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d validation of the RP-HPLC
method for quantification of tavaborole

Shiv Kumar Prajapati, a Ankit Jain *b and Meenakshi Bajpai a

The stability-indicating approach for tavaborole quantification was developed and validated to establish

a precise, linear, accurate, and robust HPLC method. The development section includes optimizing the

detection wavelength, the mobile phase ratio, and the type of column used to achieve the best possible

separation and sensitivity for analysis. The chromatographic conditions were established, considering

peak symmetry, resolution, and retention time. The mobile phase composition, comprising a buffer:

acetonitrile (75 : 25, %v/v), with an injection volume of 15 mL, showed suitable elution and recovery at

265 nm. A constant column oven temperature of 35 °C and a 1 mL min−1
flow rate were maintained. The

pH of the buffer was changed to 3.0 by using orthophosphoric acid. Linearity was observed from 5 to

1000 ppm (r2 = 1.00000). The capacity (retention) factor (k) of 3.43 was observed, indicating significant

interaction and good separation. Forced degradation (FD) or stress tests were performed for chemical

and physical photolytic stress conditions, and the results observed were within the specified limits. The

stability in the analytical solution was observed for up to 35 hours at 5 °C, confirming the stability of the

solution. Validation of the developed HPLC method confirmed the system's suitability, precision, linearity,

accuracy, FD, robustness, and results. All validation criteria for the technique were within acceptable limits.
1. Introduction

Onychomycosis, affecting millions worldwide, targets nails.
Dermatophytes, molds, and even yeast can be the major cause
of this common infection. Although onychomycosis generally
follows a benign chronic clinical course, it can lead to compli-
cations in certain patient groups, particularly those with dia-
betes and peripheral vascular disease. This condition is
identied by nail dystrophy, discoloration, and thickening, with
a prevalence of 50% among patients over 70 years of age.1,2

Psoriasis, peripheral vascular disease, Ram's horn nail (ony-
chogryphosis), immunosuppression, hyperhidrosis, diabetes,
aging, onycholysis, or nail damage are some factors leading to
onychomycosis.3,4 TVB is a novel broad spectrum boron-
containing topical antifungal drug substance that belongs to
the oxazole class developed for the treatment of toenail ony-
chomycosis. The chemical formula of TVB is 5-uoro-1,3-
dihydro-1-hydroxy-2,1-benzoxaborol with a molecular weight
of 151.93 g mol−1 (Fig. 1).5,6 TVB is known for its antibacterial
attributes and was specically selected for its applications in
fungal infection treatment.7,8 The antifungal activity of TVB is
due to the 5-uoro group, and its hydrophilicity was improved
by substituting a 1-phenyl with 1-hydroxy group.9 The
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compound TVB demonstrated sustained release behavior even
in the presence of keratin by penetrating through the nail
compared to other oxaborole (10%) and ciclopirox (8%) nail
lacquer,10 conrming the low protein binding activity. TVB 5%
topical solution has received USFDA approval for treating ony-
chomycosis triggered by Trichophyton mentagrophytes or Tri-
chophyton rubrum.11 These are the signicant dermatophytes
that cause onychomycosis. Tavaborole explicitly blocks protein
synthesis by inhibiting leucylaminoacyl transfer RNA
synthetase.12

Previously, Tampucci et al. developed the HPLC-UV method
to analyze TVB during experimental transungual permeation
studies. To quantify TVB, samples were taken from the receiving
phase, and the bovine hoof membrane was extracted to quantify
the TVB. This approach involved a simple solid–liquid extrac-
tion procedure. The method exhibited good linearity, with the
coefficient of variation for intraday and interday precision
Fig. 1 Structure of tavaborole.

This journal is © The Royal Society of Chemistry 2024

http://crossmark.crossref.org/dialog/?doi=10.1039/d4ay00943f&domain=pdf&date_stamp=2024-07-27
http://orcid.org/0000-0001-9089-579X
http://orcid.org/0000-0001-8131-1860
http://orcid.org/0000-0002-4440-4635
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d4ay00943f
https://pubs.rsc.org/en/journals/journal/AY
https://pubs.rsc.org/en/journals/journal/AY?issueid=AY016030


Paper Analytical Methods

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

1 
Ju

ly
 2

02
4.

