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A sensitive, reproducible, and cost-effective spectrofluorimetric method was developed for the quantifi-
cation of solifenacin succinate in bulk and its tablet formulation. The method was validated in accordance
with the International Conference on Harmonization guidelines with respect to linearity, accuracy, preci-
sion, limit of detection, limit of quantification, and robustness. Excellent linearity was noted in the concentra-
tion range of 15.0-95.0 ug/mL with a correlation coefficient (¥°) of 0.9961. The limits of detection and quan-
titation for the proposed method were found to be 1.19 and 3.62 ug/mL, respectively. Excellent recovery
of the drug was obtained from its marketed tablet formulation with the proposed method.
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Paspaboman uyscmeumenvHulil, S0CHPOU3EOOUMbLIL U IKOHOMUYHBIL CHEKMPODLYOpUMEmPUTeCKUl
Memoo OJis KOIUYeCMBEeHHO20 onpedesieHus CYKYUHAma conupenayura 6 Heghaco8anHol u mabaemuposan-
Hotl popmax. Memoo nposeper 6 coomeemcmeuu ¢ pekomenoayusimu MeaiwcoyHapoonotl Koupepenyuu no
2aPMOHU3AYUY HA TUHEHOCTb, MOYHOCHb, NPedeil OOHAPYICEHUs], NPedell KOIUYECMEEHHO20 ONPedeleHUs. U
Haoexcnocms. B obnacmu xonyenmpayuil 15.0—95.0 mxe/mn ommevena omauunas iuHeUHOCMb ¢ KOIphu-
yuenmom koppenayuu (r°) 0.9961. Ipedenvt obHapysicenus u KonuvecmsenHo2o onpedenenus 1.19 u 3.62 mxe/mn.
C nomowplo NpeonodNCeHH020 Memood NOKA3AHA XOPOWLds U3BNEKAEMOCHb JEKAPCMBEHHO20 CPedcmed
U3 8bINYCKAEMOU MAOACMUPOBAHHOU hOPMUL.

Knroueswle cnosa: cnekmpodyopumempureckuii Memoo, npeden 00HapysHceHus, npeoesl KOIuieCmeeH-
HO20 OnpeoeseHust, CYKYUHAm COnUpeHayuna.

Introduction. Solifenacin succinate, [(3R)-1-azabicyclo[2.2.2]octan-3-yl] (15)-1-phenyl-3,4-dihydro-
1 H-isoquinoline-2-carboxylate is a selective muscarinic (M3) receptor antagonist approved by the US FDA,
and is widely used for the treatment of neurogenic overactivity of the detrusor muscle with symptoms of uri-
nary incontinence, and urinary frequency [1, 2]. The development of bladder-selective Mz-antagonists like
solifenacin has considerably reduced the possibility of antimuscarinic adverse effects including dry mouth,
constipation, and blurred vision [3]. A literature survey retrieved several reports on analytical method devel-
opment for solifenacin in which a variety of analytical approaches have been utilized. The majority of the
documented studies are based on chromatographic methods. These include estimation of solifenacin and its
related impurities by RP HPLC [4-7], HPTLC [8], UPLC [9], and Raman spectroscopy [10]. Quantitative
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593-2 ABSTRACTS ENGLISH-LANGUAGE ARTICLES

determination of the drug has been reported in bulk and in its pharmaceutical dosage forms (oral tablet for-
mulations) by UV spectrophotometry [11-14]. The drug has also been assayed by derivative UV spectropho-
tometric methods in bulk [15] and in combination dosage forms [16]. Stability-indicating chromatographic
methods have been reported for the drug [17-19], and its stress-degradation products have been identified by
LC-MS [20]. Further, clinical determination of the drug in human plasma has been carried out by LC-tandem
MS [21, 22] and HPLC-UV [23] methods. The metabolite profiling of the drug in rat plasma has also been
reported by HPLC [24] and LC-tandem mass spectrometric [25] methods. A literature review retrieved only
one report on discriminative derivative synchronous emission spectroscopy for the estimation of solifenacin.
Spectrofluorimetric methods can offer several advantages over spectrophotometric methods including higher
sensitivity (nearly 10* folds, comparable with HPLC methods) and selectivity (due to the exclusive excita-
tion/emission wavelength combination utilized for a fluorophoric molecule). In comparison with chromato-
graphic methods, spectrofluorimetric methods are more cost-effective and convenient. Hence, the present
study was envisaged to develop and validate a simple and sensitive spectrofluorimetric method for the de-
termination of solifenacin in bulk and in its marketed tablet formulation (Soliten™, Sun Pharma Laborato-
ries). The developed method was validated with respect to various parameters outlined in the International
Conference on Harmonization (ICH) guideline Q2 (R1) [26].

