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Valbenazine tosylate, a benzoquinolizidine derivative, is a highly selective vesicular monoamine trans-
porter 2 (VMAT?2) inhibitor. It is the first and the only drug approved by the FDA for the treatment of tardive
dyskinesia. Rapid, sensitive, and cost-effective first-order derivative UV spectrophotometric methods have
been developed for the estimation of valbenazine in bulk and in its marketed formulation. Preliminary spec-
trophotometric determination of the drug was carried out in acetonitrile and in 0.1 N HCI with a total of 19
parametric variations for the two methods. The selected three-method variants employing peak—zero (P—0)
and peak—peak (P—P) techniques were assessed for their stability, indicating potential in force degraded so-
lutions of the drug. The developed methods were validated with respect to linearity, accuracy, precision, and
robustness. Linearity was observed within the concentration range 5.0-70.0 ug/mL with an excellent corre-
lation coefficient (¥°) of 0.9998. The limits of assay detection values for the proposed method variants were
found to range from 0.89 to 2.75 ug/mL, and quantitation limits ranged from 1.19 to 4.32 ug/mL. The pro-
posed methods were applied for the determination of the drug in its marketed capsule formulation, and per-
centage recovery was found to range from 94 to 95%.
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Banbenaszuna moszunam, npousgoonoe OEH30XUHOIUIUOUHA, — BbLICOKOCENEKMUBHDII UHSUOUMOD 6e3U-

Kyaprozo nepernoca monoamunos 2 (VMAT?2), nepeviii u eduncmeennulii npenapam, 00oopennulii FDA ons
Jleuenust no30Hell Ouckunesuu. /s oyenxu 8aibeHasuna 6 Hepac@acosanHom eude u papmayesmuyeckux
cocmasax paspabomanvl 4yeCmeumenvHvle U IKOHOMUYecKU dpgexmushsie YD-cnexmpogomomempu-
yecKue mMemoosl Npou3BoOHol nepeoco nopsoka. Ilpedsapumenvroe cnekmpogomomempuyeckoe onpede-
JeHue npenapama nposoounu 6 ayemonumpuie u 6 0.1 N HCI ¢ 19 sapuayusimu napamempog 0s 08yx me-
mooos. Buinonnennasa oyenxka cmabunvhocmu 8bi6paAHHbIX 8APUAHINOE MEMO008, 8 MOM yucie “Nnuk—Hoas”’
(P—-0) u “nux—nux” (P—P), yxazvlieaem Ha ux nomeHyuan 0ist pacmeopos, ROOBEPIUIUXCSL NPUHYOUMETbHOMY
paznoocenuro. Pazpabomannvie Mmemoovl NpOGepeHvbl HA JIUHEUHOCHb, MOYHOCHb, NPEeYu3UOHHOCHID,
HaoexcHocmy. Jlunetinocms 8 duanazone xonyenmpayuti 5.0—70.0 mxe/mn ¢ ko3ppuyuenmom Kopperayuu
¥ = 0.9998. Ipedenvi obHapyicenus 018 npednodceHHbIX 6apuanmoe memooa 0.89—2.75 mxa/mn, npedenvi

** Full text is published in JAS V. 90, No. 4 (http://springer.com/journal/10812) and in electronic version of ZhPS
V. 90, No. 4 (http://www.elibrary.ru/title_about.asp?id=7318; sales@elibrary.ru).
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Konuuecmeenno2o onpeoeneHuss 1.19—4.32 mxe/mn. Memoovr npumeneHvl 01 OYEHKU JIeKAPCMBEHHO20
cpedcmaa 6 popme Kancyn, NOCMYRAloWux Ha pulHoK, npoyerm uzeieyenus om 94 0o 95%.

Kniouesvie cnosa: mosunam 6anbena3und, CneKmpogpomomempuyeckuii Memoo, Kodguyuenm xoppe-
JAYUU.

