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Abstract:

Valbenazine, is a medication used to treat tardive dyskinesia. It acts as a vesicular monoamine transporter 2 (VMAT2)
inhibitor. The drug was subjected to forced degradation studies as per the conditions prescribed in ICH Q1 (R2)
guideline. Valbenazine degraded in hydrolytic (acid and alkaline) and oxidative stress conditions. The drug was found to
be stable in thermal and photolytic conditions. The novel degradation products were obtained and were well separated
using an HPLC C18 stationary phase Inertsil ODS (150 x 4.6 mm, 5 um) and mobile phase composed of Phosphate
buffer (pH 6.8): Acetonitrile (70:30) pumped at 1.0 mL min—1 flow rate. The column temperature was set at 40°C and
the detection at 240 nm using DAD detector. All the degradation products were isolated and characterised. A well
resolved chromatographic method proposed in this study suggests that the proposed analytical method finds its
application as a stability indicating assay method for the drug and can be used in routine analysis. The developed HPLC
method will also suffice the suitability for impurity profiling and assay of Valbenazine in bulk drugs and pharmaceutical
formulations.
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INTRODUCTION:

The parent drug stability test guideline (Q1A) issued by International Conference on Harmonisation (ICH) requires that
analytical test procedures for stability samples should be fully validated and the assays should be stability-indicating.
Further, it is suggested that stress studies should be carried out to establish the inherent stability characteristics of the
molecule such as the degradation pathways, leading to identification of degradation products and hence supporting the
suitability of the proposed analytical procedures [1-3].

The aims of the present study accordingly were to establish inherent stability of Valbenazine through stress studies
under a variety of ICH recommended test conditions. Further, it is suggested that stress studies should be carried out to
establish the inherent stability characteristics of the molecule such as the degradation pathways, leading to identification
of degradation products and hence supporting the suitability of the proposed analytical procedures.

Valbenazine, is a medication used to treat tardive dyskinesia. It acts as a vesicular monoamine transporter 2 (VMAT2)
inhibitor. Valbenazine is a modified metabolite of tetrabenazine, and it is currently being approved for the treatment of
various movement disorders, particularly tardive dyskinesia and chorea associated with Huntington's disease. Tardive
dyskinesia has long been regarded as a consequence of anti-dopamine receptor therapy, and until 2008 with the advent
of tetrabenazine, most treatments were ineffective. However, challenges in using tetrabenazine as a treatment of tardive
dyskinesia included frequent dosing and safety and tolerability concerns. [40-45]

IUPAC nomenclature of Valbenazine is [(2R,3R,11bR)-9,10-dimethoxy-3-(2-methylpropyl)-2,3,4,6,7,11b-hexahydro-
1H-benzo[a]quinolizine-2-yl](2S)-2-amino-3-methylbutanoate;4-methylbenzenesulfonic acid.
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Fig-1: Chemical Structure of Valbenazine

MATERIALS AND METHODS:

Preparation of mobile phase: Accurately Weigh 1.36 g of Potassium dihydrogen ortho phosphate was transferred into
1000 ml volumetric flask. About 500 mL of double distilled water was added into the flask, dissolved the salt and finally
water was added up to the mark. Then pH was adjusted to 6.80 by adding dilute sodium hydroxide solution. The mixture
was sonicated for 10 minutes and then filtered through a 0.22 um millipore filter. HPLC grade actonitrile was also
filtered and degassed before use into the HPLC system.

Table-1: List of Instruments:

Sr. No. Instruments Make
1 HPLC Waters 2695 separation module with PDA detector 2998
2 pH meter Labindia
3 Analytical Weighing balance Mettler Toledo
4 Digital ultra sonicator Labman
5 UV — Vis Spectrophotometer Scimadzu
Table-2: List of Chemicals:
Sr. No. | Name of Chemicals Manufacturer/Supplier
1 Valbenazine Jubilant generics
2 Methanol (AR grade) Merck
3 Hydrochloric Acid (AR grade) Rankem
4 Water (HPLC Grade) Milli-Q
5 Acetonitrile (AR grade) Merck
6 Sodium Hydroxide (AR grade) Rankem
7 Potassium Dihydrogen Phosphate (AR grade) Rankem

