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ABSTRACT

In this study, the pK, value of vemurafenib was determined by the dependence of the retention
factor on the pH of the mobile phase. The change of pK, in the different acetonitrile fraction ranging
between 57.5 and 62.5% (v/v) was studied by using an LC-UV method. Additionally, a simple,
reliable, and rapid UPLC method has been developed for the determination of vemurafenib in
human urine. Efavirenz was used as an internal standart. For vemurafenib and efavirenz, selectivity
factors were found as 1.204. The asymmetry and capacity factors were obtained as 1.100 and
7.532 for vemurafenib.

Vemurafenib was exposed to thermal, photolytic, hydrolytic, and oxidative stress conditions, and
the stressed samples were detected by LC/MS/MS method.
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1. INTRODUCTION

Malignant melanoma is the most thrusting type of
skin cancer. It has been shown that somatic
mutations in the B-rapidly accelerated
fibrosarcoma (BRAF) gene are present in 66% of
the melanoma cell lines. Vemurafenib (Fig. 1) is
the first selective, potent and orally bioavailable
inhibitor of the serine/threonine-protein kinase B-
Raf protein encoded by the V600E mutated
BRAF gene [1]. The drug was approved by the
FDA in August, 2011 [2]. B-Raf is a frequently
mutated protein kinase [3] and mutation of the
gene is very common in melanoma [4,5].
Vemurafenib is chemically propane- 1-sulfonic
acid {3-[5-(4-chlorophenyl)-1H-pyrrolo[2,3-b]
pyridine-3-carbonyl]-2,4difluoro-phenyl}-amide
with empirical formula is Co3H3CIF2N303S and
molecular weight of 489.9 [6]. The aqueous
solubility of this drug is very low and independent
of pH.

The absorption, metabolism, distribution, toxicity
and excretion are important parameters of a drug
molecule and its dissociation constant (pK,)
manages the distribution, elimination of
substances, solubility and absorption. pK, values
have lots of application such as solvent
extraction, pharmaceutical development, ion
transport and acid-base titration.
Chromatographic  retention, toxicity  and
pharmaceutical properties of organic acids and
bases are influenced by acid-base properties [7].
In the literature, there is no study for the
determination of pK, values of vemurafenib by
using liquid chromatography (LC) in acetonitrile—
water binary mixtures.

Since liquid chromatography commonly requires
only a small amount of the compounds, it is used

Compound
Vemurafenib

N-{3-[5-(4-chlorophenyl)-1H-pyrrolo[2,3-

b]pyridin-3-carbonyl]-2,4-
difluorophenyl}propane-1-sulfonamide

CAS No: 918504-65-1

C23H1sCIF,N303S
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as a powerful technique for determining
dissociation constants, and the studied samples
need not to be pure, and that insufficient
solubility in water is not a serious disadvantage.
Measuring solute or titrant concentrations are not
necessary, just only retention times are required
for calculation in this method. Moreover, the
calculation is simple and independent of the
purity of solubility [8]. In the literature, there is
only one reported pK, values are given for
Vemurafenib as 7.9 and 11.1 but any details
of the method and medium were not dedicated

(91

To our knowledge, a few methods in the
literatures include determination of vemurafenib
in several matrices by LC [10,11], LC coupled to
tandem mass spectrometry (LC-MS/MS)
[12,13,14]. However, UPLC method has not been
reported for the determination of vemurafenib in
human urine. UPLC is a new liquid
chromatography category that improves the
overall interweave properties of speed, precision,
and resolution, while preserving the practicality
and principles of HPLC [15]. Short analysis times
and faster separations can be done with high
resolution and sensitivity due to using shorter
columns in UPLC.