Introduction. Valbenazine tosylate is chemically [(2R,3R,11bR)-9,10-dimethoxy-3-(2-methylpropyl)-
2,3,4,6,7,11b-hexahydro-1H-benzo[a]quinolizin-2-yl1](25)-2-amino-3-methylbutanoate;4-methylbenzenesul-
fonic acid [1].
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This drug is an atypical type inhibitor of the protein, vesicular monoamine transporter 2 (VMAT2). It
was the first drug approved by the FDA (in 2017) for the management of tardive dyskinesia in adult patients
[2, 3], where it reduces the availability of monoamine neurotransmitters by preventing their storage in synap-
tic vesicles [4]. Tardive dyskinesia (TD) is an abnormal hyperkinetic involuntary movement disorder [5]
characterized by involuntary movements of the face, lips, tongue, trunk, and extremities [6]. It has also been
reported as a serious adverse effect of antipsychotic drug medications, especially with conventional (typical)
antipsychotics. A survey of the available literature reports retrieved very little information on the analytical
method development for this drug. Further, there is no official pharmacopeial method for the determination
of the drug. Most of the available literature reports involved the application of chromatographic techniques
for the estimation of valbenazine in bulk and in pharmaceutical dosage forms [7]. To date, there has been on-
ly one stability-indicating method based on liquid chromatography, which has been reported for the estima-
tion of valbenazine, coupled with a degradation kinetic study [8]. Recently, high-performance liquid chroma-
tography (HPLC) study, coupled with Orbitrap mass spectrometry was reported for analysis of an analog of
VAL, P109, in human liver microsomes, in the presence of its eight metabolites. The method was further
used to carry out the mass spectrometric identification of the metabolites [9].

To date, there has been to our knowledge no report on the development and validation of any zero-order
or higher-order UV-Visible spectrophotometric method for this drug. Derivative spectrophotometry is a ver-
satile technique that offers several advantages over simple zero-order spectrophotometry in terms of in-
creased sensitivity and selectivity. Hence, this highly sensitive, economical, and simple technique can be
particularly useful for the development of analytical methods for the estimation of drugs present in extreme-
ly low amounts. This is the first-ever report on the development of simple, rapid, and reproducible first-order
derivative spectrophotometric methods for the quantification of valbenazine tosylate in bulk and in its mar-
keted capsule formulation. The developed methods were validated with respect to various parameters out-
lined in the ICH guideline Q2 (R1) [10].

Experimental. Valbenazine tosylate (Batch number 546268) was graciously provided as a gift sample
by Cipla Limited, Mumbai (India). Analytical reagent (AR) grade chemicals and materials were purchased
from Merck India Pvt. Ltd. (Mumbai, India) and were employed throughout the study. All solutions were
freshly prepared using triple-distilled water obtained from Milli-Q plus purification system (Millipore,
Billerica, MA, USA). Valbenazine capsules (label claim 40 mg per capsule INGREZZA™; Neurocrine Bio-
sciences, San Diego, CA, USA) were purchased from the local market. All the glassware, including volumet-
ric flasks, beakers, pipettes, measuring cylinders, and round bottomed flasks were Class A apparatus from
Borosil (Mumbai, India).

All absorption spectra were recorded using a Perkin Elmer lambda 3200 UV-Visible spectrophotometer
(Serial n0:1906001) with a scanning speed of 60 nm/min, a spectral slit width of 2.0 nm, resolution of
2.0 nm, and equipped with 10-mm matched quartz cells. Melting point apparatus (model T0603160; EIE In-
struments Pvt. Ltd., Ahmedabad, India) was used for the determination of the melting point of valbenazine.
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Standard stock solution (1000 pg/mL) of valbenazine tosylate in acetonitrile or 0.1 N HCI was prepared
every day, and this was diluted (1 in 10) to obtain the stock solution (100 pg/mL). Serial dilutions of the
stock solution were carried out with appropriate solvents (Method A or Method B) to obtain the working
standard solutions (5.0 to 70.0 pg/mL). Zero-order and first-order derivative spectra were recorded over the
wavelength range of 210—400 nm against a reagent blank, and absorbance values (zero-order spectra) or am-
plitudes of the maximum and minimum (first-order spectra) were measured.

