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| A new rapid run time LC-MS method was developed and validated for detection (0.03 ppm) and quantification (0.1 ppm) in ultra-trace |
| level of genotoxic impurity (GTI) ethyl-(1R,5R,6R)-7-(tert-butyl)-5-(pentan-3-yloxy)-7-azabicyclo[4.1.0]hept-3-ene-3-carboxylate in |
oseltamivir phosphate active pharmaceutical ingredient (API). The method is price effective, time redeemable and capable to confirm the
| parent and daughter ion masses through mass spectrometry and tandem mass spectrometry for further fragmentation. An isocratic program |
| and YMC Pack Pro C4 reverse phase column (150 mm x 4.6 mm x 3.0 um) was used to achieve separation between oseltamivir phosphate |
| and ethyl-(1R,5R,6R)-7-(tert-butyl)-5-(pentan-3-yloxy)-7-azabicyclo[4.1.0]hept-3-ene-3-carboxylate impurity. Mobile phase-A used was |
0.01 M ammonium acetate in water and mobile phase-B used was acetonitrile in the ration of 40:60 v/v. Diluent was used methanol. The
| chromatographic conditions were used, injection volume: 20 pL, flow rate: 1.0 mL/min, oven temperature: 50 °C, auto sampler: 5 °C and |
| run time 8.0 min. The detection and quantification levels found at 0.03 and 0.1 ppm, respectively. Ethyl (1R,5R,6R)-7-(tert-butyl)-5- |
| (pentan-3-yloxy)-7-azabicyclo[4.1.0]hept-3-ene-3-carboxylate impurity is linear from 0.1 to 15 ppm levels with regression coefficient |
| 0.9994. The recoveries were found in the range of 93.8% to 105.0%. |
| |
L
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INTRODUCTION

Oseltamivir phosphate (Fig. 1a) is an antiviral neuraminidase
inhibitor and used for the treatment and prevention of influenza
A and B, marketed worldwide under the brand name of Tamiflu
[1]. Oseltamivir phosphate have got its antiviral action by
inhibiting the activity of the viral neuraminidase enzyme found
on the surface of the virus, which prevents budding from the
host cell, viral reproduction and infectivity [1]. However, anti-
viral treatment might be beneficial after 48 h for patients with
complex, severe or advanced illness or for hospitalized patients.
Oseltamivir phosphate is also approved for the prevention of
influenza in adults and children aged one year and older. Efficacy
of oseltamivir phosphate for the prevention of influenza has
not been established in immune compromised patients.

Basically, ethyl (1R,5R,6R)-7-(tert-butyl)-5-(pentan-3-
yloxy)-7-azabicyclo[4.1.0]hept-3-ene-3-carboxylate (Fig. 1b)

was used earlier stage for the synthesis of oseltamivir phos-
phate. Ethyl (1R,5R,6R)-7-(tert-butyl)-5-(pentan-3-yloxy)-7-
azabicyclo-[4.1.0]hept-3-ene-3-carboxylate has the positive
structure alert for some of the analogs, this was confirmed
from MCASE and DERAK data base software. This impurity
may be potential in genotoxicity, which may affect chromo-
somal breaks, mutation in genes and leads to leukemia (cancer)
in humans. Therefore, ethyl (1R,5R,6R)-7-(tert-butyl)-5-(pentan-
3-yloxy)-7-azabicyclo[4.1.0]hept-3-ene-3-carboxylate impurity
is genotoxic, should be controlled in oseltamivir phosphate
active pharmaceutical ingredient with the limit of 10 ppm
according to maximum daily dose of 150 mg intake (twice 75
mg) per/day.