Experimental. Solifenacin succinate (batch number — MDC160222) was kindly gifted by Cipla Lim-
ited, Mumbai (India). A tablet formulation containing solifenacin succinate (label claim 5 mg) (Soliten™),
manufactured by Sun Pharma Laboratories Ltd., East Sikkim (batch number EMX2217), was purchased
from the local market. Absolute ethanol, sodium hydroxide, hydrochloric acid, and hydrogen peroxide (30%)
were procured commercially from Merck India Pvt. Ltd., Mumbai. Deionized water was prepared using Mil-
1i-Q plus purification system, Millipore (Bradford, USA).

All the glassware, including volumetric flasks, pipettes, measuring cylinders, beakers, and test tubes
were of class A grade purchased from Borosil. Absorption and emission spectra were recorded using a Hita-
chi spectrofluorimeter F 2500 with a scanning speed of 300 nm/min, 10-mm matched quartz cells, and a res-
olution of 2.5 nm.

Standard stock solution for spectrofluorimetry (1000.0 pg/mL) was prepared daily by dissolving
10.0 mg of solifenacin succinate in 10 mL of the solvent (methanol). This was diluted 1 in 10 to obtain a
stock solution (100 pg/mL). The working standard solutions, ranging from 15.0 to 95.0 pg/mL of solifenacin
were prepared by serial dilutions of the stock solution with ethanol, and the test tubes were kept stoppered
to avoid evaporation of the solvent.

The excitation and emission spectra for the working standard solutions of solifenacin succinate (ranging
from 15.0 to 95.0 pg/mL) were recorded over the wavelength range of 200—400 and 400-800 nm, respec-
tively. The maximum absorbance of the drug was observed at 228 nm (Amax), which was selected as an exci-
tation wavelength. The emission wavelength for measurement of fluorescence intensity was selected as 285 nm.
The optimized method was validated with respect to various parameters outlined in the ICH guideline Q2 (R1).

Ten tablets of solifenacin succinate (Soliten™ tablets; label amount is 5 mg per tablet, Sun Pharma La-
boratories; average weight of tablets is 0.75 g) were weighed and crushed. Powder weight equivalent
to 10 mg of the drug was sonicated with 10.0-mL methanol to prepare the stock solution (1 mg/mL). The
stock solution was further diluted with methanol to obtain a concentration of 25 ug/mL and these dilutions
were analyzed four times for the drug content.

Results and discussion. A sensitive spectrofluorimetric method of analysis for solifenacin succinate
has been developed and validated. A systematic analysis of the fluorescence characteristics of the drug re-
vealed that solifenacin possesses fair native fluorescence in methanol. The pK, value of solifenacin is 8.88.
Hence, the drug solubility was found to be higher in solutions of acidic pH, but insoluble in a basic medium.
In preliminary studies, drug solutions were prepared in various acidic buffers and corresponding fluores-
cence intensities were measured. Fluorescent intensities for the drug solution (10 pg/mL) in ammonium ace-
tate buffer (pH 3.0, 3.5), were found to be very low. Low-intensity fluorescence (around 10 FU) was also
noted in phosphate buffer (pH 2.0). Fluorescence intensity in 0.1 N HCI ranged from 7 to 36 FU. Further,
spectrofluorimetric analysis was also carried out in various solvents, such as water, ethanol, and methanol.
Considering the UV absorption and solubility characteristics of the drug/solvent, ethanol was selected as
a solvent, returning good fluorescence intensities at the selected low drug concentrations. The fluorescence
intensity of the drug solutions/stress degraded solutions was determined, taking 228 and 285 nm as the exci-
tation and emission wavelengths, respectively, against the solvent blank. Figure 1 shows the excitation and
emission spectra of solifenacin succinate in absolute ethanol.
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Fig. 1. Excitation (a) and emission (b) scans of solifenacin succinate in ethanol.

The developed method was validated with respect to linearity, range, accuracy, precision, limit of detec-
tion (LOD), limit of quantification (LOQ), and robustness. The various validation parameters are summa-

rized in Table 1.
A strictly linear relation was obtained between the fluorescence intensity and concentration of solifen-

acin in the concentration range of 15.0-95.0 ug/mL. The corresponding calibration curve was described
by the equation y = 0.48x + 10.664 (n = 3, * = 0.9963) (Fig. 2).

