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ABSTRACT 
This current analysis demonstrates the development of the related substances (RS) method for separating and 
quantifying BSL and its related substances from plasma using the UPLC technique. The solid phase extraction (SPE) 
method was employed to extract the belumosudil (BSL) and related impurities from plasma. This SPE method has 
been shown to have high recovery values for BSL and its related impurities. The method employed a column from 
Waters, specifically the X-Bridge BEH C18 150x4.6mm, 3.5µm, with a mobile phase flow rate (0.8 mL/min) and a 
UV-wavelength (250 nm). In this method, BSL and its impurities show good peak shapes and high resolutions. This 
developed method shows high sensitivity, accuracy, and precision values. While performing the stability studies, the 
drug was stable and it showed less than 4.53% degradation. Six different concentration solutions (BSL (25-250µg/mL) 
and impurities (3-18µg/mL)) were prepared for constructing linearity plots. The obtained linearity plot shows the 
accepted correlation coefficient (R2) value (≥0.999). The Limit of detection (LOD) and Limit of quantification (LOQ) 
were determined using the signal-to-noise (S/N) ratio method. This UPLC method was validated according to ICH 
guidelines.    
Keywords: Belumosudil, Solid Phase Extraction, Stability Studies, Validation, Related Substances, UPLC, Limit of 
Detection. 
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INTRODUCTION 
The lung-related disease of bronchiolitis obliterans syndrome or chronic graft versus host (cGVH) disease 
is a highly dangerous disease demonstrated with deprived consequences.1 This results in reduced mortality, 
morbidity, and quality of life after allogeneic hematopoietic cell transplant.2 USFDA has approved 
Belumosudil in 2021 to treat cGVH disease.3,4 Belumosudil is a medication that works by selectively 
inhibiting a protein called Rho-associated coiled-coil containing protein kinase 2 (ROCK2).5,6 It is taken 
orally. Belumosudil was first developed by Kadmon Pharmaceuticals its brand name is Rezurock, and it 
has been used to cure systematic sclerosis and cGVH disease in pediatric patients aged greater than 12 years 
and adults afterward the lack of success of at minimum two past appearances of systematic treatment,7 
Belumosudil (200 mg) should be taken once daily until there is a progression of cGVH disease that requires 
new systemic treatment. The belumosudil dose should be augmented up to 200 mg twice for a day in 
inpatients getting powerful associated with proton pump inhibitors or CYP3A4 inducers.8 Considering the 
pharmaceutical importance of BSL, a chromatographic-related substance (RS) analytical method should be 
established for the detection and quantification of BSL and its four related substances. The chemical name 
of BSL is 2-[3-[4-(1H-Indazol-5-ylamino) quinazolin-2-yl] phenoxy]-N-propan-2-ylacetamide.The 
structures of BSL and its four impurities are depicted in Fig.-1. Typically SPE methods have been used to 
extract the compound from biological fluids. While doing the extraction of drugs and their related 
substances from the biological fluids by using liquid-liquid extraction methods were getting low recovery 
values due to the high interference of biological matrices. Compared with liquid-liquid phase extractions, 
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solid phase extraction has shown the following advantages high recovery values due to the low matrix 
effect, easy to handle, and less consumption of organic solvents. This study is primarily focused on 
developing a bioanalytical-relevant method that indicates stability for BSL and its related impurities. BSL 
and its related substances were successfully quantified after extraction from plasma using a newly 
developed ultra-performance liquid chromatography (UPLC) RS method.  
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M-(1H-indazol-5-yl)-2-(3-(2-(isopropyl amino)-2-oxoethoxy) phenyl) quinazolin-4-aminium 
Fig.-1: BSL and its Related Impurities’ Chemical Structures and Their Corresponding IUPAC Names 

                                      

EXPERIMENTAL 
Material and Methods 
Analytical grade methanol, chloroform (CHCl3), dichloromethane, acetonitrile, and methyl tertiary butyl 
(TBE) ether procured from Sigma Aldrich, USA were used for UPLC method and solid phase extraction 
development. The used chemicals purchased from Merck-USA (hydrogen peroxide, hydrochloric acid, 
KH2PO4, NaOH, and H3PO4). The development of a stability-indicating method was done using the 
Acquity UPLC system by Waters in the USA. Data was analyzed using Empower II software. X-Bridge 
C18 column was procured from the waters. Milli-Q system (Millipore) is used for water purification (USA). 
Elico pH meters, Sonicator (Sonica, spincotech- Italy), and 0.22µ nylon - filters (Merck-USA, Millipore) 
have been utilized for making the sample preparation. 
 