In this research a fast, simple, economical,
accurate and precise, reproducible, and fully
verfied UPLC method was developed with good
detection limits for estimation of vemurafenib in
urine samples. The stability tests were also
conducted according to the International
Conference on Harmonization (ICH) Guidelines
(ICH Guideline (Q1AR) 2000, ICH Guideline
(Q2A) (R1) [16,17]. By wusing the LC/
MS/ MS technique, the stability behavior of the

Chemical Structure

MW : 489.9 g mol’’

Fig. 1. Chemical structure of vemurafenib
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vemurafenib was studied in the proposed
procedure. For this purpose, stress tests are
performed under acidic, basic, oxidative, thermal
and photolytic conditions for the studied
substance. Based on the m/z values and
ionization particles, degradation mechanism can
be proposed from LC/MS/MS method and
products will be determined quantitatively.

On the other hand, this paper focuses on the
determination of pK, values of vemurafenib
several acetonitrile (ACN)-water mixtures, 57.5,
60 and 62.5% (v/v), by using high performance
liquid chromatography technique.

2. EXPERIMANTEL
2.1 Chemicals and Reagents

All chemicals were analytical reagent-grade.
Vemurafenib was kindly donated by Roche
Pharm. Ind. (Istanbul, Turkey). Internal standard
efavirenz (IS), were obtained from Sigma.
Acetonitrile  (organic  modifier),  potassium
hydrogen phthalate (standard buffer) and sodium
hydroxide, dimethylsulfoxide (DMSO) and formic
acid were purchased from Merck (Darmstadt,
Germany). Ortho-phosphoric acid (minimum
85%) was obtained from Riedel-de Haen
Germany. Milli-Q system (Millipore, Bedford, MA,
USA) was used to get ultrapure water.

2.2 Equipment

For pK, analysis, the Agilent Technologies 1260
Infinity LC system was used equipped with a
G1311B quaternary pump, G1329B auto injector
and G4212B diode array detector. X-Terra RP-18
(250 mmx4.60 mm IDx5 ym) column was used
as stationary phase. Mettler Toledo MA 235
pH/ion analyzer (Schwerzenbach, Switzerland)
was used for pH measurements of the mobile
phase.

For human urine analysis, at on Agilent 1290
UPLC Infinty system with binary pump, online
degasser, automatic injection system, column
heater was used. Dedection of the solutions was
done by using a diode array dedector. A Zorbax
Eclipse plus C18 (2.1x50 mm ID x1.8u) column
was used stationary phase.

The stability-indicating degradation behavior of
the vemurafenib using LC/MS/MS was carried
out on Agilent 6460 ftriple quad mass
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spectrometer. This instrument was equipped with
an electrospray ionisation (ESI), operating in
positive mode and configurated scan mode
monitoring.

2.3 Chromatographic and Mass
Spectrometric Procedure

For pK, studies, CAN: water combination at 57.5,
60.0, and 62.5% (v/v), containing 10 mM o-
phosphoric acid were used as the mobile
phases. Sodium hydroxide was used to adjust
the pH of the mobile phase between 2.5 and 9.0.
The flow rate was adjusted at 1.0 mL min~' and
injection volume was 10 pL. The temperature
was maintained at 25°C during the experiments.
The optimal wavelength was chosen as 249 nm
for vemurafenib.

The measurement of pH obtained is of great
importance for the determination of pK,. 0.05
mol/kg potassium hydrogen phthalate was used
as a primary reference standard in order to
measure the pH values of the mobile phases,
dissolved in the ACN-water mixture in
accordance with IUPAC rules [18]. Efavirenz was
chosen as the internal standard for vemurafenib
analysis.

For urine and LC-MS studies, acetonitrile-water
(50/50 (v/v) includeing % 0.1 (v/v) formic acid
was used as a mobile phase. The column
teperature was kept at 30°C. For urine analysis,
the system operates at 249 nm for vemurafenib
and efavirenz (I.S). Triple-quadrapole mass
spectrometer with an electrospray ionization
source has been used in positive mode. A mobile
phase composed of ACN-water mixture
containing %0.1 formic acid was used to attaine
good resolution, symmetrical peak shapes and
shorter run time. Vemurafenib was monitored at
m/z 490.0 - 383.0 and monitored at m/z 490.0
> 254.9. Table 1 summarises the MS operating
parameters.