 D
ow

nl
oa

de
d 

on
 7

/2
1/

20
25

 2
:4

6:
56

 P
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online
below 2%, indicating good sensitivity and precision.13 Puppala
et al. reported oxidative degradation of TVB in RP-UPLC when
triuoroacetic acid buffer and acetonitrile were used as the
mobile phase. The TVB remained stable aer acidic and alkali
treatments, as well as in thermal and photolytic conditions.
Exposure to oxidizing conditions, mimicked by H2O2, revealed
the drug's instability under stress conditions.14

Sheela et al. reported the UV-based analytical method for
TVB determination via techniques, i.e., D0 and D1 can accurately
determine TVB levels in various reagents, including methanol,
water, and phosphate buffer (pH 2, 4, 7), HCl, NaOH, and borate
buffer (pH 9), respectively.15 Existing research suggests a gap for
a simple, accurate, robust, and highly sensitive method to
quantify TVB.

The novel RP-HPLC approach for TVB quantication
described here provides key advantages, including optimized
separation efficiency, increased sensitivity, and cost-
effectiveness. Parameters such as mobile phase composition,
column selection, and detection wavelength were carefully
optimized. The method utilizes an Xterra RP18 column,
a mobile phase consisting of a potassium dihydrogen phos-
phate buffer and acetonitrile, and a higher detection wave-
length. This conguration improves peak resolution, reduces
retention time, and minimizes interference. Additionally, the
method exhibits greater robustness and reproducibility,
making it suitable for routine analytical applications. The
optimized mobile phase is cost-effective and provides better
method stability, enhancing efficiency and applicability in
various practical scenarios. The methods described here have
been validated according to the ICH recommended
guidelines.16,17

2. Material and method
2.1. Chemicals and reagents

Acetonitrile, OPA, KH2PO4, and NaOH, were obtained from
Merck, Germany. HPLC water, HCl, and H2O2 were purchased
from Qualigens, India. TVB was received from Starshine
Chemicals, China. All the reagents used during analysis were of
Emplura or analytical grade unless indicated otherwise.

2.2. Instrumentation and chromatographic conditions

The analysis was carried out by Shimadzu Prominence-I
(Prominence-I LC-2030 plus; LabSolutions Soware) with a UV
and PDA detector and Innity 1260 (Innity 1260, Open lab 2.3
Soware) equipped with an autosampler, employing an Xterra
RP18 column (5 mm, 4.6 × 150 mm).

2.3. Chromatographic method development

To achieve optimal separation and sensitivity, some parameters
were systematically investigated. These included the ow rate of
the mobile phase, its composition, the volume of sample
injected into the system, and the temperature at which the
separation process was carried out. Each parameter has been
carefully adjusted and tested to determine the optimal perfor-
mance conditions considering resolution and detection limits.
This journal is © The Royal Society of Chemistry 2024
The chromatographic conditions were optimized, considering
factors such as peak symmetry, tailing factor, theoretical plate,
and retention time.18,19 TVB has a partition coefficient of 1.28,
indicating that it is hydrophobic, and a dissociation constant
value of 8.36, indicating ionization in basic solutions. However,
the ionization can be controlled using an acidic mobile phase.20

The mobile phase composition comprising buffer solutions of
potassium dihydrogen phosphate (KH2PO4, pH – 3.0, 25 mM)
which is considered mobile phase A and organic solvents such
as acetonitrile (100%) or methanol (100%) were used as mobile
phase B and used in different ratios, i.e., 50 : 50% v/v; 60 : 40% v/
v and 75 : 25% v/v. The pH wasmodied to 3.0 with diluted OPA.
Column temperature (35 and 40 °C) and injection volume (20–
50 mL) were evaluated at 1 mL min−1

ow rate.