The drug concentration selected for stress studies was 1.0 mg/mL.

Hydrolytic studies were carried out under acidic and basic conditions by refluxing the drug in 0.1 N HCl
and 0.1 N NaOH respectively at 80°C for 8 h.

Oxidative studies were carried out at room temperature in 30% hydrogen peroxide (H>O») for half an
hour. Thermal degradation was carried out by exposing the drug (200 mg) in a petri-dish, sealed with alumi-
num foil (to avoid photo-degradation), to a temperature of 60°C for 21 days. Subsequently, the petri-dish
was removed, cooled to room temperature, and its contents dissolved in acetonitrile (diluent).

Two spectrophotometric methods A and B (in acetonitrile and 0.1 N HCI respectively) were explored
with a total of 19 parametric variations. Amongst these, one optimized variant of method A, and two opti-
mized variants of method B were selected and validated with respect to various parameters outlined in the
ICH guideline Q2 (R1).

The working standard solution (100.0 pg/mL) was serially diluted with an appropriate reagent (acetoni-
trile or 0.1 N HCI) to prepare solutions with concentrations ranging from 5 to 70.0 pg/mL of the drug. All
these dilutions, along with the working standard solution, prepared in triplicate, were analyzed by various ze-
ro-order and first-order spectrophotometric methods.

The intraday precision of the methods (selected based on linearity studies) was determined by the analy-
sis of three varying concentrations of the drug (10.0, 20.0, and 30.0 pg/mL) on a single day. Determination
of interday precision was carried out by analyzing three samples of varying concentrations on three successive
days. The precision was expressed as RSD% corresponding to each calculated concentration of the analyte.

A pre-neutralized, equal-volume mixture of stress-degraded solutions of valbenazine tosylate prepared
under conditions of acidic/alkaline hydrolysis, acid photolysis, and oxidative stress, was prepared. The origi-
nal drug concentration in all the stressed solutions was the same, i.e., 10.0 pg/mL. This pre-analyzed degrad-
ed drug solution mixture of valbenazine tosylate was suitably diluted to obtain the un-spiked solution of the
drug (10.0 pg/mL) for accuracy analysis. This solution was then spiked by 50, 100, and 150% to provide
concentration increases by 5.0, 10.0, and 15.0 pg/mL respectively by mixing the unfortified solution sepa-
rately with equal volumes of the standard drug solutions of strengths of 20.0, 30.0, and 40.0 pg/mL respec-
tively. The drug concentration in the fortified solutions (final analyzed concentrations of 15.0, 20.0, and
25.0 pg/mL) and the unfortified solution, were then determined (n = 3). Method accuracy was expressed as
the percentage recovery of the fortified drug concentration with reference to the unfortified one.

Robustness was assessed by carrying out deliberate changes in the method variables, including tempera-
ture and pH, and studying their impact on the recovery of the drug in the test solutions.

Twenty capsules of valbenazine tosylate (INGREZZA™, Neurocrine Biosciences) with a label claim
of 40 mg per capsule, were emptied and the mixed powder weight equivalent to 10.0 mg of valbenazine was
dissolved in an appropriate reagent (acetonitrile or 0.1 N HCI), to prepare 100 mL of the solution A
(1000 pg/mL). The solution was suitably diluted and analyzed for the drug content by three method variants
developed.

Results and discussion. Derivative spectrophotometry offers significant advantages over zero-order
spectrophotometry in terms of enhanced specificity and selectivity. The selection of appropriate peak ampli-
tudes in the derivative curves can permit drug analysis in the presence of excipients, degradation products,
and other impurities. In this light, a comprehensive study was carried out to thoroughly explore all possible
zero- and first-order derivative spectrophotometric curves of valbenazine tosylate to develop sensitive and
reproducible stability-indicating methods for the drug.