2.4 Preparation of Standard Solutions
and Setting up a Calibration Plot

In case of pK, analysis, 100 pg/mL stock
solutions of the working standards were prepared
in mobile phase. All the dilutions for studied
compounds were made with the mobile phase.
Sodium hydroxide was prepared in water and
used in pH adjustment.
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Table 1. Mass spectrometric parameters for the analysis of vemurafenib

Gas Temp (°C)

Gas Flow (L/min)
Nebulizer (Psi)
Sheat gas heater (°C)
Sheat gas flow
Capillary (V)
Vcharging

Parent mass (m/z)
Product mass (m/z)
Dwell time (ms)
Collision energy (V)
Retention time (min)
Fragmentor voltage

325
11
45
400
12
3000
500
490
383
45
30
1.491
160

In case of urine analysis, vemurafenib was
prepared in DMSO and efavirenz was prepared
in MeOH at concentration of 100 ug mL" and
used in LC-MS analysis. All stocks were stored in
the dark and kept at 4°C to minimize
decomposition.

Calibration graph was setting up by plotting the
ratio of the peak area to the drug concentration
of IS. Appropriate amounts of stock solutions
were spiked to urine in order to prepare
calibration solutions. The concentration of
vemurafenib (0.5, 1, 3, 5, 10 and 20 pyg/mL) into
5 mL of blank human urine was used as
calibration solutions. IS concentration was kept
at a constant level of 10.0 yg/mL. The urine
samples were prepared as described under
Urine Anaysis part.

2.5 Analysis of Spiked Urine Samples

Urine samples were taken from healthly
volunteers and used for the validation studies.
Deionized water was used for 5-fold dilution of
urine sample. 2 mL of diluted urine was
transferred to a 110x30 mm plastic tube and 3
mL of methanol was added to this solution.
Different amounts of vemurafenib were added to
the human drug-free urine from healthy
volunteers, while the internal standard
concentration was fixed at 10.0 pg mL". The
spiked urines were vortexed and passed through
a 0.45 pM filter. 20 pL of each sample was
injected into the UPLC system.

Known amounts of each compound were added
to urine samples collected from healthy
volunteers in order to determine the intraday and
interday precisions. The intra- and inter-day
percentage relative standard deviations (RSD)
were used for determination of precision values.

21

To provide additional control over the accuracy of
this improved method, the recovered assays
were performed by adding known amounts of
pure drug to previously analyzed human urine
sample. Two different concentrations of
vemurafenib and a fixed level of an internal
standard were added to the blank urine samples.
The spiked urine samples were analyzed using
the procedures described for the calibration
standards. The recovery values were calculated
by comparing the concentrations from spiked
samples with the actual added concentration.
Five repeated experiments were performed to
calculate the average recovery of these
compounds.

By using the standard deviation of response (s)
and the slope of the calibration curve (m), limit of
detection (LOD) and limit of quantification (LOQ)
were calculated from the equations of LOD = 3.3
x s/m and LOQ = 10 x s/m.

2.6 Preparation of Stress Samples for
Establishment of Stability-Indicating
Assay

ICH guidelines recommend deterioration studies
to establish the stability-determining feature of
the analysis method [16]. Each sample was

prepared in ftriplicate. Degradation studies
consist of heat (at 75°C), acidic, alkaline
hydrolysis, UV light and oxidation of the
compounds.

For degradation of vemurafenib in thermal and
photo-degradation conditions, it was carried out
in solid state. Vemurafenib was put in a
controlled-temperature oven at 75°C for 6 h. For
acidic and oxidative degradation, vemurafenib
was diluted with 0.1 N HCl and 3% - 30% H,0, to
achieve 10 ug mL™" vemurafenib. For stress



conditions, vemurafenib solutions was allowed
to stand for 1 h under specified conditions.
Alkaline  hydrolysis of vemurafenib was

conducted using 0.1 N NaOH for 3 h. Samples of
solid drug substances for photolytic stress were
irradiated with UV radiation at 254 nm for 6 hours
and 24 hours. The products obtained under
different stress conditions were determined by
LC-MS.