2.4. Preparation of standard solution

The TVB stock solution was precisely prepared to achieve
a concentration of 1000 ppm. 100 mg of TVB was accurately
weighed using an analytical balance and dissolved in 5 mL of
methanol. Methanol volume was previously measured using
a graduated pipette to ensure volumetric accuracy. The stock
solution was subsequently diluted to 100 mL with water as the
diluent to achieve the concentrations required for analysis.
Working solutions were then prepared by diluting the initial
stock solution into various concentrations, which were tailored
to the specic concentration required for studies.

3. Method validation

The HPLC methodology developed for quantifying TVB under-
went validation per the ICH Q2 (R2).17 The validation was
thoroughly evaluated to ensure the reliability and robustness of
the method. Parameters including accuracy, precision, line-
arity, robustness, stress testing, and solution stability were
measured to determine the method for its envisioned analytical
outcomes.

3.1. Specicity and forced degradation

Specicity is conrmed when the analyte peak is distinctly
separated from other peaks. To evaluate the ability of the HPLC
method to distinguish the standard, sample, and blank injec-
tions were performed.21 FD is a method used to induce the
degradation of TVB under settings exhibiting greater severity
than the accelerated conditions and undergoes decomposition
to produce degradation components that serve as an indicator
of the drug molecule stability and the chemical behavior of the
drug, which further support the pharmaceutical product
development and their packaging.22–24 As per the ICH guideline,
the FD study aims to disclose potential degradation products to
assist in evaluating the stability and reveal degradation path-
ways. It also validates the stability-indicating methods used.25

Stress conditions recommended by the ICH for degradation
studies include acid, base, photolytic, thermal, and humidity-
induced degradation.16,26 The primary goal is to detect any los-
ses of analytes and the subsequent formation of degradation
products.
Anal. Methods, 2024, 16, 5280–5287 | 5281
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Acid degradation was carried out with 0.5 N HCl. To the
sample solution, 10% of the nal volume was added and
meticulously stirred. Subsequently, 0.5 N NaOH was used to
neutralize the mixture, and the volume was adjusted and
analyzed immediately. The alkali degradation was carried out
using 0.5 N NaOH. 10% of the nal volume was added to the
sample solution, mixed thoroughly neutralized with 0.5 N HCl,
and injected immediately into the HPLC system. Peroxide
degradation was carried out with 30% of H2O2. 10% of the nal
volume was added to the sample solution, stirred well, kept at
room temperature for 1 hour, and immediately injected into the
HPLC system. Thermal degradation was carried out by keeping
the TVB at 105 °C for 3 hours and then analyzed. Humidity
degradation was performed by keeping the weighed TVB in the
humidity chamber at 95% relative humidity for 24 hours and
then analyzed. The API sample underwent photodegradation
and was exposed to UV-A (200 W h m−2) and visible light (1.2
million lux hours) at 25 °C. A control API sample (wrapped in
aluminum foil) was also kept in the photostability chamber.
3.2. System suitability

The HPLC technique was evaluated to determine its suitability
for the intended analytical application and to verify its repro-
ducibility. A solution containing TVB at a known concentration
of 500 ppm was analyzed in six replicates for this evaluation.
The suitability of the method was determined by assessing the
tailing factor and column efficiency in terms of theoretical
plates, i.e., 1500, and % RSD should not exceed 2.0%.
3.3. Precision

System precision was estimated from the 06 replicates of the
standard solution on the same day and under the same chro-
matographic conditions. For method precision, the six repli-
cates of the sample solution (500 ppm) were assessed within
a day, and the RSD and % assay were determined. Six replicates
of 500 ppm sample solution were analyzed on different days,
varied HPLC, and different columns for intermediate precision.
The RSD (#2%) of the peak areas and % assay for TVB were
measured.
3.4. Linearity, range, LOD, and LOQ