A preliminary analysis of UV absorption and solubility characteristics of the drug was carried out to se-
lect an appropriate solvent system for method development. The computed log P of valbenazine tosylate
is 3.65 and the pK, of the drug (strongly basic) is 8.41 [1]. The drug has slight solubility in water
(0.0383 mg/mL). The drug demonstrates best solubility characteristics in acidic medium, although good sol-
ubility is seen in acidic, basic, as well as neutral aqueous media. Considering the solubility profile of va-
Ibenazine tosylate, acetonitrile and 0.1 N HCI were selected for the UV spectrophotometric method devel-
opment and validation. The zero- and first-order derivative spectra for the standard solutions of valbenazine
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tosylate, ranging from 5.0 to 70.0 pg/mL, were recorded over the wavelength range 210—400 nm, taking ace-
tonitrile or 0.1 N HCI as the corresponding reagent blank. The amplitudes of the maxima and minima were
measured for all derivative spectra. Figure 1 shows the zero-order and first-order derivative UV overlay
spectra of valbenazine tosylate in acetonitrile and 0.1 N HCL
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Fig. 1. Zero-order and first-order derivative UV overlay spectra
of valbenazine tosylate (a) in acetonitrile and (b) in 0.1 N HCI.

The regression parameters, Beer’s law limits, and wavelength range for the working standard solutions
of valbenazine tosylate employing 19 variants of methods A and B (zero-order and first-order) are summa-
rized in Table 1. Four zero-order and four first-order derivative UV spectrophotometric variants were studied
for method A (in acetonitrile), whereas four zero-order and seven first-order derivative UV spectrophotomet-
ric variants were studied for method B (in 0.1 N HCI). Amongst these, one variant of method A (12), and
two variants of method B (15 and 18) were selected for further validation, as peak amplitudes (zero or peak-
to-peak) afforded the best linear correlation in these methods. Figure 2 shows the standard plots obtained for
the analysis of valbenazine tosylate with the selected method variants.

The method was validated with respect to linearity and range, accuracy and precision, the limit of detec-
tion (LOD), and the limit of quantification (LOQ). The various method validation parameters are summa-
rized in Tables 1 and 2.

The absorbance measurements (in the case of zero-order spectra) and the peak-to-zero (P-0) or peak-to-
peak (P-P) amplitude measurements (in the case of first-order derivative spectra) were done at varying
wavelengths within the concentration range 5.0-70.0 pg/mL of the drug. The various regression parameters
corresponding to the different variants of methods A and B are summarized in Table 1. Values of the corre-
lation coefficient 7 were found to be above 0.9 in many cases, indicating good linearity over the working
concentration ranges. Method variants returning the best ° values (close to 1.0), were selected for further
analytical validation, (i.e., methods 12, 15, and 18).
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Fig. 2. Standard plots of valbenazine tosylate with method variants 12, 15, and 18.

TABLE 1. Linearity and Range for the Explored Methods for the Analysis of Valbenazine Tosylate
by Zero-order and First-order Derivative Spectrophotometry

