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Introduction
4-Chloro-1-Hydroxy Butane Sulfonic Acid Sodium Salt is

an impurity during the synthesis of Sumatriptan succinate. The 
impurity is found to be genotoxic because it contains two functional 
groups primary alkyl halide [1] and Sulfonate which causes for the 
genotoxicity [2-5]. Genotoxic substances are chemicals that harm 
an organism by damaging its genetic material (DNA). Specifically, 
there is evidence that genotoxic substances may bind directly to DNA 
and may also act indirectly by affecting enzymes involved in DNA 
replication. There are three primary effects that genotoxins can have on 
organisms by affecting their genetic information. Genotoxins can be 
carcinogens, or cancer-causing agents, mutagens, or mutation-causing 
agents, or teratogens, birth defect-causing agents [6]. The toxicological 
assessment of these genotoxic impurities and the determination of 
acceptable limits for such impurities in active substances is a difficult 
issue and not addressed in sufficient detail in the existing International 
Conference on Harmonization (ICH) Q3X guidelines [7]. The 
presence of trace level of the impurity in drug substance or drug 
product is of genotoxicity concern and has been closely scrutinized by 
regulatory agencies and pharmaceutical industries [8]. The ‘threshold 
of toxicological concern’ (TTC) of 1.5 µg/person/day (exposure of 
genotoxic impurity in drugs that will be tested or dosed for longer than 
12 months) has been suggested by the European Medicines Agency’s 
(EMEA) “Guideline on the limits of genotoxic impurities” [9-12] 
and the Pharmaceutical Research and Manufacturers of America’s 
(PhRMA) white paper [13]. Based on the TTC, the concentration limits 
of genotoxic impurity in drug substances or drug products can then be 
derived based on the maximum daily dose: concentration limit (ppm) 
= [1.5 µg /day)] / [dose (g/day)]. For a drug dosed at 1g per day, for 
example, 1.5 ppm would be the limit of a specific genotoxic impurity 
which would also be the ‘target analyte level’ (TAL) from an analytical 
perspective [9-12]. Given such a low ppm concentration limit, besides 

the control challenges in process chemistry, developing sensitive and 
robust methodology for their detection poses a tremendous analytical 
challenge for the pharmaceutical industry [14,15]. Therefore potential 
genotoxins must be minimized during the synthesis the compounds 
and where there is difficulty achieving this, the method of manufacture 
should preferably be changed [1]. As 4-Chloro-1-Hydroxy Butane 
Sulfonic Acid Sodium Salt is a genotoxic compound, the regulators 
may require the toxin levels to be controlled to 2 ppm in the drug 
substance. Quantification at such very low level can be possible only 
by using LCMS/MS and also there is no method for the quantification 
of this impurity hence a high sensitive LCMS/MS method developed 
for the quantification of this genotoxic impurity 4-Chloro-1-Hydroxy 
Butane Sulfonic Acid Sodium Salt.

Experimental
Chemicals and reagents

Samples of Sumatriptan Succinate and 4-Chloro-1-Hydroxy 
Butane Sulfonic Acid Sodium Salt (Figure 1) were received from Bulk 
Actives, Unit-II of Aurabindo Laboratories, Hyderabad, India. HPLC 
grade Acetonitrile was purchased from J T Baker, Mumbai, India. 
Formic acid was purchased from Sigma Aldrich, Mumbai, India. High 
pure water was prepared by using Millipore Milli Q plus purification 
system (Millipore, USA).
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Abstract
The objective of present research work is to develop a suitable LCMS/MS method for the quantitative 

determination of genotoxic impurity 4-Chloro-1-Hydroxy Butane Sulfonic Acid Sodium Salt at ppm level present 
in Sumariptan dug substance. The LCMS/MS method was developed on Zorbax SB-C8 column using the mobile 
phase consists a mixture of 0.05% (v/v) Formic acid in water and Acetonirile using a isocratic composition of 90:10 
(v/v) at a flow rate of 0.8 mL/min. Ion source is electospray ionization (ESI), source temperature is 325°C, gas flow 
is 8 L/min, Nebuliser pressure is 40 psi, capillary voltage is 4000 V. Under these conditions impurity was quantified 
by selecting most stable MRM pair (187/81). The limit of detection and the limit of quantitation for the impurity were 
established. Validation of the developed LCMS/MS method was carried out as per ICH requirements and the data 
shows that the proposed method is specific, linear, accurate, precise and robust. This method has been tested in a 
number of Sumatriptan samples and used successfully for quantification of the impurity at ppm level. The developed 
LCMS/MS method was found to be suitable to quantify the genotoxic impurity 4-Chloro-1-Hydroxy Butane Sulfonic 
Acid Sodium Salt at ppm level present in Sumatriptan Succinate.
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Equipment