Thus, there is a significant toxicological importance to control
even at low-level presence of such impurities in finished active
pharmaceutical ingredient [2,3]. Thus, it is always challenge to
avoid such potential genotoxic impurities during synthesis or
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Fig. 1. Structure of oseltamivir phosphate (a) and ethyl (1R,5R,6R)-7-(tert-
butyl)-5-(pentan-3-yloxy)-7-azabicyclo[4.1.0]hept-3-ene-3-carbo-
xylate (b)

manufacturing process. In addition, it is impossible or challen-
ging to control or avoid completely the potential genotoxic
impurities during synthesis process. Thus, it is essential and
important to develop an analytical method for such a low level
for identification and quantification of potential genotoxic
impurities, but most of the times it is not possible using regular
analytical techniques namely UV, GC and HPLC techniques.
Hence, a suitable LC-MS/MS instrument was selected for identi-
fication and ultra-trace level quantification of ethyl (1R,5R,6R)-
7-(tert-butyl)-5-(pentan-3-yloxy)-7-azabicyclo[4.1.0]Thept-3-
ene-3-carboxylate genotoxic impurity due to high sensitivity
and selectivity of the instrument.

The regulatory agencies US Food and Drug Administration
(USFDA), European Medicines Agency (EMA) and Intern-
ational Council for Harmonization [ICHM7 (R1)] had come
together and proposed use of a threshold of toxicological
concern (TTC) value of 1.0 to 1.5 pug/day intake [4-6], also
disclosed about principles and procedures for handling out-
of-domain and indeterminate results as part of ICH M7 recom-
mended (Q)SAR analyses [7]. The literature review revealed
that so far there is no method reported for the identification and
ultra-trace level quantification (0.1 ppm) of ethyl (1R,5R,6R)-
7-(tert-butyl)-5-(pentan-3-yloxy)-7-azabicyclo[4.1.0]hept-3-
ene-3-carboxylate in oseltamivir phosphate active pharmaceu-
tical ingredients using LC-MS/MS. Nevertheless, there are few
articles published for synthesis, isolation and characterization
of process related impurities [8,9], RP-HPLC UV methods
reported for the determination of oseltamivir phosphate in both
APISs, finished dosage forms and degradation impurities [10-
15]. Disclosed about quantification and validation of API and

impurities by UPLC [16], organic volatile impurities by GC
[17] and reported estimation of related compound-A [18] and
estimation of oseltamivir and its metabolite by LC-MS [19,20].
In addition, disclosed about capillary electrophoretic and liquid
chromatographic method reported for the determination of
oseltamivir phosphate assay in pharmaceutical formulations
[21,22]. Also discussed about proactive evaluation of possible
genotoxic impurities, regulation and mitigation [23-26]. Thus,
there is a superior requirement to develop a rapid, sensitive and
selective LC-MS/MS method for the analysis of ethyl (1R,5R,6R)-
7-(tert-butyl)-5-(pentan-3-yloxy)-7-azabicyclo[4.1.0]hept-3-
ene-3-carboxylate genotoxic impurity content in oseltamivir
phosphate. The developed method was validated as per ICH
guidelines [27].

EXPERIMENTAL

Ammonium acetate, methanol and acetonitrile as reagents
were of analytical grade and procured from Merck, India). Oselt-
amivir phosphate and ethyl (1R,5R,6R)-7-(tert-butyl)-5-(pentan-
3-yloxy)-7-azabicyclo[4.1.0]hept-3-ene-3-carboxylate were
received from Cipla Ltd. (R&D), Bangalore, India.

The mass spectrometer system used was an Applied Bio-
system Sciex (QTRAP-5500 series and Switzerland). LC was
used Agilent HPLC (1260 series, Germany). Additional equip-
ment used such as PCI sonicator (22L500/CC/DTC) and pH
meter (Lab India, PICOY, India).

Chromatographic and mass spectrometer parameters:
The enhanced chromatographic and typical mass spectrometer
parameters are shown in Table-1.

Sample and standard preparation: The concentration
of oseltamivir phosphate was fixed at 2 mg/mL based on the
mass detector response. The diluent used was methanol. Geno-
toxic impurity standard solutions were prepared with a concen-
tration of 0.03 ppm (LOD solution), 0.1 ppm (LOQ level), 5.0
ppm (50%), 10.0 ppm (limit level), 12.5 ppm (125%) and 15.0
ppm (150%) with respect to the 2 mg/mL test concentration.