TABLE 1. Validation Parameters of Solifenacin Succinate for the Proposed Method

Accuracy Concentration (ug/mL) £ S.D., %RSD
Concentration of | Concentration of standard Calculated Recovery, %
drug taken, pg/mL added, pg/mL
10.0 5.0 (50%) 14.514+0.33; 1.87% 96.74
10.0 10.0 (100%) 19.6240.14; 0.72% 98.11
10.0 15.0 (150%) 24.5340.19; 0.89% 98.13
Precision Calculated concentration (ug/mL) &+ S.D.; %RSD
Conc. taken, pg/mL Intra-day (n = 6) Inter-day (n =3)
15.0 13.2140.083; 0.49% 13.36+0.050; 0.30%
25.0 26.49+0.026; 0.11% 26.39+0.057; 0.25%
45.0 46.95+0.143; 0.43% 47.5+0.064; 0.19%
Linearity Range, ug/mL Slope Intercept | Coefficient of correlation 7
15.0-95.0 0.48 10.664 0.9963
LOD 1.19 pg/mL
LOQ 3.62 ug/mL
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Fig. 2. Calibration plot for solifenacin succinate with the proposed spectrofluorimetric method.

Different concentration levels of the drug for analysis were prepared from independent stock solutions.
Assessment of the accuracy of the developed methods was done by spiking the excess drug (50, 100, and
150%) to preanalyzed drug solution samples (10 pg/mL). Accuracy was determined as a mean percent re-
covery of the spiked drug concentration (Table 1).

Intra-day precision of the developed method was assessed by analyzing varying concentrations of sol-
ifenacin succinate in six independent replicates on the same day. Inter-day precision was ascertained from
similar determinations carried out on three consecutive days. The method was found to be sufficiently pre-
cise and the %RSD for the intra-day and inter-day precision was not found to exceed 0.49 and 0.30%, re-
spectively. The results for the calculated intra-day and inter-day precision of the proposed method of analy-
sis are given in Table 1 and no significant variation in the calculated drug concentration was observed on any
day. These results showed that the method was sufficiently precise for determining the drug concentrations.

The LOD and LOQ values were calculated using the formulas 3.30/s and 100/s, respectively, where
o is the standard deviation of the response (calculated from the standard deviation of intercept) and s is the
slope of the calibration curve. The slopes and intercepts of calibration plots for three sets of fluorescence in-
tensities taken from linearity studies were used for the calculation of the LOD and LOQ values, which were
found to be 1.19 and 3.62 pg/mL, respectively. Further, solutions of the drug having concentrations corre-
sponding to the LOD and LOQ values were prepared and analyzed six times (n = 6).

No significant change in fluorescence intensity was observed when carrying out deliberate changes
in the method variables, including the excitation wavelength, emission wavelength, and the analyst perform-
ing the study. Hence, the method was found to be robust with %RSD in all cases being less than 2.6%. The
results from the robustness studies are shown in Table 2.

TABLE 2. Robustness of the Proposed Method

Parameter Change Fluorescence intensity Mean SD %RSD
Optimized conditions NA 20.5 19.98 19.72 20.06 0.39 1.97
Aex =228 nm 235 17.87 17.89 17.07 17.60 0.47 2.68
em= 285 nm 300 18.98 18.71 19.07 18.92 0.18 0.99
Analyst I Analyst II 20.25 19.78 20.01 20.01 023 | 251

TABLE 3. Recovery Studies Form Drug Formulation

Conc. taken, Fluorescence Recovery of drug, Drug content
ug/mL intensity ug/mL per tablet, mg
25.0 22.11 23.84 (95.36%) 4.76
22.35 24.34 (97.36%) 4.86
22.03 24.24 (96.96%) 4.84
Mean 22.16 24.14 (96.56%) 4.82
SD 0.17 0.26 0.05
%RSD 0.75 1.09 1.09
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The data from recovery studies of the drug in the marketed oral tablet formulation of solifenacin
(Soliten™) are shown in Table 3. Recoveries ranging from 95 to 97% were obtained with the marketed for-
mulation with low %RSD values (1.09%).

Conclusions. A simple, rapid, reliable, and sensitive spectrofluorimetric method has been proposed for
the determination of solifenacin succinate in bulk and in its oral tablet formulation. This is the first-ever re-
port on the spectrofluorimetric analysis of this drug. The developed method was validated for various pa-
rameters including sensitivity, reproducibility, precision, accuracy, robustness, limits of detection, and quan-
tification. Good recoveries of the drug from bulk samples and the drug formulation suggest that the method
is well suited for routine drug analysis without any interference from the formulation excipients.

