard Name Methyl Methane Sulfonate

No. of Injections Area BKT standard Area
Inj-1 42972 43894

Inj-2 42960 43672

Inj-3 42963 44645

Inj-4 42382 44941
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Inj-5 42500

Inj-6 42950

Average 42788 43388
SD 271.33 872.92
% RSD 0.634 2.012

*%RSD not more than 15.0%

4.7 Method precision

Working standard solutions of Methyl methane sulfonate, both as a pure sample and as a sample spiked with API,
were separately injected and analyzed under the proposed GC conditions in six replicates. The concentrations of
Methyl methane sulfonate GTI were determined. The per cent relative standard deviation (RSD) from the six replicates
is 0.63% (Table 4). These results demonstrate the GC method's precision in analyzing the Methyl methane sulfonate
impurity in the API products.

Table 4. GC methodology precision results

Methyl methane sulfonate precision data
System Precision Method Precision Spiked Method Precision in pure
sample
Samples
Amount Amount Amount
Peak area obtained Peak area obtained (ppm) Peak area obtained (ppm)
(ppm)
1 42972 37.3500 41354 36.0984 Absent NIL
2 42960 37.3500 41037 35.8217 Absent NIL
3 42963 37.3500 41439 36.1726 Absent NIL
4 42382 37.3500 42172 36.8124 Absent NIL
5 42500 37.3500 39870 34.8030 Absent NIL
6 42950 37.3500 40330 35.2045 Absent NIL
Average 42788 37.35 41354 36 - -
SD 271.33 0.00 41037 0.72 - -
RSD 0.634 0.00 41439 2.01 - -

4.8 Recovery

A recovery analysis was conducted in accordance with the specified ICH principles to assess the Recovery, also known
as Accuracy. In accordance with the sample concentration and the specified ppm limit, standard solutions of methyl
methane sulphonate were made at three levels of limit of detection (LOD): 50%, 100%, and 150% of the specification
limit, as per the references provided by the ICH recommendations. Table 5 shows the results of the accuracy
verification process, which involved injecting the spiked sample solutions three times. There was confidence in the
GC method's accuracy in analyzing the API medication sample's methylmethanesulfonate content because the
recovery of methylmethanesulfonate from four different levels was satisfactory.

Table 5. GC methodology Accuracy results

Accuracy level Amount Amount Recovery Average of
Spiked up (%) | Retrieved (%) (%) Recovery (%)
Methyl methane sulfonate recovery

7.4700 6.2413 83.6

LOQ 7.4700 6.2274 83.4 83.7
7.4700 6.2885 84.2
37.3500 36.0984 96.6

100% 37.3500 35.8217 95.9 95.9
37.3500 36.1726 96.8
56.0250 58.6649 104.7

150% 56.0250 59.2201 105.7 105.4
56.0250 59.2751 105.8
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*Recovery limit is 80% to 120% for 100% and 150% accuracy level. LOQ level is 70% to 130%.

4.9 System Suitability

To ensure that the GC system is adequate and performs well when analysing Methyl methane sulfonate in API, system
suitability testing is carried out. Calculated the percent relative standard deviations of Calcium Dobesilate API was
calculated, and several factors, such as Number of Theoretical Plates, Tailing-factor, and Resolution for Methyl
methane sulfonate, were determined to determine if the system was suitable. Six independent injections of a 37 ppm
Methyl methane sulfonate in API working solution were used to determine the peak locations. The range of the ICH
limit is well-covered by the resolution of 16.15 between Methyl methane sulfonate and Dimethyl formamide, Tailing
factor is 1.147, and the number of Theoretical plates is 395552, as shown in Table 6.

Datafile Name:MMS_STANDARD SOLUTION_BKT_02_008.gcd
Sample Name:MMS_STANDARD SOLUTION _BKT 02
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1 30.160 43672 5836 [MMS 1.147 395552 =
Total 43672 5836
Table 6. GC methodology System suitability results
Methyl methane sulfonate
Parameter R
Standard area Bracketing Standard area
System suitability evaluation throughout the analysis
Average* 42788 43388
SD 271.33 872.92
%RSD 0.634 2.012
System Suitability Results
Criteria Observation Limits as per USP
Retention Time 30.160 Observed Value
Resolution between MMS and | ¢ 5 Not Less than 2.0%
dimethylformamide
Tailing Factor 1.147 0.8-1.8
No. Of Theoretical Plates 395552 Not Less than 2000

4.10 Application of GC methodology developed.

All three lots of Calcium Dobesilate were tested for methyl methanesulfonate (MMS) using the established and
validated gas chromatography method. The results showed that methyl methanesulfonate was not detected in any of

the tested Calcium Dobesilate batches, as presented in Table 8.
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5. SUMMARY

A rapid, straightforward, and cost-effective GC-FID technique utilising an Auto Liquid Sampler (ALS) was
successfully developed and validated for the quantification of Methyl Methanesulfonate (MMS), a putative genotoxic
contaminant in the active pharmaceutical ingredient (API) Calcium Dobesilate. During the method development
phase, diverse chromatographic columns, injection procedures, and experimental settings were meticulously evaluated
to achieve effective separation and dependable detection of MMS. The optimised technique exhibited strong
performance on a DB-624 capillary column and successfully met ICH Q2 validation criteria. The validated method
was deemed suitable for the selective determination of MMS within the API matrix and was employed for the analysis
of production batches of Calcium Dobesilate without issues. The established GC-FID approach is feasible, cost-
effective, and readily implementable in standard quality control laboratories compared to more complex analytical
techniques. The approach has been demonstrated to be a reliable analytical instrument for monitoring the MMS in
pharmaceutical manufacturing, hence ensuring the quality and safety of pharmaceutical products and facilitating
regulatory compliance.

6. CONCLUSION

This study demonstrates the development and validation of a powerful GC-FID method using the Auto Liquid Sampler
(ALS) technique for the determination of the potential genotoxic impurity MMS in Calcium Dobesilate active
pharmaceutical ingredient. The scientific value of this work is the development of a simple, low-cost, reliable
analytical system that allows the routine monitoring of MMS with an abundant instrument such as a GC-FID through
simple ALS mode of operation, the latter being a more complex analytical method. The validated method was found
to be suitable for quality control applications since it successfully detected MMS in pharmaceutical samples with good
reliability and met the recommendations of ICH Q2 and ICH M7 guidelines. In an industrial context, the method can
be easily applied in pharmaceutical manufacturing laboratories to ensure product quality, patient safety, and batch
release testing, process monitoring and impurity control. Additionally, this analytical approach can be adapted for the
analysis of other genotoxic impurities in various active pharmaceutical ingredients, presenting a useful procedure for
the analysis of other pharmaceutical impurities and regulatory compliance in the future.
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