RESULTS AND DISCUSSION

Method development: Preliminarily, the trails were tried
with different mobile phase extracts such as acetic acid, formic
acid, ammonium formate, ammonium acetate and mixture of

TABLE-1
CHROMATOGRAPHIC AND MASS SPECTROMETER CONDITIONS

Mass spectrometer parameters

Chromatographic parameters L. Genotoxic
Parameter Oseltamivir . .
impurity
Mobile phase-A 0.01M ammonium acetate in water ~ MRM monitoring for m/z transition 313.1>225.0 310.0 > 184.0
Mobile phase-B Acetonitrile Ionization mode Positive Positive
Flow rate 1.0 mL/min Declustering potential (V) 52 40
Column oven temperature 50°C Entrance potential (V) 12 14
Injection volume 20 uL Collision energy (V) 29 20
Sampler cooler temperature ~ 5°C Collision exit potential (V) 13 25
Test concentration 2 mg/mL Ion spray voltage (V) 5500 5500
Mode Isocratic Source temperature (°C) 450 450
Diluent Methanol Curtain gas flow (psi) 40 40
Syringe rinse diluent Methanol GS1 and GS2 50 50
Run time 8 min CAD Medium Medium
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methanol and acetonitrile. In addition, the methods were anal-
yzed with various stationary phase columns, which comprises
C8, phenyl, C4, C18 and amino. The final upgraded chromato-
graphic and representative mass spectrometer constraints are
shown in Table-1.

Mass confirmation: Ethyl (1R,5R,6R)-7-(tert-butyl)-5-
(pentan-3-yloxy)-7-azabicyclo[4.1.0]hept-3-ene-3-carboxylate
impurity mass-to-charge ratio (m/z) 310.0 [M+H]*and oselta-
mivir mass-to-charge ratio (m/z) 313.1 were determined using
LC triple quadrupole mass spectrometer. Also, the fragment
ion masses is determined for both ethyl (1R,5R,6R)-7-(tert-
butyl)-5-(pentan-3-yloxy)-7-azabicyclo[4.1.0]hept-3-ene-3-
carboxylate impurity and oseltamivir using MS/MS further
fragmentation technique. The major fragment ion masses of
ethyl (1R,5R,6R)-7-(tert-butyl)-5-(pentan-3-yloxy)-7-aza-
bicyclo[4.1.0]hept-3-ene-3-carboxylate impurity is 184.0 and
oseltamivir is 225.0, respectively.

Method validation: The specificity was carried out by
injecting LOQ solution of oseltamivir and genotoxic impurity
with respect to test sample. The retention time of oseltamivir
and genotoxic impurity was observed at 1.52 and 6.81 min
respectively (Fig. 1). No interference was found at the retention
time of APIL.

Limit of detection (LOD) and limit of quantification (LOQ)
were calculated from S/N (signal to noise) ratio. The LOD and
LOQ of GTI was originated with the concentration of 0.03 ppm
and 0.1 ppm and S/N ratio was more than 3 and 10, respectively.
The developed method was carried out linearity and concluded
a concentration of five levels 0.1-15 ppm (LOQ, 50%, 100%,
125% and 150%). The X-axis was employed concentration
and Y-axis was peak area used for calibration curve. The inter-
cept, correlation coefficient and slope values was obtained over
regression analysis and the data is shown in Table-2. For method
precision, six separate solutions were prepared by spiking with
the impurities limit level with respect to test concentration.
Intermediate precision was carried out by different instrument,
different day and different column. For all the overhead quanti-
fications were calculated %RSD and observed below 5. The
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standard addition method was used for accuracy study. Conse-
quently, accuracy was determined at LOQ, 50%, 100% and
150.0%. The recovery was found in the range of 93.8% to
105.0%. The developed method robustness was performed by
making trivial and deliberate changes in experimental environ-
ments and mobile phase changed 0.1 units i.e. 1.0 to 1.1 mL/
min, 1 to 0.9 mL/min for flow rate and temperature was changed
by 2°Ci.e. 48 °C and 52 °C. The % RSD values from robustness
study and method precision were calculated and found to be
below 10 and confirmed that the method was robust. Genotoxic
impurity was quantitatively spiked at limit level concentration
and stored at 5 °C for solution stability. The standard solutions
and spiked solutions were injected initially at different intervals.
The sample solution and standard solution were stable up to
22 h at 5 °C. Validation results were plotted and the values are
represented in Table-2.