Preparation of Linearity and Quality Control (QC) sample solutions 
BSL and its four related impurities were dissolved in a diluent to create stock solutions with concentrations 
of 0.5mg/mL and 0.1mg/mL, respectively. These stock solutions were then stored in a refrigerator at -20°C. 
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The stock solutions of BSL and its impurities were diluted to prepare working solutions. Six various 
concentrations (LOQ to 150%) of BSL and its impurities were prepared in blank plasma for constructing 
the linearity plot. The three-level QC samples (low, middle, and high) were prepared to spike the 250µL of 
blank plasma. All of the samples were stored at a temperature of -20°C. 
 

Extraction Procedure 
To prepare sample solutions, 200 µL of human plasma was transferred into a centrifugal Eppendorf tube 
(1.5 mL) encompassing 0.3 mL of pH-6.0 sodium phosphate buffer. The samples were vortexed and 
transferred to Oasis HLB solid-phase cartridges (30 mg sorbent). The SPE cartridges used in this 
experiment were first saturated with 1.0 mL of ACN, followed by 1.0 mL of methanol, and eventually 1.0 
mL of acetonitrile: water (10:90) v/v before adding the sample solutions. The cartridges containing the 
material were washed three times using a solution of water and methanol in a ratio of 90:10 v/v.9 After 
washing, the analytes were extracted with an eluent solution (acetonitrile: water (90:10) v/v). The collected 
solution was then dried under a vacuum at 40 °C. After extraction, the sample was reconstituted with 100µL 
of blank solution, and 10µL of this mixture was straightly injected into the UPLC. 
 

Stability studies of BSL 
In order to ensure the reliability of the developed procedure, we conducted forced degradation experiments. 
The stability of BSL was assessed through exposure to acidic, basic, oxidative, photolytic, and thermal 
circumstances. For acidic degradation, 1.0 mL of 1N hydrochloric acid (HCl) solution was added into the 
1.0 mL of BSL (1 mg/mL) solution and stirred for one hour at 60°C ±2. After one hour they stopped the 
stirring and cooled at room temperature. This solution was neutralized with NaOH solution to avoid further 
degradation. For basic degradation, 1.0 mL of 1N NaOH was added into the 1.0 mL of BSL (1 mg/mL) 
solution and stirred for one hour at 60°C ±2. After one hour they stopped the stirring and cooled at room 
temperature. To prevent further degradation, an HCl solution was used to neutralize this solution. The 
thermal stability of the sample was assessed by keeping a homogenized sample (100 mg) at 105°C ±5 for 
8 hours. The sample was then prepared by diluting with the diluent. Oxidative degradation study was 
evaluated by adding the 1.0mL of 10% H2O2 solution into 1.0mL of sample solution. This solution was 
stirred at 30°C ±2 for one hour and afterward diluted with diluent. A photolytic degradation study was 
performed by placing 1.0mL of the sample in a UV chamber and then diluting it with a diluent. A neutral 
degradation study was conducted by adding 1.0mL of water to 1.0mL of the sample. The solution was 
stirred at a temperature (30°C ± 2) for one day and afterward diluted with diluent. All samples were cleaned 
with a 0.22µm nylon filter and 10µL of each was injected into the UPLC. 
 

Detection Method 
Prepared 10mM potassium dihydrogen orthophosphate (KH2PO4) into 1 L of milli-Q-water and sonicated 
properly for mixing. Then the pH (2.5) with diluted orthophosphoric acid. Then the solution was filtered 
with a 0.22µm nylon membrane filter kit. 10mM KH2PO4 buffer was utilized as a mobile phase (A). Pure 
100% acetonitrile (ACN) was utilized as a mobile phase (B). This method of mobile phase gradient program 
was developed for getting good peak shapes and resolution in chromatograms. Ambient temperatures were 
used for column and sample temperatures. A PDA detector was used to detect and quantify the samples. 
Injection volume 10µL, mobile phase flow rate 0.8 mL/min, and injection run time 18 min were used. A 
premixed solution of Milli-Q-water and acetonitrile (ACN) (30:70) v/v is used as a diluent. 
 

