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In the routine pharmaceutical industry manufacturing process sometimes few unknown impurities will trigger during its quality 

assessment practice. Those unknown impurities might be impact on downstream synthesis and which leads to the quality of active 

pharmaceutical ingredients (API’s). A new, simple, rapid, selective, precise and accurate reverse phase high performance liquid 

chromatography method has been developed for quantification of isothiocyanate impurity in Enzalutamide drug substance. The 

separation was achieved by using stationary phase Phenomenex Kinetex (100 x 2.1 mm, 3.5µm) column  and the mobile phase 

consists of two channels A and B. channel-A: 0.1% formic acid buffer and channel-B: acetonitrile: water (85:15 v/v) in the 

proportion of gradient elution. The flow rate is 0.5 mL/min. The column temperature was maintained at 40°C and sample cooler 

temperature was maintained at 5°C, injection volume 5 µL and wavelength 295nm. The retention time of isothiocyanate impurity 

was noted to be 13.7 min respectively. The limit of detection (LOD) and limit of quantitation (LOQ) for isothiocyanate impurity 

0.7492 µg/mL and 2.7372 µg/mL respectively. The Linearity of isothiocyanate impurity was carried out at different concentrations 

ranging from 2.281-13.686 µg/mL and correlation coefficient was found to be 0.9998. Precision of the method was performed by 

injecting standard injections, the %RSD value of isothiocyanate impurity was found to be 1.36%. Accuracy was confirmed by 

recovery studies the %recovery of shown in the range of LOQ and 150% and the results obtained were found to be within the 

limits. Hence the method was found to be accurate. The method was validated as per ICH guidelines. 
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INTRODUCTION 
Enzalutamide a androgen receptor antagonist suitable for the treatment of adult men with metastatic castration 

resistant prostate cancer. It is 4-{3-[4-cyano-3- (trifluoromethyl)phenyl]-5,5-dimethyl-4-oxo-2-thioxoimidazolidin-1-

yl}-2-fluoro-N-methylbenzamide. Enzalutamide is indicated for the treatment of adult men with metastatic castration-

resistant prostate cancer who have received docetaxel therapy, compared with other anti-androgen, it shows reduced 

expression of androgen receptor dependent genes, decreased growth of prostate cancer cells, induction of cancer cell 

death and tumor regression. Molecular formula and molecular weight of Enzalutamide are C21H16F4N4O2S and 464.44 

g/mol, respectively[1-3]. Enzalutamide is freely soluble in acetonitrile and absolute ethanol and practically insoluble in 

water[4-13]. The chemical structures of Enzalutamide and Isothiocyanate impurity was shown in Figure 1 and Figure 

2. 
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Figure 1. Chemical structure of Enzalutamide 

R-N C S
 

Figure 2. Chemical structure of isothiocyanate 

In the synthesis process of Enzalutamide drug substance, 4-Isothiocyanoyl-2-(trifluoromethyl) benzonitrile is a 

reagent used was used as a key intermediate to synthesize thioimidazolinone compounds and is a potential anti-

prostate cancer drug.  

In the available literature, few analytical methods had been reported for the quantification of isothiocyanates[14-18]. 

However, no method was reported for the quantification of isothiocyanate in Enzalutamide drug substance finally, a 

sensitive HPLC method was reported for the determination of quantification isothiocyanate impurity in Enzalutamide 

drug substance and the method was validated for specificity, linearity, accuracy and precision experiments[19]. 

 

MATERIALS AND METHODS 
 

Chemicals and Reagents 

Formic acid (AR grade), Acetonitrile, Methanol, Ethanol (HPLC grade) and water, reagents and chemicals were 

procured from merck chemicals. Mumbai, India.  

Instrumentation 

Waters HPLC model: e2695 with DAD, Bandelin ultrasonic bath, pH Meter (Thermo Orion Model) and Analytical 

Balance (Metller Toledo Model) were used in the present study. 

Preparation of mobile phase-A 

Transferred 1 mL of the formic acid solution  into 1000 mL milli-Q water and mixed well.  Filtered the solution with 

0.22 µm nylon membrane filter and sonicate to degas. 