The linear response was measured by preparing various line-
arity concentrations ranging from 1% (5 ppm) to 200% (1000
ppm). By plotting the peak area against analyte concentrations,
a calibration plot was constructed, and an equation was
generated for the quantication of TVB based on the peak areas
obtained during analysis. The correlation coefficients (r2), slope
and intercept were determined from their respective calibration
plots. The r2 should 0.999. LOD is the minimum detectable
sample concentration but not quantiable under specied
conditions, while LOQ is the lowest determinable concentra-
tion. A statistical approach was used to establish the limits of
detection and quantication. This involved the use of a cali-
bration curve containing analyte concentrations in close prox-
imity to the respective limits. The limits were computed using
5282 | Anal. Methods, 2024, 16, 5280–5287
the equations for detection and quantitation limit by applying
3.3s/s and 10s/s, respectively.27

3.5. Accuracy

The sample solution was prepared and analyzed in triplicate at
each level by spiking the TVB standard in diluent at about 1% (5
ppm) to about 200% (1000 ppm) of the sample concentration.
The percentage recovered was calculated to demonstrate the
accuracy of the analyte. Individual and average percent recovery
had to be between 98.0% and 102.0%, and the % RSD had to be
below 2.0% at each level.28

3.6. Robustness

The robustness evaluation of the method for determining TVB
involved minor alterations in chromatographic conditions in
the factors described in Table 4. This evaluation was conducted
to conrm whether the method can maintain the reliability and
integrity of the analytical process.29 System suitability parame-
ters including tailing factor ( 2) and theoretical plates ( 1500)
must meet the requirements under various robustness condi-
tions. The assay value should also not deviate >±2% from the
control condition.

3.7. Solution stability

Stability in analytical solution (SIAS) was evaluated by keeping
the samples in an HPLC sample tray at 5 °C. The stability was
analyzed initially and at varied time spans for up to 35 hours,
ensuring that the % cumulative RSD did not exceed 2.0%. In
addition to monitoring the % RSD, parameters such as peak
area, retention time, and peak shape were monitored to ensure
SIAS. Performing SIAS ensures accurate results and regulatory
compliance by conrming that the analyte remains stable
during analysis.

4. Result and discussion
4.1. Method development and optimization

A novel RP-HPLC approach for the quantication of TVB was
developed and validated to establish a precise, linear, accurate,
and robust method. This analysis achieved exceptional separa-
tion and sensitivity through meticulous optimization of the
mobile phase, column selection, and wavelength. Several
parameters have been carefully considered to ensure optimal
separation and sensitivity. These parameters included peak
interference, peak purity, peak shape (peak symmetry) and
retention time. Peak interference wasminimized to ensure clear
and distinct separation of analytes. Peak purity was assessed to
conrm that each peak represented a single component without
co-elution. The peak shape was optimized to achieve sharp and
symmetrical peaks, enhancing the method's sensitivity and
accuracy.30 The careful selection of an appropriate stationary
phase plays a crucial role in developing a method using HPLC.
The consistent nature of the column ensures not only its
effectiveness and reproducibility but also uniformity
throughout.31 The column used during development was Xterra
RP18 5 m, 4.6 × 150 mm. The mobile phase composition,
This journal is © The Royal Society of Chemistry 2024
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Table 1 Optimization of mobile phase

Acceptable value Results

Mobile phase (A : B) — 50 : 50 60 : 40 75 : 25
tR (min) — 2.87 3.58 6.12
Tailing factor 0.9 and 1.4 1.23 1.32 1.11
Theoretical plates >2000 5235 6548 7863
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comprising buffer solutions potassium dihydrogen phosphate
(25 mm, pH – 3.0) considered as mobile phase A, and organic
solvents such as acetonitrile (100%) considered as mobile phase
B was used in different ratios i.e., 50 : 50% v/v; 60 : 40% v/v and
75 : 25% v/v, signicantly inuenced peak separation with the tR
of 2.87 min, 3.58 min, and 6.87 min respectively. Initially, the
TVB retention was observed at 2.87 min when the acetonitrile
concentration was 50%, and when the acetonitrile concentra-
tion was 40%, the retention was observed at 3.59 minutes; in
both cases, there was co-elution and poor separation, which can
lead to loss of sensitivity and interference. The retention factor
“k” was observed to be 3.43, indicating signicant interaction
and good separation.