RP-HPLC METHOD DEVELOPMENT: [5,6, 46-49]

Standard preparation:

10 mg Valbenazine was weighed and transferred into 100 mL volumetric flask containing about 70 mL of Diluent
(Water: Methanol 30:70) . The solution was sonicated for 15 min to dissolve the drug completely and the volume made
up with mobile phase to get the concentration of Valbenazine of 100 mg/mL solution. Further dilution was carried to get
concentration of 20, 40, 60, 80, and 100 pg/mL of Valbenazine.

Chromatographic conditions:

For quantitative analysis of Valbenazine by RP-HPLC method, the mobile phase was comprised of Potassium
dihydrogen ortho phosphate (pH 6.80) and acetonitrile in the ratio of 70:30 (v/v) at a flow rate of 1.0 mL/min. The
injection volume was 10 pL for standard solutions. The run time was set for 15 min. Before analysis, every standard was
filtered through 0.45 pm filter tips. The mobile phase was also filtered, sonicated and degassed before use. The column
eluate was monitored with a PDA detector at 240 nm. All analyses were done at ambient temperature under isocratic
condition.
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Procedure:
Inject the samples by changing the chromatographic conditions and record the chromatograms, note the conditions of
proper peak elution for performing validation parameters as per ICH guidelines.

METHOD VALIDATION: [4,5, 26-34]
The methods were validated for different parameters like linearity, accuracy, precision, robustness, LOD, LOQ, etc.

Linearity:

The linearity of the developed method was performed with a concentration range of 20, 40, 60, 80 and 100 pg/mL by
injecting repeated thrice times. The average peak areas were plotted against respective concentration. The linearity of
the proposed method was evaluated by using calibration curves to calculate coefficient of correlation and intercept
values.

Accuracy:

The accuracy of the method was evaluated by determination of recovery of Valbenazine at three levels of concentrations
at three times. The standard solutions were corresponding to 80%, 100% and 120% of nominal analytical
concentrations.

Precision:

The precision of the method was demonstrated by intra-day and repeatability variation studies. In intra-day precision
was established by analyzing three replicates over six concentrations (10pg/mL) of Valbenazine. Inter-day precision
was carried out by six concentrations with three replicates for consecutive 3 days. The precision was expressed as
%RSD amongst responses using the formula [%RSD = (standard deviation/mean) x 100 %].

Robustness:
Robustness of the proposed method was determined by small deliberate changes in flow rate (0.8, 1, 1.2 mL/min),
change in organic composition of mobile phase ratio (£2%).

LOD and LOQ:

The limit of detection (LOD) and limit of quantification (LOQ) of the developed method were determined by injecting
progressively low concentrations of the standard solutions for six times. LOD was calculated as 3.3*c/S and LOQ was
calculated as 10*o/S.

System suitability:

A standard solution of Valbenazine was prepared as per procedure and was injected six times into the HPLC system.
The system suitability parameters were evaluated from standard chromatograms obtained by calculating the %RSD of
retention times, tailing factor, theoretical plates and peak area from six replicate injections.

FORCED DEGRADATION STUDY OF VALBENAZINE: [5,7, 21-29]
Forced degradation of the drug was carried out as per the ICH guideline. The forced degradation study of Valbenazine
was performed in acidic, alkaline and oxidant media, under UV radiation and thermal conditions.

Acidic degradation:

A 50 mL volumetric flask containing 50 mg of Valbenazine and 5 ml of 0.1M HCI was used to conduct the experiment.
The mixture was neutralized with 5 ml of 0.1M NaOH after being held at room temperature for 24 hrs and the
chromatogram was recorded.

Alkaline degradation:
In a 50 mL volumetric flask, 5 ml of 1M NaOH was added to 50 mg of Valbenazine. After being kept for 30 min, the
mixture was neutralized with 5 mL of 1M HCI, and the chromatogram was taken.