Preparation of mobile phase-B 

Prepared a mixture of 850 mL of Acetonitrile and 150 mL of water in the ratio of 85:15 (%v/v). Filtered the solution 

with 0.22 µm membrane filter and sonicate to degas. 

Preparation of diluent 

Acetonitrile used as a diluent. 

Preparation of blank 

Diluent used as a blank 

Preparation of standard stock solution  

Weighed accurately 1.215 mg of isothiocyanate standard into a 50 mL volumetric flask, added 25 mL diluent, sonicate 

for 2 minutes to dissolve, diluted to volume with diluent and mixed well. Further diluted 1.0 mL of this solution  into 

a 100 mL volumetric flask, made up to volume with diluent and mixed well.  

Preparation of standard solution  

Transferred 5 mL of the standard stock solution  into 25 mL volumetric flask, diluted to volume with diluent and 

mixed well.(Concentration of the isothiocyanate standard solution contains 9 µg/mL of with respect to 50.0 mg/mL  

Enzalutamide test concentration). 

Preparation of sample solution 

Weighed accurately 250 mg of the test sample into a 5 mL volumetric flask, added 2.5 mL diluent, sonicated to 

dissolve, diluted to volume with diluent and mixed well. 

Preparation of spiked sample solution 

Weighed accurately 250 mg of the test sample into a 5 mL volumetric flask, added 2.5 mL diluent, sonicated to 

dissolve then added 1.0 mL of isothiocyanate standard stock solution, diluted to volume with diluent and mixed well. 

Method Development 

The objective of the general method is to quantification of isothiocyanate impurity at low level with selectivity in 

Enzalutamide drug substance. The sample diluent, column oven temperature, sample cooler temperature, gradient 

program and injection volume and HPLC parameters were investigated and optimised using isothiocyanate standard 

solution or isothiocyanate standard spiked to sample solutions. 

 

 

Selection of wavelength  
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UV-spectroscopic analysis of Enzalutamide drug substance showed maximum UV absorbance (λmax) at 210 nm and 

isothiocyanate impurity showed maximum absorption 295 nm respectively.  

Selection of mobile phase  

The method development was started with  by using stationary phase Phenomenex Kinetex (100 x 2.1 mm, 3.5µm) 

column  and the mobile phase consists of two channels A and B. channel-A: 0.1% formic acid buffer and channel-B: 

acetonitrile in the proportion of gradient elution. The HPLC gradient program was time (min)/B% v/v: 0/50, 10/50, 

11/100, 20/100, 21/50, 25/50.  The flow rate is 1.0 mL/min. The column temperature was maintained at 40°C and 

sample cooler temperature was maintained at 5°C, injection volume 5µL and wavelength 295nm. There was no proper 

resolution of isothiocyanate impurity from blank and Enzalutamide sample peaks and peak interferences are present. 

 

For the next trial flow rate was changed from 1.0 mL/min to 0.5 mL/min remaining chromatographic parameters are 

constant. There was no proper resolution of isothiocyanate impurity peak from Enzalutamide sample peaks. 

For the next attempt mobile phase-B was changed from 100% acetonitrile to acetonitrile and water in the ratio of 

85:15 v/v. remaining chromatographic parameters are constant. The proper resolution of isothiocyanate impurity peak 

separated from Enzalutamide sample peaks achieved.  

Selection of diluent for sample and standard preparation 

The sample diluent is important for a HPLC method as it affects the sensitivity and accuracy. Several sample diluents 

were evaluated including methanol, acetonitrile, ethanol and water alone and in combination. The use of water alone 

as the sample diluent led to irreproducible results, water solubility of drug (7.85 µg/mL). A combination of water with 

the organic diluents 1:1 ratio were studied led to irreproducible results. The reproducibility of isothiocyanate impurity 

spiked to Enzalutamide was evaluated and the results demonstrated that the acetonitrile sample diluent showed the 

best sensitivity and selectivity. 