Furthermore, peaks may not be well resolved, making it
difficult to distinguish individual components in the sample.
With a decreasing proportion of acetonitrile to 25%, the tR
increased to 6.12 min and gave better results (Fig. 2, Table 1).
Furthermore, the COT was established at 35 °C and 40 °C, and
the ow rate varied among 50 mL, 25 mL, 20 mL, and 15 mL. The
OPA was used to adjust the pH of the buffer to 3.0. The mobile
phase composition of 75 : 25 (%v/v) potassium dihydrogen
phosphate: acetonitrile, with the optimized ow rate of 15 mL
injection volume, showed good elution and recovery at 1
mL min−1 of ow rate and a COT of 35 °C. During the method
development phase, the primary goal was to identify a phar-
maceutical compound employing simple and robust analytical
techniques. Furthermore, the method needed to be cost-
efficient, reproducible, and adaptable for routine analytical use.

The previous method by Tampucci et al. utilized a Luna PFP
column (150 × 4.6 mm, 5 mm) with a mobile phase of 70%
phosphoric acid solution (10 mM, pH 2.0) and 30% acetonitrile,
a detection wavelength of 220 nm, and an observed retention
time of 8.3 minutes.13 The new method employs an Xterra RP18
column (150 × 4.6 mm, 5 mm), with a mobile phase of potas-
sium dihydrogen phosphate buffer (25 mM, pH 3.0) and
acetonitrile (75 : 25), and a detection wavelength of 265 nm. The
use of the Xterra RP18 column offers improved separation
efficiency and peak resolution and is comparatively cost-
effective and easily available, while the higher detection wave-
length of 265 nm provides better sensitivity and selectivity,
Fig. 2 TVB chromatogram by varying mobile phase composition: (A)
50 : 50; (B) 60 : 40; and (C) (75 : 25) pump ratio of mobile phase (A : B).

This journal is © The Royal Society of Chemistry 2024
reducing interference from other components. Additionally, the
mobile phase is cost-effective, as it uses less acetonitrile, and
the pH 3.0 buffer provides better method stability. Furthermore,
a retention time of approximately 6.8 minutes was observed,
enhancing throughput and efficiency by reducing the run time.
These improvements make the new method more efficient and
economical, suitable for routine analysis in various practical
applications.
4.2. Method validation

Validation studies demonstrated the reliability and suitability
of the method for the quantitative analysis of TVB. Parameters
including precision, linearity, accuracy, specicity, and
robustness were evaluated according to guidelines.

4.2.1. Specicity and forced degradation. The FD studies of
TVB were conducted to evaluate its stability prole under
different stress conditions (Table 2). This analysis aims to
clarify possible degradation pathways and assess the drug's
susceptibility to chemical, physical, and photolytic degrada-
tion.32,33 Under chemical degradation conditions, TVB showed
degradation when exposed to an acidic (0.5 mL 0.5 NHCl), basic
(0.5 mL 0.5 N NaOH), and peroxide (0.5 mL 30% H2O2) envi-
ronment. Acidic and basic conditions led to hydrolysis-
mediated degradation, with 6.68% and 8.13% degradation
rates, respectively. The peroxide-induced degradation, likely
due to oxidative reactions, resulted in the highest degradation
rate of 22.93%. Physical stress testing, such as thermal degra-
dation (3 hours at 105 °C) and humidity degradation (95% RH
for 24 hours), also affected TVB stability. Thermal degradation
caused a degradation rate of 6.12%, indicating susceptibility to
heat-induced degradation. Thermal degradation caused
a degradation rate of 6.12%, indicating susceptibility to heat-
induced degradation. However, exposure to humidity resulted
in minimal degradation (1.73%), suggesting relative stability
under high humidity conditions. Regarding photolytic degra-
dation, TVB remained stable when protected from light (dark
conditions covered with aluminum foil).