Oxidative degradation:
By adding 5 mL of 30% H,0, to 50 mg of Valbenazine in a 50 mL volumetric flask, oxidative degradation was carried
out. The chromatogram was then recorded while the mixture was maintained at ambient temperature for 30 min.

Photolytic degradation:
Valbenazine was photolytically degraded by being exposed to 1.2 million Lux hours and chromatogram was recorded.
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Thermal degradation:

Placed sufficient amount of Valbenazine in petri dish and covered with aluminium foil and made holes on aluminium
foil with pointed object. Kept it in hot air oven at 80° C for 48 hrs. After 48 hours sample was taken out and kept in
desiccator to reach at room temperature subjected Valbenazine prepared as per sample preparation method.

RESULT AND DISCUSSION:

Optimization of Mobile Phase:

The goal of method development was to produce sharp peaks for the active pharmaceutical ingredient with a resolution
of more than two and a less asymmetric factor. VVarious mobile phases (water, methanol, acetonitrile, buffers of various
pH ranges) were attempted in order to generate a distinct and well-defined drug peak. So the mobile phase ratio of
Phosphate buffer (pH 6.60): Acetonitrile (70:30) which showed good chromatography and this ratio was finalized for
the entire study.
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Fig-2: Optimized chromatogram of Valbenazine comprising of Phosphate buffer (pH 6.80): Acetonitrile (70:30) as a
mobile phase.

System suitability:

For the system suitability % RSD for the area of 6 replicates of standard solution was found to be NMT 2.0,
theoretical plates were found to be NLT 2000 and Asymmetry was found to be NMT 2.0. Hence the system suitability
passes all the criteria.

Table-3: System suitability of Valbenazine

Replicates Area USP Tailing | USP Plates RT Mean SD %RSD
Replicate 1 61580924 | 1.08 15064 10.723
Replicate 2 61631780 | 1.08 15075 10.71
Replicate 3 61510307 | 1.07 15059 10.699
Replicate 4 61567610 | 1.08 15078 10.719 61574913 | 50079.45 | 0.08
Replicate 5 61629438 | 1.08 15066 10.72
Replicate 6 61529421 | 1.07 15055 10.678
Linearity:

The calibration curves were obtained by plotting the peak area versus concentration over the range of 20 — 100 pg/mL
with a correlation coefficient of 0.998.
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Table-4: Linearity of Valbenazine

Level Conc (ug/mL) | Area Mean STD DEV % RSD
49499521
80 80 49458203 49478951 20659.579 0.042
49479130
55563330
90 90 55593074 55565902 25982.128 0.047
55541301
61594666
100 100 61634075 61597748 34888.248 0.054
61564503
67586326
110 110 67549130 67548517 38119.701 0.056
67510094
73617601
120 120 73650897 73614880 37451.707 0.051
73576142
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Accuracy:

Fig-3: Calibration curve of Valbenazine

Accuracy at each levels 80 %, 100 % and 120 % was prepared in triplicate and recovered concentration verses the
added concentration was determined and % recovery was found within the acceptable range of 98.0 % to 102.0 %.

Table-5: Accuracy study of Valbenazine

% Accuracy | Area Recovered Conc. | Added conc. | % Recovery | Mean Recovery
49461281 80.314 81 99.15

80 49510734 80.395 80.5 99.87 99.15
49405095 80.224 81.5 98.43
61609704 100.042 100.5 99.54

100 61947130 100.59 100.5 100.09 99.49
61486034 99.841 101 98.85
73593905 119.502 121 98.76

120 73571910 119.466 121 98.73 99.91
73651765 119.596 120.5 99.25
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Precision:

Precision for six tests (About 100 ug/mL of Valbenazine) was performed and % assay for individual as well as for mean
assay value was found within the acceptable criteria 98.0 to 102.0% and % RSD for 6 samples was also NMT 2.0.
Precision passes the criteria, no variation found by preparing six different samples. Results are good and reproducible.