3. RESULTS

pK, value information is more important than
other parameters because of the absorption,
evaluation and bioavailability of the drugs in the
body. lonization value also helps in selecting the
pH of the buffer to be used in the mobile phase
[7,19].

Vemurafenib is a substituted azaindole; it also
contains a sulfonamide moiety but shows little
structural relationship to ‘sulfonamide’ drugs (see
Fig. 1). Vemurafenib is achiral and does not
show stereoisomerism. This compound belongs
to the class of organic compounds known as
phenylpyridines. Structure-based calculation and
prediction of structural properties of Vemurafenib
are available in web-base programs such as
Chemaxon and given as 8.87 (amine) [20].

The retention factors were obtained over a pH
range of 2.5-8.0 in order to determine the pK, of

4.000
3.500
3.000
2.500

k 2.000
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this drug using the LC method. As an example, in
Fig. 2, the experimental data obtained at 57.5, 60
and 62.5 (v/v) acetonitrile —water binary mixture
(k vs pH) are plotted for this drug, showing the
sigmiodal curves. As can be clearly seen, ideal
sigmoidal shape was obtained for vemurafenib.

For the urine analysis, human urine samples
were taken fron non-drug healty users and stored
at -20°C before analysis. The urine samples
were collected over a 4-h period in plastic
containers before analysis. Potentially interfering
compounds need to be removed before analysis.
Protein precipitation in urine samples was
provided by of mobile phase addition. After
thawing to ambient temperature, 1 mL of urine
was mixed with 9 mL of acetonitrile in order to
precipitate proteins from the specimen, vortexed
for 3 min. For urine alaysis, efavirenz was used
as an internal standard.

For vemurafenib and efavirenz, selectivity factors
were found as 1.204. The asymmetry and
capacity factors were obtained as 1.100 and
7.532 for vemurafenib.

The chromatogram is given in Fig. 3. Both
compounds were separated by a sharp peak and
symmetry over a period of 1.5 minutes.

Calibration graphs were created for Vemurafenib.
Calibration curve parameters are given in Table
2.

1.500

1.000

0.500

0.000

pH

Fig. 2. Plot of chromatographic retention factor, k, vs. the pH of mobile phase
¢ %62.5 ACN-water; m %60 ACN-water; A %57.5 ACN-water
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Table 2. Statistical evaluation of the calibration data of vemurafenib by UPLC

Compound Vemurafenib
Linearity Range (ug.mL™") 0.5-20

Slope 0.1208
Intercept 0.0083
Correlation Coefficient 0.999
Detection Limit (ug.mL™") 0.933
Quantitation Limit (ug.mL™") 2.822
Within-day Precision® (RSD%) 0.272
Between-day Precision® (RSD%) 0.290

@ Each value is the mean of five experiments

x10 7 |DADT - A:Sig=2434 Ref=off 20-10-2.d

6.754
6.254

5.754
55
5.254

454
425
3.75

15
3.259

Detector Response

275
25
225
1754
1.5
1254

0.754
0.5
0.254

Efivarenz (1S)

Vemurafenib

04 045 05 055 06 065 07 075 08 085 09 085 1 185 171 135 12 135 13 135 14 135 15 155 16 165 17 175 18 185 19 155
Response Units vs. Acquisition Time (min)
Retention Time

Fig. 3. Chromatogram of standard mixture. experimental conditions as in ‘chromatographic
procedure’

Within  calibration curves, two different
concentrations were prepared in both media and
assayed with calibration curves to determine
within-day and between day variability. The
within-day and between-day precision, accuracy,
and reproducibility were determined as the
RSD% and mean value. The intraday variation
was found between 0.268 and 0.239, RSD%
values for urine calibration. Intermediate
precision was determined by replicate analysis
over 3-day period and 0.127 and 0.237, RSD%
values.