TABLE-2
THE SUMMARY OF ANALYTICAL VALIDATION RESULTS

Parameter Results
LOD (0.03 ppm) (s/n) 3.9
LOQ (0.1 ppm) (s/n) 11.6
Linearity range (ppm) 0.1-15
Correlation coefficient 0.9994
Slope 884115
Intercept 35653
System precision (%RSD) 1.2
Method precision (%RSD) 0.88
Intermediate precision (%RSD) 1.46
% Recovery at LOQ (0.3 ppm) 93.8-101.7
% Recovery at 50% (5 ppm) 97.7-103.6
% Recovery at 100% (10 ppm) 96.3-103.5
% Recovery at 150% (15 ppm) 98.9-105.0

Conclusion

A validated rapid run time LC-MS method for the detection
(LOD 0.03 ppm) and quantification (LOQ 0.1 ppm) of gentoxic
impurity in oseltamivir phosphate is developed. The method
is simple, cost-effective, precise, accurate, linear and robust
with the lesser run time and sensitive and selective for the ultra-
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Fig. 1. Specificity chromatogram of blank, API and genotoxic impurity
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trace level. More batches were analyzed using validated method
for ethyl (1R,5R,6R)-7-(tert-butyl)-5-(pentan-3-yloxy)-7-
azabicyclo[4.1.0]hept-3-ene-3-carboxylate genotoxic impurity
as method applicability and impurity content was not detected.
The developed method can be used for quality control, routine
and stability studies in the pharmaceutical industry.

ACKNOWLEDGEMENTS

The authors are thankful to the Management of Cipla Ltd.,
Bangalore, India for provision to carry out the research work.

CONFLICT OF INTEREST

The authors declare that there is no conflict of interests
regarding the publication of this article.

REFERENCES

1. T. Jefterson, M. Jones, P. Doshi, E.A. Spencer, 1. Onakpoya and C.J.
Heneghan, Br: Med. J., 348, g2545 (2014);
https://doi.org/10.1136/bmj.g2545

2. L. Miiller, R.J. Mauthe, C.M. Riley, M.M. Andino, D.D. Antonis, C.
Beels, J. DeGeorge, A.G.M. De Knaep, D. Ellison, J.A. Fagerland, R.
Frank, B. Fritschel, S. Galloway, E. Harpur, C.D.N. Humfrey, A.S. Jacks,
N. Jagota, J. Mackinnon, G. Mohan, D.K. Ness, M.R. O’Donovan, M.D.
Smith, G. Vudathala and L. Yotti, Regul. Toxicol. Pharmacol., 44, 198
(2006);
https://doi.org/10.1016/j.yrtph.2005.12.001

3. D.Jacobson-Kram and T. McGovern, Adv. Drug Deliv. Rev., 59, 38 (2007);
https://doi.org/10.1016/j.addr.2006.10.007

4.  European Medical Agency Guidence: Guidelines on the Limits of
Genotoxic Impurities, MEA/CHMP/QWP/251344/2006 and EMA/
CHMP/SWP/431994/2007 Rev.3, 23 September (2010).

5. Guidelines for Assessment and Control of DNA Reactive (Mutagenic)
Impurities in Pharmaceuticals to Limit Potential Carcinogenic Risk,
M7 ICH (2014).

6. A.B. Patel, A.H. Asnani, A.J. Vyas, N.K. Patel, A.I. Patel and A.N.
Lumbhani, Asian J. Pharm. Res., 11, 187 (2021);
https://doi.org/10.52711/2231-5691.2021.00034

7.  A. Amberg, L. Beilke, J. Bercu, D. Bower, A. Brigo, K.P. Cross, L.
Custer, K. Dobo, E. Dowdy, K.A. Ford, S. Glowienke, J. Van Gompel,
J. Harvey, C. Hasselgren, M. Honma, R. Jolly, R. Kemper, M. Kenyon,
N. Kruhlak, P. Leavitt, S. Miller, W. Muster, J. Nicolette, A. Plaper, M.
Powley, D.P. Quigley, M.V. Reddy, H.-P. Spirkl, L. Stavitskaya, A.
Teasdale, S. Weiner, D.S. Welch, A. White, J. Wichard and G.J. Myatt,
Regul. Toxicol. Pharmacol., 77, 13 (2016);
https://doi.org/10.1016/j.yrtph.2016.02.004