However, exposure to light (1.2 million lux hours & 200 watt
hour m−2 under open conditions) resulted in a degradation rate
of 3.17%, indicating susceptibility to light-induced degradation.
The forced degradation studies demonstrated that TVB
remained within acceptance criteria for total degradation
(below 30%). Chromatograms are illustrated in Fig. 3. The
observed degradation pathways provided insights into possible
degradation mechanisms and supported the development of
appropriate storage and handling protocols. Furthermore,
conrmation of method specicity by chromatographic analysis
Anal. Methods, 2024, 16, 5280–5287 | 5283
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Table 2 Forced degradation of TVB

Condition Sample treatment Assay (%) tR (min) % Degradation Peak purity

Control No treatment 99.31 6.82 — 1.000000
Acidic 0.5 mL–0.5 N HCl; immediate 92.60 6.81 6.71 1.000000
Alkali 0.5 mL–0.5 N NaOH; immediate 91.18 6.82 8.14 1.000000
Peroxide 0.5 mL–30% H2O2; immediate 76.47 6.84 22.84 1.000000
Humidity 95% RH; 24 hours 97.52 6.84 1.79 1.000000
Thermal 3 hours; 105 °C 93.19 6.83 6.12 1.000000
Photostability control Dark condition UV light; 7 days; 25 °C 95.41 6.87 — 1.000000
Photostability UV light; 7 days; 25 °C 93.67 6.87 1.73 1.000000

Fig. 3 Chromatograms showing forced degradation studies of TVB
under varied settings: (A) control (B) acidic; (C) basic; (D) peroxide (E)
humidity (F) thermal (G) photostability control (H) photolytic degra-
dations (I) standard chromatogram.
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conrmed the reliability of the assay method for assessing TVB
stability. These results contribute to the broader research to
ensure safety and efficacy.

4.2.2. Evaluation of system suitability. Six identical injec-
tions of the system suitability solution were introduced into the
HPLC system to assess resolution, retention time, column effi-
ciency and repeatability. Fig. 3(I) illustrates the standard chro-
matogram. Statistical analysis showed no signicant deviations
in peak area, retention time, theoretical plate count ( 1500
theoretical plates), or tailing factor ( 2). The % RSD for these
parameters was found to be <2.0% (Table 3).

4.2.3. Evaluation of precision. The system precision results
revealed that the % RSD of the TVB peak area was 0.19%, which
was well within the acceptance criteria. Moreover, the theoret-
ical plate count and tailing factor from the rst injection of the
standard were 8601.6 and 1.12, respectively, meeting the spec-
ied criteria. Method precision assessments showed that %
assay for each preparation met the specication limit, with the
% RSD of TVB content for six sample preparations observed at
a commendably low 0.38%. Intermediate precision analyses
revealed % assay for each preparation on different days, using
different HPLC and columns, all meeting the specication
limit. The% RSD of assay results across six sample preparations
was 0.53%, while the overall % RSD of replicate test prepara-
tions from both method and intermediate precision was
a satisfactory 0.69%. These ndings demonstrated ruggedness
to various variables, such as different HPLC instruments,
5284 | Anal. Methods, 2024, 16, 5280–5287
columns, and days, conrming its precision and reliability in
analytical settings (Table 3).

4.2.4. Evaluation of linearity. The linearity of TVB response
was evaluated at concentrations from approximately 1% (5
ppm) to 200% (1000 ppm) of the standard concentration range
(Table 3). Standard solutions within this range were prepared
and subjected to analysis using the proposed method. A corre-
lation coefficient of 0.999 is used as a measure of acceptance.
The linear equation Y = 3.14x – 1.3971 was observed, and the
goodness-of-t or correlation coefficient was found to be
1.00000. The linearity is shown graphically in Fig. 4. The
detection and quantitation were calculated using the y-intercept
SD and the slope of the calibration curve; the LOD and LOQ
values were observed at 1.47 ppm and 4.45 ppm, respectively.