M;t(l)l.od N{g}t;l:d D\i[;til:l? lir}?lei:tesi i:;XL A, nm [Technique| Regression equation r?
1 A Zero order 5-70 230 Abs | y=0.0012x—-0.0021 | 0.9995
2 A Zero order 5-50 210 Abs | y=0.0021x-0.0034 | 0.9994
3 A Zero order 5-50 220 Abs y=10.0027x — 0.0009 | 0.9978
4 A Zero order 5-70 240 Abs | y=0.0025x—0.0064 | 0.9982
5 B Zero order 20-50 205 Abs | y=0.0049x —0.0048 | 0.9955
6 B Zero order 20-50 215 Abs | y=0.0040x + 0.0450 | 0.9967
7 B Zero order 20-50 220 Abs | y=0.0058x—-0.0023 | 0.9960
8 B Zero order 20-80 290 Abs | y=0.0025x +0.0078 | 0.9967
9 A First order 5-50 210 P-0 |[y=0.0019x+0.0058 | 0.9989
10 A First order 5-30 220 P-0 y=10.0010x +0.0091 | 0.9983
11 A First order 5-30 225 P-0 | y=0.0015x+0.0035| 0.9987
12 A First order 5-50 230 P-0 |y=0.0011x+0.0092 | 0.9952
13 B First order 20-50 210 P-0 y=10.0042x — 0.0087 | 0.9991
14 B First order 20-50 220 P-0 | y=0.0029x +0.0052 | 0.9968
15 B First order 20-50 230 P-0 | y=0.0033x-0.0052 | 0.9994
16 B First order 5-30 2072101 P-P | y=0.0028x—0.0096 | 0.9976
17 B First order 20-80 228-230f P-P | y=0.0032x-0.0018 | 0.9912
18 B First order 20-50 205-210f P-P | y=0.0003x-0.0082 | 0.9990
19 B First order 20-50 2172200 P-P | y=0.0016x—0.0014 | 0.9982

N o te. A = Calibration data in acetonitrile. B = Calibration data in 0.1 N HCl.

The LOD and LOQ of the method were established using calibration standards. LOD and LOQ were
calculated as 3.30/s and 100/s, respectively, as per ICH definitions, where o is the mean standard deviation
of replicate determination carried out under the same conditions as the sample analysis in the absence of the
analyte (blank determination), and s is the sensitivity, namely, the slope of the calibration graphs. LOD and
LOQ values for all method variants 12, 15, and 18 were found to be 1.14, 0.89, and 2.75 pg/mL, and 2.43,
1.19, and 4.32 pg/mL, respectively.
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TABLE 2. Validation Parameters for the Proposed Method Variants

Parameter Valbenazine tosylate
Accuracy Concentration (ug/mL) = S.D., %RSD*
Conc. of drug Conc. of std Calculated®, % Recovery by method variants
taken, pg/mL added, pg/mL*? 12 15 18
10.0 5.0 (50%) 91.28+0.01, 2.17 97.16+0.01, 0.27 94.15+0.01, 1.15
10.0 10.0 (100%) 95.43+0.01, 1.44 92.67+0.01, 0.31 95.07+0.01, 1.09
10.0 15.0 (150%) 93.56+0.01, 0.65 98.22+0.01, 0.22 97.44+0.01, 1.18
Precision Calculated conc. = S.D.; %RSD® with method variants 12, 15, and 18
Conc. taken, Intra-day (n = 3) Inter-day (n =3
pg/mL 12 15 18 12 15 18
10.0 9.11£0.01, | 9.69+£0.01, | 9.22+0.01, | 9.24+0.01, | 9.19+0.01, | 9.14+0.01,
) 2.55 0.54 2.10 0.12 2.29 1.26
200 19.5540.01, | 19.22+0.06, | 19.38+0.01, | 19.23+£0.01, | 19.45+0.01, | 19.61+0.01,
' 0.60 1.88 0.43 0.39 0.98 0.25
30.0 27.454+0.01, | 28.05+0.01, | 28.33+£0.01, | 29.87+0.01, | 29.23+0.01, | 28.55+0.01,
) 2.40 0.66 2.17 1.26 1.15 0.13
LOD, pg/mL 1.14 (method 12), 0.89 (method 15), 2.75 (method 18)
LOQ, ug/mL 2.43 (method 12), 1.19 (method 15), 4.32 (method 18)

?Equal volumes of standard drug solutions (20, 30, and 40 pg/mL) added to pre-analyzed drug solution
(10 pg/mL).

b Calculated as a mean of measurements in triplicate (n = 3).

¢ Calculated as: SD/mean x100.

