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ABSTRACT

A new precise and accurate GC-ALS method was developed and validated for quantitative determination
of hazardous high boiling solvents impurities i.e. acetic acid and dimethyl sulphoxide in Linagliptin drug
molecule using direct injection technique by GC-ALS with the help of Flame ionization detector (FID).
The column used was Agilent J & W DB-FFAP, 30M X 0.530 mm X 1um capillary column. The stationary
phase of the column was nitro terephthalic acid-modified polyethylene glycol (PEG). The method was
validated for specificity, precision, LOD, LOQ, accuracy, linearity, range, solution stability, and robustness.
The detection limit and quantitation limit obtained for acetic acid was 83.3ug/g and 252.4 pg/g respectively.
For Dimethyl sulphoxide detection limit and quantitation limit obtained were 83.7 ug/g and 253.7 ug/g
respectively. The method was found to be linear in the range between 253.9 ng/g to 7616.9 ng/g for acetic
acid and 253.5 pg/g to 7605.8 pg/g for dimethyl sulphoxide. The average recoveries obtained were 85.20%
and 89.69% at LOQ level for acetic acid and dimethyl sulphoxide respectively, and for 150% level recovery
were 94.26% and 100.43% for acetic acid and dimethyl sulphoxide respectively. The developed method
was found to be robust, specificity was also demonstrated, and standard and the spiked solution was stable
for up 20 Hrs. Thus, the method is used for routine analysis of their intended use. For quantification of
Acetic acid and Dimethyl sulphoxide in Linagliptin, no pharmacopeial method is available so developed
this simple method for laboratory use.
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INTRODUCTION
Linagliptin is used widely as an anti-diabetic drug. During the synthesis of Linagliptin Dimethyl,
sulphoxide, and acetic acid have been used as residual solvents.!”* The detection and quantification of
residual solvents present in active pharmaceutical ingredients (APIs) is necessary from both patient safety
and regulatory perspectives. Head-space gas chromatography is routinely used for the quantitation of
residual solvents for small molecule APIs produced through synthetic processes.* In Linagliptin dimethyl
sulphoxide and acetic acid are hazardous to human health if their permeable daily dose exceeds 50 mg per
day or 5000 pg/g as per the International Council for Harmonization (ICH) guideline. The objective of this
guideline is to recommend acceptable amounts of residual solvents in pharmaceuticals for the safety of the
patient. The guideline recommends the use of less toxic solvents and describes levels considered
toxicologically acceptable for some residual solvents.®> According to this guideline acetic acid and dimethyl
sulphoxide is hazardous materials to human health if both solvent dose is exceeding than 50 mg per day or
5000 pg/g. Therefore, it is necessary to control this solvent in the linagliptin drug molecule. Control by
means of quantifying acetic acid and dimethyl sulphoxide to restrict limit level to serve good health to the
diabetic patient of our society. Generally, the low boiling solvent is quantified easily by means of GC-HS
(Gas Chromatography-Head Space) or GC-ALS (Gas Chromatography-Auto sampler) technique in
different drug molecules. However, in linagliptin, high boiling solvents are used acetic acid (118°C) and
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dimethyl sulphoxide (189°C) which are difficult to quantify by conventional gas chromatography methods.
Therefore, it is very challenging to develop a quantification method for high boiling solvents impurities i.e.
acetic acid and dimethyl sulphoxide in linagliptin drug molecule. No simultaneous determination of acetic
acid and dimethyl sulphoxide method is available in any pharmacopeia or literature to quantify acetic acid
and dimethyl sulphoxide in linagliptin drug molecule by simple analytical technique. Therefore, in the
present study, we developed a novel gas chromatography-auto sampler (GC-ALS) analytical method for
the quantification of acetic acid and dimethyl sulphoxide in the linagliptin drug molecule.

EXPERIMENTAL
Material and Methods
Linagliptin working standard having purity > 99% was gifted by MAPI Pvt. Ltd, Tarapur. All used solvents
(Acetic acid, Dimethyl sulphoxide, Dichloromethane) are GC grade having purity > 99.0%, and obtained
from Spectrochem Pvt. Ltd. Mumbai.

General Procedure

5000 pg/g acetic acid and dimethyl sulphoxide standard in dichloromethane (MDC) with respect to the test
sample was prepared as a standard solution and 50000 pg/g sample of linagliptin in dichloromethane was
prepared as a test sample.

Detection Methods

A Perkin Elmer Clarus 580 gas chromatography system with an autosampler tray was used for the present
research work. The gas chromatography set as Injector temperature 220°C; split ratio 10:1; column flow
2.8 mL/min Nitrogen; run time 22 min; Flame Ionization detector temperature 240°C; detector gas flow
Hydrogen at 40 mL/min, air at 400 mL/min; purge flow 3 mL/min; Injector volume 0.1 pL/min; Range 1;
Attenuation 2; software used for chameleon 6.8.