Table-1: Mobile Phase Gradient Program 
Time  % of Mobile phase A % of Mobile Phase B 

00.0 min 15 85 
05.0 min 15 85 
10.0 min 90 10 
12.0 min 15 85 
18.0 min 15 85 

 

Analytical Discussion 
A UPLC method for analyzing BSL and its related impurities was developed and validated. Throughout the 
development of the method, various conditions such as columns and mobile phases were optimized to attain 
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improved peak shapes, higher resolutions, and sensitivity. The obtained results confirm that this UPLC 
technique is dependable and appropriate for the analysis of BSL and its impurities. Still no one has 
published the related substances method for BSL and its impurities. In this method, BSL and its related 
substances were extracted from the plasma by using the SPE method. It is easy to handle and extract the 
BSL and its impurities from the plasm. However, no one developed the SPE method and stability indicating 
the UPLC method. This developed method has been showing high sensitivity, low run time, and higher 
recovery values. It also shows good LOD, LOQ, precision, and accuracy values to determine the BSL and 
its related impurities.  

RESULTS AND DISCUSSION 
This work aimed to extract BSL and its impurities from plasma using solid-phase extraction (SPE). After 
that, the samples underwent quantification through an ultra-performance liquid chromatography (UPLC) 
method which is capable of detecting any instability in the samples. During the method development, 
various method conditions were optimized. While developing the method different mobile phases with 
various pH states and different columns were used. Compared with different mobile phases the mixture of 
10mM potassium dihydrogen orthophosphate (pH 2.5) and acetonitrile has been shown good resolution and 
peak shapes. Column waters X-Bridge BEH C18 150x4.6mm, 3.5µm has been showing good resolution 
narrow, sharp peaks and high theoretical plate count. The mobile phase flow rate was fixed at 0.8 mL/min, 
injection volume (10µL), and ambient sampler temperature and column oven temperatures were optimized. 
Initially, for method development, poor resolutions were shown when viewed with the isocratic mode, 
hence a gradient method was developed to obtain better resolutions between peaks. 
 

 
Fig.-2: UPLC Chromatogram of BSL and its Impurities after the Method Development 

 

Generally, 5 to 20% degradation of the samples was acceptable in forced degradation stability studies and 
it was considered to validate the developed methods. In the current stability study, the BSL was exposed to 
various conditions (acidic, basic, oxidation, neutral, thermal, and photolytic). In acidic (3.68%) and 
oxidation (4.52%) conditions, the drug has been showing considerable degradation. In the remaining 
circumstances, the drug was being in stable. The purity of the dug was assessed by using the following 
formula. The obtained results of forced degradation studies of BSL have been shown in Table-2.  
 
Percentage Assay = (Area of Sample/ Area of Standard) X (Standard Dilution/Sample Dilution) X(P/100) 
X 100  

Table-2:  Summary of the Results Obtained from the Stability Studies 

Conditions of stress study Time 
Purity of BSL later 

degradation 
Remarks 

Unstressed sample – 99.82 – 

1.0N HCl ( Acid-hydrolysis) 60 min 96.32 Significant degradation was found 

1.0N NaOH  (Base-hydrolysis) 60 min 98.88 It was noticed that the analytes degraded slightly 

Oxidation (10% H2O2) 60 min 95.48 No noticeable degradation was found 

Thermal (105 ° C) 8 h 99.64 No noticeable degradation was found 

Photolytic-degradation (UV) 24 h 99.73 No noticeable degradation was found 
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Fig.-3: UPLC chromatogram of BSL after Acidic Degradation 

 
Fig.-4: UPLC Chromatogram of BSL after Oxidation Degradation 

 

For the extraction of BSL and its related impurities SPE method has been used. For getting better recoveries 
various solvents (chloroform, methanol, dichloromethane, acetonitrile, and Methyl tertiary-butyl ether) and 
combinations were used. Compared with all of those the mixture of ACN and water (90:10) v/v has been 
given the high recovery values.  

 
Fig.-5: After the Solid Phase Extraction, UPLC Chromatograms of BSL along with its Impurities 

 

Validation of UPLC method 
According to the ICH guidelines, the UPLC method has been statistically validated for the parameters 
mentioned below.10 

 

Selectivity 
For the extraction of BSL and its related impurities from the plasma, the SPE method was used. In this 
method were extracted the BSL and its impurities and the resulting chromatograms showed symmetrical 
peaks with good resolutions and without unknown peaks. 
 