4.2.5. Evaluation of accuracy. The “accuracy” parameter
was evaluated by spiking the TVB standard in the diluent at
about 1% (5 mg mL−1) to about 200% (1000 mg mL−1) of the
sample concentration in triplicate at each level, demonstrating
good recovery rates, which are within acceptable criteria. All
samples exhibited complete recovery at the 1% level, with
a mean recovery of 100.00% and negligible % RSD of 0.00%.
Similarly, at higher concentration levels (50%, 100%, 150%, and
200%), the samples consistently showed recovery rates close to
100%, ranging from 99.20% to 100.06%. The overall mean
recovery was 99.64%, with an overall % RSD of 0.31%, indi-
cating excellent accuracy of the analytical method used to
quantify TVB. The data are shown in Table 3.

4.2.6. Evaluation of robustness. The proposed method was
validated for robustness by examining the sample and the
standard TVB solution, showing minor changes (Table 4).
Despite intentional parameter adjustments, comparative anal-
ysis using the optimized method revealed no signicant change
in retention time, tailing factor, SD, % RSD, and theoretical
plates. The system suitability parameters complied under each
robustness condition, and the TVB peak tR remained consistent.
TVB assay values were within the specied acceptance criteria.
Variations in ow rate (±10%), COT (±5 °C), mobile phase
composition (±2%), and the detection wavelength (±5 nm) all
met the acceptance criteria, indicating the robustness of the
method to pre-meditated analytical changes. Consequently, the
method proves to be robust for its intended application.

4.2.7. Evaluation of stability in analytical solution. The
SIAS over different time period showed a % cumulative RSD of
0.30 and 0.18 up to 35 hours at 5 °C, respectively, for standard
This journal is © The Royal Society of Chemistry 2024
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Table 3 Precision, linearity and accuracy of TVB

System suitability

Concentration tR Peak area

500 ppm 6.93 1570.87
6.93 1565.23
6.94 1565.67
6.94 1565.33
6.94 1562.02
6.95 1563.24

Average 6.94 1565.39
SD 0.01 3.04
RSD 0.11 0.19

Precision

Precision parameter System precision Method precision
Intermediate
precision

% RSD 0.19 0.38 0.53
Theoretical plate
count

8602 8602 7611

Tailing factor 1.12 1.12 1.1
% Assay — 98.3 97.3

Ruggedness

Overall SD 0.67
Overall RSD 0.69

Linearity

Concentration
(ppm) Mean area

Observed
concentration
(ppm)

5 10.790 3.0
50 159.841 50.46
150 474.033 150.52
250 787.426 250.33
375 1170.487 372.32
500 1562.972 497.32
625 1958.909 623.41
750 2353.390 749.04
1000 3143.168 1000.56

Accuracy

Accuracy range
(%)

Recovery
(%) SD RSD (%)

1 100 0 0
50 99.73 0.24 0.25
100 99.32 0.14 0.15
150 99.34 0.09 0.09
200 99.81 0.22 0.22

Fig. 4 (A) Chromatogram of TVB standard solution; (B) linearity plot;
and (C) overlay.
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and sample solutions. These ndings indicate that both solu-
tions remain stable for up to 35 hours. These results are relevant
to demonstrate the reliability of the HPLC method used to
analyze TVB. A low % cumulative RSD value indicated good
stability, vital for accurate and reproducible results. The
stability of the standard and sample solutions over 35 hours at
This journal is © The Royal Society of Chemistry 2024
5 °C substantiates the reliability and efficacy of the method-
ology, instilling condence in the precision of the analytical
ndings.
5. Application of method

An RP-HPLC method, ensuring it aligns with ICH guidelines,
specically tailored to measure TVB. The approach has been
characterized and conrmed to be rapid, simple, precise,
accurate, and specic in its ability to quantify TVB levels accu-
rately. Runtime of 10minutes enables the analysis of samples in
a short time, tailoring it for regular examination of TVB in
formulations and ensuring that the analysis is rapid and
reliable.