RESULTS AND DISCUSSION

Analytical Method Development

With a predefined mix standard of acetic acid and dimethyl sulphoxide 5000 pg/g, test sample 50000 pg/g.
Direct, injection method on Gas chromatography instrument was adopted for good separation and detection
of acetic acid and dimethyl sulphoxide. Different 30-meter GC capillary columns with different stationary
phases i.e. an Agilent DB-WAX and an Agilent DB-FFAP were used for the primary trial for column
selection. After that, it is observed that an Agilent DB-FFAP column is suitable for analysis because it gives
better resolution in acetic acid and dimethyl sulphoxide with excellent peak shapes and there is no
interference due to diluent at retention time of acetic acid and dimethyl sulphoxide as shown in Fig.-1, Fig.-
2. So, the DB-FFAP column is used for further analysis with the following column oven temperature
program Initially 80°C hold for 1 min; then increase @ 5.0°C/min to 155°C hold for 2 min, then increase
@25.0°C/min to 230°C hold for 1 min.

Fig.-1: Diluent Peak (Blank) i.e., Dichloromethane
Analytical Method Validation

After Analytical method development for routine use of this method analytical method, validation
is a must as per regulatory compliance.® Following parameters were used to validate analytical
method specificity, system precision, method precision, intermediate precision, the limit of
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detection (LOD), the limit of quantitation (LOQ), linearity and range, accuracy by recovery,
robustness, and solution stability.” Analytical method validation starts with specificity in which
no interference due to diluent at Retention time (RT) of acetic acid and dimethyl sulphoxide was
observed then system precision was performed with six replicates of standard (5000 pg/g) and
method precision performed with six replicates of samples spiked with acetic acid and dimethyl
sulphoxide at the specification level. (5000 pg/g). Intermediate precision achieved by reputability
of analysis by method precision on different days, different columns.

40 o oo 100 120 140 160 180 20 20
Retetion Tme [min]

Fig.-2: Chromatogram of Mix Standard Acetic Acid and Dimethyl Sulphoxide Showing Better
Resolution, Excellent Peak Shapes

Table-1: Result of System, Method, and Intermediate Precision Based on Peak Area for Acetic Acid,
Dimethyl Sulphoxide

System Precision Method Precision Inter. Precision
Replicates Acetic DMSO Acetic Acid DMSO Acetic Acid DMSO
Acid
1 77494.7 135518.1 76240.9 136670.0 4244.1 4316.0
2 85225.8 148134.8 75078.5 135573.9 4649.5 4614.0
3 76287.7 134031.9 73911.8 132246.0 4247.4 4254.7
4 80156.5 141000.0 72880.8 129892.7 4279.5 4351.0
5 79674.7 137465.0 75096.5 132997.6 4270.9 4240.6
6 91049.6 162071.5 73458.1 130848.4 4294.3 4297.0
Average 81648.2 143036.9 74444.4 133038.1 4447.4 4507.7
Std. Dev. 5537.0 10593.6 1245.5 2643.4 169.1 202.7
% RSD 6.8 7.41 1.7 2.0 3.8* 4.5%

* Cumulative %RSDs method precision + Intermediate precision

As data shown in Table-1, the system precision for acetic acid and dimethyl sulphoxides was in
the limit as both had % RSDs of less than 10% Also, the method precocious % RSDs of < 2% for
Acetic acid and dimethyl sulphoxide. Intermediate precision gated was again excellent cumulative
% RSD sis < 5% for Acetic acid and dimethyl sulphoxide. The next parameter encountered was
LOD and LOQ determination. To demonstrate the limit of detection and limit of quantification of
the analytical method, prepared the series of solutions having the lowest concentration with
respect to the limit level concentration and injected each solution once. The limit of Detection and
the limit of quantitation level of the method were predicted based on the S/N ratio of analytes,?
assuming S/N ratio NLT 3 for LOD and NLT 10 for LOQ. Obtaining LOD and LOQ results were
as shown in Table-2 and Table-3.

Table-2: LOD Determination Results

S. No. Analyte Conc. (ug/g) S/N Ratio
1 Acetic Acid 83.3 10.7
DMSO 83.7 15.1
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Table-3: LOQ Determination Results

S. No. Analyte Conc. (ug/g) S/N Ratio
1 Acetic Acid 252.4 43.6
2 DMSO 253.7 62.3

Linearity solutions for known impurities were injected in the concentration range of LOQ to 150%
(LOQ, 50%, 80%, 100%, 120%, 150%) with respect to the specification limit. Both acetic acid
and dimethyl sulphoxide impurities are linear in response to the concentration. For acetic acid
concentration was 253.9 ug/g to 7616.9 pg/g and the correlation coefficient was 0.999 as shown
in Fig.-3. For dimethyl sulphoxide concentration was 253.5 ug/g to 7605.8 ug/g and the
correlation coefficient was 0.998 as shown in Fig.-4.