Specificity 
Method specificity was evaluated by running the six different samples injected into the developed UPLC 
method. The resulting chromatograms have shown no interference with blank or unknown peaks. Hence 
this method was proved specific for BSL. 
 

Calibration Curve 
The linearity plots have been constructed for BSL and its related impurities by taking the six different level 
concentrated solutions. The calibration curves were constructed by injecting six different concentrated 
solutions of BSL and its related impurities into UPLC and using the obtained peak areas versus 
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concentrations of solutions. The resulting linearity plots have been shown accepted correlation coefficient 
(R2) values for BSL and its impurities (≥ 0.999). 
 

  

Fig.-6: Linearity diagram of BSL Fig.-7: Linearity diagram of Imp-1 

  

Fig.-8: Linearity diagram of Imp-2 Fig.-9: Linearity diagram of Imp-3 

 
Fig.-10: Linearity diagram of Imp-4 

LOD and LOQ 
Table-3 presents LOD and LOQ obtained values assessed by the S/N ratio method. The obtained LOD 
values reflect method sensitivity and LOQ indicates its quantification limit. 
 

Table-3: Results of Validation Parameters Linearity and LOD, LOQ 

Drug 
Linear range 

(µg/ mL) 
Calibration curve 

equation 
R2 

LOD 
(µg /mL) 

LOQ 
(µg/ ml) 

BSL 25.0 – 250.0 y = 145282x + 1102796 0.9990 0.2 0.6 
Imp-1 3.0 – 18.0 y = 73279x + 8233 0.9992 0.06 0.2 
Imp-2 1.5 – 9.0 y = 17078x + 9679 0.9995 0.02 0.06 
Imp-3 1.5 – 9.0 y = 77294x + 8903 0.9994 0.01 0.025 
Imp-4 1.5 – 9.0 y = 60269x + 2401 0.9991 0.01 0.025 

 

Precision and Accuracy 
Method precision (Inter and intraday) has been evaluated by preparing the three-level (low, middle, and 
high) QC samples. Interday precision has been analyzed by injecting the sample 8 times, for each four hours 
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in a single day. The calculation of interday precision has been done by injecting the samples on different 
days. Both results were assessed by calculating the percentages of cumulative variance (CV) of obtained 
peak areas. Method accuracy was examined by recovery percentages of analytes. The obtained results of 
accuracy and precision were tabulated in Table-4. 
 

Table-4: Obtained Results of Accuracy and Precision 
 Intra – day (%) Inter – day (%) 
 Low Middle High Low Middle High 

Belumosudil 95.13 ± 3.21 97.55 ± 4.64 96.05 ± 3.26 94.45 ± 3.52 96.18 ± 2.95 94.61 ± 4.31 

Impurity-1 96.60 ± 2.48 98.62 ± 1.83 101.21 ± 3.68 95.42 ± 4.63 97.65 ± 3.77 99.10 ± 3.24 

Impurity-2 95.27 ± 4.43 94.83 ± 4.10 98.36 ± 3.45 92.97 ± 5.12 95.63 ± 3.88 100.07 ± 3.72 

Impurity-3 99.27 ± 4.23 97.83 ± 4.10 98.33 ± 3.45 96.97 ± 5.12 95.63 ± 3.88 99.02 ± 3.62 

Impurity-4 93.27 ± 4.43 98.83 ± 4.10 96.36 ± 3.45 101.97 ± 5.12 95.63 ± 2.88 99.16 ± 3.72 
 

Method Robustness 
The robustness of the UPLC method that was developed was tested by varying the flow rate, column 
temperature, wavelength, and ratios of organic solvents in the mobile phase. Flow rate was varied by 
±0.02ml/min, wavelength by ±5nm, column temperature by ±5°C, and organic solvent ratio in the mobile 
phase by ±5%. The results obtained from Table-5 show that there were no significant variations observed 
when these parameters were changed. Therefore, it can be concluded that the developed UPLC method is 
robust. 

 
 

CONCLUSION 
We have finally developed a simple and efficient UPLC method to analyze the BSL and its related 
impurities. The method has been validated based on the guidelines provided by the International Council 
for Harmonization (ICH). In addition, samples were extracted from plasma using solid phase extraction, 
which resulted in higher recovery values. This method has demonstrated low detection and quantification 
limits, as well as high accuracy and precision values. With these advantages, it can be used for clinical, 
bioanalytical, and routine analysis.  
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