To check the applicability of the method to
biological materials, recovery studies for drug
quantitation in human urine were performed
using the calibration graph method, which
reached the percentage recoveries determined
for each analysis. Blank urine samples were
spiked with studied drug. After five repeated
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experiments, the mean percentage recovery for
urine sample was 97.924, with RSD% values of
0.5583. Typical chromatograms of urine sample
(spiked with vemurafenib) is shown in Fig. 4.
There are no extra peaks in the chromatograms
of the urine samples.

3.1 Acid Induced Degradation Product

The drug was found to be highly stable to acidic
degradation as compared to that of hydrochloric
acid was used at 100°C for 30 min at 80°C for
degradation. Major degradation products were
seen 383, 214.9 and 136.9 m/z (Fig. 5a).

3.2 Base Induced Degradation Product
Vemurafenib was almost degradeted by NaOH.

1 M sodium hydroxide solution was used at
100°C for 30 min. Major degradation products



were seen 413, 214, 162.8 and 102 m/z (Fig.
5b).

3.3 Hydrogen Peroxide Induced

Degradation Product

In 3% hydrogen peroxide at 100°C the drug was
found to be stable to degradation as negligible
degradation was seen after exposing drug to
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30% hydrogen peroxide. degradation products
were seen 413, 148.9 and 102 m/z (Fig. 5c).

3.4 Photochemical and Thermal
Degradation Product

The drug was found to be stable against
photochemical and thermal degradation.

10 3 |DAD1 - A

_ =T =T _ =T " .
L 03 04 03 08 07 e ue

Response Units vs. Acguisition Time {min)

Fig. 4. Chromatogram for urine samples (spiked with vemurafenib)
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4. DISCUSSION

Knowing the various physico-chemical
parameters of the pharmaceutically active
compounds, such as pK,, solubility and

maximum wavelength, is important before
developing the LC method. In this study, the
retention factors were calculated for each mobile
phase composition and pH studied. For this
purpose, the effect of the pH of the mobile phase
on the retention factors (k) was investigated and
necessary values of vemurafenib were calculated
using NLREG 4.0 software from k/pH [21].
Typical sigmoidal curve was obtained for
vemurafenib. pK, values of Vemurafenib in
studied ACN-Water Binary Mixtures are 7.96,
8.01 and 8.04, respectively. The obtained values
of retention factors for the neutral and ionic forms

m/z:490
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of vemurafenib in 57.5 + 0.08, 60 + 0.09 and 62.5
+ 0.10(w/v) ACN-water binary mixtures calculated
by NLREG program.

LC-MS analysis was carried out for degradation
of vemurafenib using a 6460 Triple Q-
Quadrupole Mass Spectrometer with suitable
volatile formic acid (%0.1) as mobile phase.
Satisfactory separation of degradation product
was achieved using a Cyg column. Vemurafenib
was stable under photochemical and termal
degradation. For acidic and alkaline and
hydrogen peroxide conditions, the degradation
product formed shows the m/zof 413, 214,
162.8, 102 and 148.9. Possible structure of
degradation products of vemurafenib for acidic,
alkaline and hydrogen peroxide conditions were
given in Fig 6a, 6b and 6¢ respectively.

N
SReOSY
s cl o O
F
m/z: 383
H2 H2
N+ N+
_ |
\
o
HE H, m/z:214
N N+
Ay
m/z:136

m/z:490

R

m/z:162,8
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N R
/ H_o°
©
=
m/z:413
|
@/C
m/z:148,9

(c)

m/z:102

Fig. 6. Structure of degradation product of vemurafenib

5. CONCLUSION

In this paper a sensitive, specific, accurate,
validated and well- defined stability indicating first
UPLC method for the determination of
vemurafenib in urine sample. The method was
completely validated showing satisfactory data
for all the method validation parameters tested.
Also the important parameter pK, was
determined by means of the RP-LC method.

Vemurafenib's behavior under various stress
conditions was studied; The degradation
products were determined by LC-MS / MS. The
drug was stable in thermal and photolytic
conditions. Degradation products were well
separated from the drug substance which
demonstrates the stability of the method. The
information presented here could be very useful
for quality monitoring of bulk samples and can
also be used to check the quality of the drug
during stability studies.
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