Precision was investigated by analyzing three different concentrations of valbenazine tosylate (10.0,
20.0, and 30.0 pg/mL) in three independent repeats on the same day (to evaluate intraday precision) and on
three consecutive days (to evaluate inter-day precision). These intraday and inter-day precision data, repre-
sented as relative standard deviation (RSD%), are shown in Table 2. The RSD% values in the intraday and
the inter-day precision study were found to be less than 2.55 and 2.29% respectively, for method variants 12,
15, and 18 indicating good precision of the method.

The stability indicating the potential of the developed methods was evaluated by fortifying a pre-
neutralized, equal-volume mixture of stress-degraded solutions of valbenazine tosylate prepared under con-
ditions of acidic/alkaline hydrolysis, acid photolysis, and oxidative stress. The original drug concentration in
all the stressed solutions was the same, i.e., 10.0 pg/mL. The accuracy of the proposed methods was assessed
by preparing different concentration levels of the drug for analysis from independent stock solutions. Further
assessment of the accuracy of the developed methods was carried out by spiking excess drug (50, 100, and
150%) to pre-analyzed degraded drug solution samples (10.0 pg/mL). Accuracy was determined as mean %
recovery and RSD%. Excellent recovery values for method variants 12, 15, and 18 ranging from
91.28-98.22% (Table 2) indicated good accuracy of the method.

Robustness gives the measure of the repeatability of an analytical method, which is assessed by evaluat-
ing the effect of small variances in experimental conditions such as heating temperatures (+ 2°C). Three rep-
licate determinations at six different concentration levels of the drugs were carried out at ambient tempera-
ture (26°C) and at 28 and 23°C (room temperature +2°C). The intraday %RSD values for the method vari-
ants 12, 15, and 18 were found to be less than 0.43%, indicating that the proposed method variants have rea-
sonable robustness.

The stability of the final sample solutions was examined by their absorbance values/peak amplitudes,
and responses were found to be stable for at least 6 h at room temperature.

Table 3 shows the results of the assay for valbenazine tosylate carried out on the marketed formulation
by the proposed three method variants. The percentage recovery was found to range from 94-95% showing
a close agreement between the results obtained by the proposed method variants and the label claim.
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TABLE 3. Recovery Studies from Marketed Drug Formulation INGREZZA™ capsules,
Neurocrine Biosciences

Method Label claim, Mean recovery (mg)+S.D, % Recovery + S.D,
No. mg %RSD %RSD
1 40 38.05+2.19, 1.05 95.124+0.07, 1.18
2 40 37.69+1.70, 1.28 94.22+40.01, 2.05
3 40 38.13+£2.27, 1.55 95.32+40.03, 2.65

* Average of three determinations.

Conclusions. Three variants of a rapid, sensitive, inexpensive, and accurate zero-/first-derivative meth-
od have been developed for quantification of valbenazine tosylate in bulk, as well as in its marketed formula-
tion (capsules). The method variants were validated in terms of their sensitivity, reproducibility, precision,
accuracy, robustness, and solution stability for >6 h, suggesting their suitability for routine analysis of the
drug in pure form (bulk analysis) as well as in pharmaceutical formulations, without interference from ex-
cipients. To our knowledge, this is the first ever report on the development of a UV spectrophotometric
method for valbenazine tosylate as a stability-indicating method. Excellent recovery of the drug from its
force-degraded solutions suggests the stability-indicating nature of the method and its potential applicabil-
ity in the presence of routine degradation products. We have comprehensively explored all wavelength re-
gions in the zero-order and first-order derivative spectra of valbenazine tosylate for its estimation (method
variants 1-19). The validation parameters were found to be the best for method variants 12, 15, and 18. The
proposed methods have been successfully used to quantify the drug in its marketed capsule formulation with
good recoveries, suggesting that the method might be well suited for routine drug analysis without any inter-
ference from the formulation excipients. These methods can be explored further for analysis of valbenazine
in other formulations containing varied excipients.
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