The LCMS method development and validation were done using 
Agilent 1200 series HPLC system Connected with Agilent mass 
spectrometer LCMS/MS-QqQ system (Agilent technologies, Germany) 
equipped with Electro spray ionization probe. The data were collected 
using Agilent mass hunter work station software.

LCMS chromatographic conditions

The LC chromatographic separations were achieved on Zorbax 
SC-C8 column 150 mm length × 4.6 mm ID with 5 µm particle size 
using the isocratic mobile phase of mixture of 0.05% (v/v) Formic 
acid in water and acetonitrile using a isocratic composition of 90:10 
(v/v) at a flow rate of 0.8 mL/min. Mass spectrometer was operated in 
electospray ionization (ESI) negative ion mode with a capillary voltage 
of 4000V. The fragmentor was set at 70 V, the drying gas flow was 8 
L/min with a temperature of 325°C and nebuliser pressure was 40 
psi. Under these conditions impurity was quantified by selecting high 
sensitive stable Multi reaction monitoring (MRM) ion pair 187→ 81. 
The test concentration was about 100 mgmL-1 and the injection volume 
was 20 µL. 0.1% formic acid in water was used as diluent during the 
standard and test samples preparations.

Preparation of impurity standard and test sample Solution

The stock solution of impurity standard prepared at approximately 
1 mgmL-1 in pure diluent. For linearity, the stock solution impurity was 
diluted using diluent to give standards at 0.5, 0.7, 1.0, 1.2, 1.5 ppm with 
respect to test concentration. The testing API samples were typically 
prepared at approximately 100 mg/mL in diluent and sonicated about 
10 minutes and filtered through 0.45 µ poly tetrafluoroethylene (PTFE) 
filter. 

Results and Discussion
Optimization of chromatographic conditions

The main target of LC-MS/MS method was to quantify the 
4-Chloro-1-Hydroxy Butane Sulfonic Acid Sodium Salt in the 
Sumatriptan succinate drug substance. As volatile buffers required for 
analysis in LCMS the mobile phase was restricted to volatile buffers like 
Formic acid, trifluoro acetic acid up to 0.05% level, ammonium acetate 
up to 5 mM concentration. As formic acid is the most suitable buffer to 
get more sensitivity, by using a mixture of 0.05% formic acid in water 
and acetonitrile in the ratio of 80:20 (v/v) at a flow rate of 1.0 mL/min 
as mobile phase and SB-C18 column, impurity spiked sample injected, 

impurity was eluting with less retention and resolution between drug 
and impurity is very less. Then with same mobile composition SB-C8 
column was tried and the impurity slightly separated from the drug 
substance. To get further separation the mobile phase composition 
changed to 90:10 (v/v) at a flow rate of 0.8 mL/min with same column 
SB-C8 in this condition the impurity is well separated with good 
peak shape from the drug substance. As the MRM in LCMS will give 
more sensitive quantization, hence to quantify by using this mode the 
molecule should have intense fragmented ion. The present impurity 
has given three fragments out of which the most intense fragment ion 
was 81 used for quantification. By selecting this MRM pair 18→781 and 
the above chromatographic conditions the optimized mass parameters 
are fragmentor voltage 70 V, the drying gas flow was 8 L/min with a 
drying temperature of 325°C and nebulizer pressure was 40 psi. 