Linearity Graph of Acetic Acid

y = 15.6614x + 175.6404
R?=0.9988

0.000 1000.000 2000.000 3000.000 4000.000 5000.000 6000.000 7000.000 8000.000
Concentration

Fig.-3: Linearity Graph for Acetic Acid

Linearity Graph of DMSO

y=25.0137x +1795.8277
R?=0.9976
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Fig.-4: Linearity Graph for Dimethyl Sulphoxide

The accuracy of an analytical method is studied by spiking acetic acid and dimethyl sulphoxide
in linagliptin in the LOQ to 150 range and recoveries were obtained for acetic acid and DMSO as
shown in Table-4. This result shows that all % recovery is well within the ICH limit and the
method deliver accurate result and is used for their intended use. The method is robust. Standard
and spiked test sample solution stable for up to 20 hours.

Table-4: Recovery Obtained by Spike Study

% Recovery
Recovery level Acetic acid DMSO
LOQ 85.20 89.69
50 % 94.12 99.43
100 % 93.43 97.68
150 % 94.26 100.43
CONCLUSION

Quantifying hazardous high boiling impurities i.e. acetic acid and dimethyl sulphoxide in the anti-
diabetic drug Linagliptin is critical to ensure patient health safety. It’s a very difficult task to
quantify these impurities by the conventional GC-HS method due to the high boiling nature of
these impurities to overcome these challenges we have developed and validated the Novel GC-
ALS method which precisely quantifies these impurities so this analytical method is used for their
intended use.

1092

QUANTIFICATION OF HAZARDOUS HIGH-BOILING SOLVENTS Sachin S. Garad and Dhananjay V. Mane



RASAYAN J. Chem.
Vol. 16 | No. 3 |1089-1093 | July - September | 2023

ACKNOWLEDGMENTS
The authors wish to acknowledge that MAPI Pvt. Ltd, Mumbai for the availability of Linagliptin
standard and Research faculty and acknowledge SARTHI, Pune funding research.

CONFLICT OF INTERESTS
The authors declare that there is no conflict of interest regarding the publication of this article.

AUTHOR CONTRIBUTIONS
All the authors contributed significantly to this manuscript, participated in reviewing/editing and approved
the final draft for publication. The research profile of the authors can be verified from their ORCID ids,
given below:
Sachin Garad "* https://orcid.org/0000-0001-9197-1619
Dhanajay Mane '~ https://orcid.org/0000-0003-3078-8284

Open Access: This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s)
and the source, provide a link to the Creative Commons license, and indicate if changes were made.

REFERENCES

1. Hong X. Ding, Kevin K.-C. Liu, Subas M. Sakya, Andrew C. Flick, Christopher J. O’Donnell,
Bioorganic and Medicinal Chemistry, 21(11), 2795(2013), https://doi.org/10.1016/j.bmc.2013.02.061

2. Sukumar Nandi, Akkina Naresh, Gona Bala Narashimha Reddy, Paparaju Venkateswarlu, A. Syam
Prasad Reddy, K. Shantan Kumar Reddy, Journal of Pharmaceutical Research and Opinion, 5(5),
1(2015), https://dx.doi.org/10.15520/j.pro.2015.vol5.iss5.15

3. Ritesh Agrawal, Pratima Jain, S. N. Dikshit, Current Drug Targets, 13(7), 970(2012),
https://doi.org/10.2174/138945012800675731

4. Colin D. Medley, Jacob Kay, Yi Li, Jason Gruenhagen, Peter Yehl, Nik P. Chetwyn, Analytica Chimica
Acta, 850(19), 92(2014), https://doi.org/10.1016/j.aca.2014.09.003.

5. ICH Guideline Q3C (R6) on Impurities: Guideline for Residual Solvents, European Medicines Agency
Science Medicines Health, 9 August 2019, EMA/CHMP/ICH/82260/2006, Committee for Human
Medicinal Products, https://database.ich.org/sites/default/files/Q2%28R 1%29%20Guideline.pdf

6. International conference on harmonisation of technical requirements for registration of pharmaceuticals
for human use, ICH harmonised tripartite guideline, Validation of analytical procedures: Text and
methodology Q2 (R1). Current Step 4 version, Parent Guidelin dated 27 October 1994.
https://database.ich.org/sites/default/files/Q2%28R1%29%20Guideline.pdf

7. Sachin Garad, Dhananjay Mane, Journal of Science and Technology, 7(3), 97(2022),
https://doi.org/10.46243/ist.2022.v7.i03.pp97-102

8. Alankar Shrivastava, Vipin B. Gupta, Chronicles of Young Scientists, 2(1), 21(2011),
https://doi.org/10.4103/2229-5186.79345

[RIC-8331/2023]

1093
QUANTIFICATION OF HAZARDOUS HIGH-BOILING SOLVENTS Sachin S. Garad and Dhananjay V. Mane