The methodology carefully considered factors such as cost-
effectiveness, simplicity, equipment compatibility, solvent
suitability, analysis speed, and adaptability. These factors are
crucial for routine analysis and are effectively addressed in this
approach. TVB's quantitative estimation and assay results are
within acceptable limits using an optimized and validated
HPLC method, demonstrating its effectiveness. Furthermore,
the developed chromatographic method shows promise in the
analysis of samples from accelerated stability experiments and
routine formulation testing, incorporating its potential for
practical use, which extends to aiding in the identication and
quantication of degradation products in formulation, thus
contributing to the enhancement of quality and safety
measures. Stability studies conducted under different stress
conditions conrm signicant degradation of TVB in the
oxidation medium compared to others, supporting previously
reported methods of oxidative degradation of TVB. In partic-
ular, chromatograms from degradation studies reveal no
interference with TVB peaks, conrming the specicity of the
developed method for formulations containing TVB. This
research presents a novel HPLC methodology for TVB,
contributing to advancements, ensuring the safe and effective
use of TVB for onychomycosis treatment, and improving the
Anal. Methods, 2024, 16, 5280–5287 | 5285
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Table 4 Robustness of TVB

Parameter Variation level
Theoretical
plates Tailing factor % RSD tR (min) Assay (%)

Normal condition 265 nm; 75 : 25; 35 °C; 1 mL min−1; 3.0 8601.6 1.12 0.19 6.93 98.09
Change in wavelength (nm) 260 8520.2 1.12 0.16 6.95 99.25

270 8461.7 1.13 0.14 6.96 99.23
Change in mobile phase composition 73 : 27 8509.6 1.09 0.64 7.93 100.19

77 : 23 8619.3 1.13 0.29 6.18 99.94
Change in temperature (°C) 30 8433.3 1.11 0.07 7.31 99.01

40 8775.5 1.12 0.08 6.6 99.22
Change in ow rate (ml min−1) 0.9 8787.8 1.12 0.18 7.72 99.02

1.1 8328 1.11 0.23 6.32 99.43
Change in pH 2.8 8500.2 1.11 0.08 7 97.09

3.2 8499 1.12 0.18 6.96 97.26
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quality of formulations.34 Furthermore, the method's efficiency
is conrmed by validation, making it suitable for future bio-
analytical applications.

6. Conclusion

An HPLC approach was devised and validated for the TVB
quantication. Validation adhered to ICH guidelines, assessing
specicity, precision, linearity, detection, quantication limit,
accuracy, robustness, and stability-indicating potential. Stress
testing was conducted under various conditions, with all
outcomes meeting the predened acceptance criteria, demon-
strating the method's suitability for sample analysis. The solu-
tion stability study showed that standard and sample solutions
remained stable for up to 35 hours at 5 °C. This nding is
signicant as it conrms the reliability and robustness of the
HPLC method over an extended period, ensuring that accurate
and consistent results can be obtained during routine analysis.
These comprehensive validation results highlight the method's
effectiveness, accuracy, and reliability. The stability-indicating
HPLC method thus provides a robust analytical tool for the
quality control and development of TVB, ensuring the integrity
and consistency of the drug product throughout its shelf life.
This method is imperative for pharmaceutical quality control
laboratories, facilitating the accurate assessment of TVB
stability and potency in various formulations.

Abbreviation
ACN
5286 | Anal. Me
Acetonitrile

COT
 Column oven temperature

D0
 Zero order

D1
 First-order derivative

FD
 Forced degradation

H2O2
 Hydrogen peroxide

HCl
 Hydrochloric acid

KH2PO4
 Potassium dihydrogen orthophosphate

NaOH
 Sodium hydroxide

OPA
 Orthophosphoric acid

PDA
 Photodiode array

RSD
 Relative standard deviation
thods, 2024, 16, 5280–5287
tR
 Retention time

SD
 Standard deviation

TVB
 Tavaborole

UPLC
 Ultra-performance liquid chromatography

USFDA
 US food and drug administration

WL
 Wavelength
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