Method Validation
Linearity

The linearity of 4-Chloro-1-Hydroxy Butane Sulfonic Acid Sodium 
Salt was satisfactorily done. A series of solutions were prepared 
using 4-Chloro-1-Hydroxy Butane Sulfonic Acid Sodium Salt at 
concentration levels from around detection level to 150% and the 
concentration levels are 0.5, 0.7, 1.0, 1.2, 1.5 ppm respectively. The 
peak area versus concentration data was done by linearity plot slope, 
intercept, and residual sum of squares analysis. The calibration curve was 
given based on response over the concentration range for 4-Chloro-1-
Hydroxy Butane Sulfonic Acid Sodium Salt. The correlation coefficient 
4-Chloro-1-Hydroxy Butane Sulfonic Acid Sodium Salt was 0.996 and 
the Linearity results are tabulated in table 1.

Limit of Detection (LOD) and Limit of Quantitation (LOQ)

The LOD and LOQ values of 4-Chloro-1-Hydroxy Butane Sulfonic 
Acid Sodium Salt were predicted from the linearity data. Each predicted 
concentration was verified for precision by preparing the solutions at 
about predicted concentration and injecting each solution six times for 
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  Succinate: 1-[3-(2-dimethylaminoethyl)-1H-indol-5-yl]-N-methyl-methanesulfonamide.
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Figure 1: Structures of Samaritan Succinate and its genotoxic impurity.
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Linearity

y = 20863x + 1810.
R2 = 0.996

Table 1: Results of Linearity.
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LC-MS/MS study and the predicted concentration for LOQ was 0.5 
ppm and LOD was 0.17 ppm (Figure 2) and the results are tabulated 
in table 2.

Precision

The precision of the developed method was checked by preparing 
solutions by spiking the impurity at LOQ, 100% and 150% level with 

the drug substance for six times and injected each once also injected 
100% spiked solution for 6 times to show the system precision. The % 
relative standard deviation (RSD) of the areas at each level 5.7%, 2.4% 
and 2.7% confirming the good precision of the developed method.

Accuracy 

The accuracy of the method was evaluated in sample solutions 
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Figure 2: Typical mass spectrograms of blank, LOD, LOQ.
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were prepared in triplicate by spiking 4-Chloro-1-Hydroxy Butane 
Sulfonic Acid Sodium Salt at LOQ level, 75%, 100%, 125% and 150% 
with Sumatriptan succinate and injected each solution in to LCMS as 
per methodology. The percentage of recovery for the impurity was 
calculated and the values are 97.3%, 94.2%, 97.2, 98.4, and 95.5%. At 
such low levels these recoveries and % relative standard deviation 
(RSD) were satisfactory and the results are tabulated in table 3.

Conclusion
In this paper a sensitive specific, accurate, validated and well-

defined LCMS/MS method for the Quantification of genotoxic impurity 
4-Chloro-1-Hydroxy Butane Sulfonic Acid Sodium Salt at ppm level in 
Sumatriptan succinate was described. The limit of detection and limit 
of quantification found to be 0.17 ppm and 0.5 ppm respectively. The 
described method is highly reliable technique for the quantification 
of the gentoxic impurity present in the sumatriptan succinate during 
quality control testing.
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Injection
Area

LOD (0.7 ppm) LOQ (0.5 ppm)
1 5500 18850
2 4810 16931
3 5391 17156
4 5269 17529
5 5455 17819

6 4710 18399

Average 5189 17781
SD 343 735

%RSD 6.6 4.13

SD: Standard Deviation, RSD: Relative Standard Deviation

Table 2: Results of LOD and LOQ Precision.

Level Amount 
Added(µg)

Amount 
found(µg) % Recovery Mean SD %RSD

LOQ Sample-1
0.512

0.479 93.6
97.3 4.7 4.9LOQ Sample-2 0.525 102.6

LOQ Sample-3 0.489 95.6
75% Sample-1

0.767
0.729 95.0

94.2 1.0 1.175% Sample-2 0.726 94.6
75% Sample-3 0.714 93.1
100% Sample-1

1.023
1.015 99.2

97.2 2.4 2.5100% Sample-2 1.001 97.8
100% Sample-3 0.967 94.5
125% Sample-1

1.279
1.237 96.7

98.4 4.1 4.2125% Sample-2 1.219 95.3
125% Sample-3 1.318 103.1
150% Sample-1

1.535
1.401 91.3

95.5 3.7 3.9150% Sample-2 1.511 98.5
150% Sample-3 1.485 96.8

SD: Standard Deviation, RSD: Relative Standard Deviation

Table 3: Results of Accuracy study.
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