Acknowledgements. We sincerely thank Cipla Ltd., Mumbai (India) for graciously providing us with
the pure samples of solifenacin succinate. This work was supported by the University Grants Commission
(UGC), New Delhi, India (Grant No. 36/N/296).

REFERENCES

1. D. Robinson, L. Cardozo, Expert Rev. Clin. Pharmacol., 2, No. 3, 239-253 (2009).

2. R. Basra, C. Kelleher, Ther. Clin Risk Manag., 4, No. 1, 117-128 (2008).

3. D. Robinson, L. Cardozo, Therapy, 8, No. 6, 691-701 (2011).

4. N. Desai, S. S. Hussen, K. Arumugam, S. G. Vasanthraju, K. Udupan, /nt. J. Pharm. Pharm. Sci., 3,
No. 1, 70-74 (2011).

5. R. Reddy, R. Sidhaye, A. Sherikar, M. Nadre, M. Krishna, Pharmacophore, 8, No. 2, 11-23 (2017).

R. P. Shaik, S. B. Puttagunta, C. K. Bannoth, B. S. R. Challa, ISRN Anal. Chem, 1-5 (2014).

V. Bhavana, H. T. Kumar, S. Y. Rao, V. P. K. Rao, 4sian J. Pharm. Anal., 9, No. 3, 118-122 (2019).

M. C. Damle, P. C. Rokade, Int. J. Pharm. Sci. Res., 8, No. 4, 218-222 (2016).

S. R. Krishna, B. M. Rao, N. S. Rao, J. Chromatogr. Sci., 48, No. 10, 807-810 (2010).

10. H. Terada, Y. Hattori, T. Sasaki, M. Otsuka, Int. J. Pharm., 565, 325-332 (2019).

11. B. Rakesh, P. Bhargavi, S. R. Reddy, A. A. Kumar, Int. J. Pharm. Pharm. Sci., 6, No. 10, 190-193
(2014).

12. K. M. Madhu, C. Rambabu, Rasayan J. Chem., 10, No. 4, 1068—-1074 (2017).

13. L. Singh, L. S. Nanda, Pharm. Methods, 2, No. 1,21-24 (2011).

14. G. D. Teja, C. D. Dasu, B. P. Srinivasa, P. Ravisankar, J. Chem. Pharm. Sci., 6, No. 3, 195-198 (2013).
15. P. Dhara, N. Saiyed, S. Desai, Int. J. Pharm. Pharm. Res., 2, No. 4, 175-183 (2015).

16. Y. Srinivasarao, H. Kumar, P. Chiranjivi, V. K. Rao, Indian J. Pharm. Sci., 83, No. 2, 331-335 (2021).
17. B. V. Reddy, B. S. Reddy, N. V. V. S. S. Raman, K. S. Reddy, C. Rambabu, J. Chem., 1-10 (2013).

18. D. Desai, G. Patel, N. Shukla, S. Rajput, Acta Chromatogr., 24, No. 3, 399—418 (2012).

19. M. A. Tantawy, S. A. Weshahy, M. Wadie, M. R. Rezk, Anal. Methods, 12, No. 26, 3368-3375 (2020).
20. D. K. Singh, M. Kurmi, T. Handa, S. Singh, Chromatographia, 79, No. 3-4, 159—168 (2016).

21. J. Macek, P. Ptacek, J. J. Klima, J. Chromatogr. B, 878, No. 31, 3327-3330 (2010).

22. W. G. Ammari, Trop. J. Pharm. Res., 14, No. 5, 845-851 (2015).

23. T. C. Akman, Y. Kadioglu, Bioorg. Med. Chem., 2, 15-23 (2019).

24. T. Yanagihara, T. Aoki, Y. Soeishi, T. Iwatsubo, H. Kamimura, J. Chromatogr. B, 859, No. 2, 241-245
(2007).

25. S. B. Puttagunta, R. P. Shaik, C. K. Bannoth, B. S. R. Challa, B. Z. Awen, J. Anal. Sci. Technol., 5,
No. 1, 1-8 (2014).

26. ICH, Validation of analytical procedures: text and methodology Q2 (R1), In International Conference
on Harmonization, Geneva, Switzerland 11, 1-13 (2005).

6.
7.
8.
9.