Robustness:

Table-6: Precision of Valbenazine

Intra Day Precision

Sample Area % Assay
Sample 1 61681761 99.17
sample2 61904728 100.52
sample 3 61604785 98.56
sample 4 61527907 98.92
sample 5 61547813 99.44
sample 6 61990378 100.66
Mean 99.55
STD. Dev. 0.861
% RSD 0.865
Repeatability
Sample Area % Assay
Sample 1 61760794 98.8
sample2 61248281 98.96
sample 3 61970431 100.63
sample 4 61938704 98.6
sample 5 61560779 99.46
sample 6 61583710 99.01
Mean 99.24
STD. Dev. 0.736876
% RSD 0.743

Table-7: Robustness study of Valbenazine

Change in Flow Rate

Parameter UsP Chan

Condition s Area Plate e g RT Mean SD %RSD
S

High 61594666 | 15064 10.723

High 61593997 | 15060 | 1.2ml | 10.719 2159435 336'7 0.00
Clow Rae|-HI9N 61594399 | 15070 10.721

Low 60664159 | 15044 10.992 5066408

Low 60663997 | 14997 | 0.8 ml | 10.979 ) 81.25 | 0.00

Low 60664089 | 15065 10.997
Change in Composition

(o)

Condition Earameter Area USP Plates Change RT Mean SD S)RS

High 61585997 15051 _ 10.755

High 61585988 15061 El”ffer'AC 10.749 | 61585991 | 4.93 | 0.00
Compositio | High 61585989 15064 10.751
n Low 60564589 15055 _ 10.619

Low 60564498 15044 El”ffer'AC 10.62 60564557 21'1 0.00

Low 60564584 15050 10.622

Chromatography was not compromised by changes in the wavelength, changes in the flow rate of mobile phase and
changes in the column oven temperature and system suitability was found within acceptable range at each levels. So we
can conclude that the method is robust.
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Forced Degradation Study:
Acid hydrolysis:
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Fig-4: Chromatogram of Acid degrada?ion for 0.1 N HCI for 24 hrs.
Chromatogram of acid hydrolysis (0.1 N HCI) performed at room temperature for 24 hrs showed 14.79 % of
degradation with two degradation peaks at R.T. 2.455 for the first degradation peak and 1.974 for the second
degradation peak.

Base hydrolysis:

Auto-Scaled Chromatogram
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Fig-5: Chromatogram of base degradation of 1 N NaOH for 30 minutes.

Chromatogram of a base hydrolysis by using 1 N NaOH at room temperature for 30 minutes showed 9.16 % of
degradation with degradation peak at R.T. 3.299 for the first degradation peak.
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Oxidative degradation:
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Fig-6: Chromatogram of peroxide degradation of 30% Hydrogen peroxide for 30 minutes.

Valbenazine showed 13.25 % degradation for peroxide stress study by using 30% H,O, for 30 minutes at room
temperature. For peroxide stress study degradation product was obtained with R.T. of 2.302.
The drug was found to be stable for thermal and photolytic degradation conditions.

SUMMARY OF STABILITY DATA:
Table-8: Summary of Forced Degradation Study of Valbenazine

Sample Name Treatment | Exposure condition % Assay | % Degradation
Valbenazine | NA 100.00 NA
Thermal 60°C for 72 Hours 100.00 NA
API Photolytic Sunlight for 7 Days 100.00 NA
Acid 0.1IN HCI for 24 hrs at R.T. 85.21 14.79
Base 1N NaOH for 30 minutes at R.T. 90.84 9.16
Peroxide 301% H,0, for 30 minutes at R.T. | 86.75 13.25
Conclusion:

Forced degradation of Valbenazine in various conditions like alkaline, acidic, oxidation, UV radiation and thermal
degradation was observed in this investigation. The content of degradation of the drug was quantitatively analyzed by
RP-HPLC. For this purpose a new RP-HPLC method was developed and validated that was also mentioned in this
paper. It was found that degradation in acidic condition was greater than in alkaline and peroxide condition. In oxidation
degradation of Valbenazine was significant. The drug was not degraded under exposing UV radiation and in the thermal
condition.
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