8. Y.K. Sharma, D.D. Agarwal, S. Bhure, S.S. Rathore, C. Rawat and R.
Mukharjee, E-J. Chem., 9, 113 (2012);
https://doi.org/10.1155/2012/327351

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

M. Shibasaki and M. Kanai, Eur. J. Chem., 2008, 1839 (2008);
https://doi.org/10.1002/ejoc.200800033

G.C. Reddy, P. Shyamala, R.M. Krishna, K.M.V. Narayanarao and D.B.
Rapeti, Asian J. Pharm. Clin. Res., 14, 161 (2021);
https://doi.org/10.22159/ajpcr.2021.v14i4.40595

Z. Aydogmus, S. Caglar and S. Toker, Anal. Lett., 43, 2200 (2010);
https://doi.org/10.1080/00032711003698721

Z.Ji, W. Song, X. Yan and C. Ai, J. Pharm. Sci. Technol. Manag., 3, 1
(2019);

https://doi.org/10.11648/j.pst.20190301.11

P. Raghuram, I.V. Soma Raju, R. Reddy and J. Sriramulu, Anal. Chem.
An Indian J., 7, 617 (2008).

B. Narasimhan, K. Abida and K. Srinivas, Chem. Pharm. Bull., 56,
413 (2008);

https://doi.org/10.1248/cpb.56.413

A. Ameti, J. Slavkovska, K. Starkoska and Z. Arsova-Sarafinovska,
Maced. J. Chem. Chem. Eng., 31, 205 (2012);
https://doi.org/10.20450/mjcce.2012.10

K. Bhattacharya and J. Mathew, Future J. Pharm. Sci., 7, 95 (2021);
https://doi.org/10.1186/s43094-021-00248-w

C.R. Gudibanda, S. Pulipaka, M.K. Rallabhandi, M.V.N.R. Kapavarapu
and M.D.B. Mannem, Future J. Pharm. Sci., 8, 15 (2022);
https://doi.org/10.1186/s43094-022-00401-z

P. Viswanath, D.V.R. Reddy and N. Chamarthi, Orient. J. Chem., 37,
1192 (2021);

https://doi.org/10.13005/0jc/370525

S. Reddy, N. Nayak, I. Ahmed, L. Thomas, A. Mukhopadhyay and S.
Thangam, Asian J. Pharm. Anal., 6, 91 (2016);
https://doi.org/10.5958/2231-5675.2016.00014.4

A. Gupta, S. Guttikar, P.S. Shrivastav and M. Sanyal, J. Pharm. Anal.,
3, 149 (2013);

https://doi.org/10.1016/j.jpha.2012.11.004

0. Kiguchi, T. Ishii, T. Watanabe, R. Konno, A. Matsubuchi and T.
Kobayashi, Int. J. Environ. Anal. Chem., 100, 346 (2020);
https://doi.org/10.1080/03067319.2019.1637425

M.D. Green, H. Nettey and R.A. Wirtz, Emerg. Infect. Dis., 14, 552
(2008);

https://doi.org/10.3201/eid1404.061199

H. Chabai, R. Ouarezki, S. Guermouche and M.H. Guermouche, J.
Lig. Chromatogr. Relat. Technol., 34, 1913 (2011);
https://doi.org/10.1080/10826076.2011.582212

H.B. Ila and A. Ilhan, Cyrotechnology, 64, 443 (2012);
https://doi.org/10.1007/s10616-011-9422-1

D.S. Sisodiya, A. Soni, R. Patel, U.S.R. Majji and P. Khirwadkar, Res.
J. Pharm. Technol., 5, 635 (2012).

G. Szekely, M.C.A. de Sousa, M. Gil, EC. Ferreira and W. Heggie,
Chem. Rev., 115, 8182 (2015);

https://doi.org/10.1021/cr300095f

ICH Validation of Analytical Procedures: Text and Methodology Q2
(R1), International Conference on Harmonization (2005).