Selection of injection volume for sensitivity 

One of the key objectives of the method development was to achieve adequate sensitivity for low level isothiocyanate 

analysis. The isothiocyanate method sensitivity was further optimized by the evaluating the effect of injection volume 

on the noise level and S/N value of a 9 ppm isothiocyanate standard solution. Several HPLC injection microliter (µL) 

including 5µL, 10µL and 20µL were studied. The optimal injection volume and adequate signal was observed using 

the 5µL injection volume injection parameter. 

Optimized chromatographic conditions 

Chromatographic analysis was performed on Waters 2695 HPLC system. The chromatograms are recorded and 

analysed Empower3 software.  The separation was achieved by using stationary phase Phenomenex Kinetex (100 x 

2.1 mm, 3.5µm) column  and the mobile phase consists of two channels A and B. channel-A: 0.1% formic acid buffer 

and channel-B: acetonitrile: water (85:15 v/v) in the proportion of gradient elution. The HPLC gradient program was 

time (min)/B% v/v: 0/50, 10/50, 11/100, 20/100, 21/50, 25/50.  The flow rate is 0.5 mL/min. The column temperature 

was maintained at 40°C and sample cooler temperature was maintained at 5°C, injection volume 5µL and wavelength 

295nm. 

 

RESULTS AND DISCUSSION 
Specificity 

The method  specificity was validated for potential interference from blank, standard, sample and spiked sample 

solution. There are no detectable peaks in the chromatograms of blank, standard, sample and spiked sample. The 

isothiocyanate peak in the chromatogram of 9 ppm isothiocyanate spiked sample solution is sufficiently resolved 

from all other peaks before and after Isothiocyanate peak.  
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Figure 3. Typical chromatogram of blank 

 
Figure 4. Typical chromatogram of standard 

 
Figure 5. Typical chromatogram of sample 
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Figure 6. Typical chromatogram of spiked sample 

 

System precision 

System precision was demonstrated by preparing standard solution as per method and chromatographed the same into 

HPLC system in six replicated injections of standard solution. The peak areas of analyte were recorded for these 

standard injections. The system precision was evaluated by computing the % Relative standard deviation for the peak 

area of these standard injections.  

Detection limit (LOD), Quantitation limit (LOQ) 

A solution containing 2.7372 ppm of isothiocyanate standard was injected six times. The RSD of areas and S/N 

ratios for each standard were calculated. A solution containing 0.7492 ppm of isothiocyanate standard was injected 

three times. The worst found signal to noise ratio for each peak was greater than 3 in each injection. All the peaks 

were detected in all the three injections. 

Therefore, the quantitation limit (QL) and the detection limit (DL) was thus set at 2.7372 ppm and 0.7492 ppm, 

respectively.  

Method precision 

Precision (repeatability) was evaluated from the recovery data. Recovery data was determined by injecting six sample 

solutions spiked isothiocyanate 9 ppm at specification level. The samples were prepared as per the analytical method. 

Linearity and Range 

The linearity  of isothiocyanate was evaluated from 2.281 ppm to 13.686 ppm  (six levels with duplicate preparations 

at each level). The peak areas were plotted against the corresponding concentrations and the linear regression was 

performed.  

Accuracy 

Accuracy was determined by analyzing the triplicate preparation of isothiocyanate standard at low 2.2 ppm, 4.5 ppm, 

9 ppm and 13.5 ppm levels in the presence of Enzalutamide drug substance as per the analytical method. The accuracy 

as % recovery was calculated from the experimental concentrations of isothiocyanate standards by the theoretical 

concentrations. The recovery of ranged from 99.8% to 105.6% were obtained for the three concentrations levels. 

Solution stability 

The stability of standard, sample and spiked sample solutions were prepared in duplicate and stored at ambient 

laboratory conditions (25°C), refrigeration (2-8°C), respectively. Therefore, the standard solution, sample solution 

and spiked sample solution were stable for 24 hrs at refrigerated temperature conditions. The standard solution, sample 

solution and spiked sample were unstable at room temperature conditions. 

 

Table 1.Validation data of Enzalutamide for the quantification of  isothiocyanate 

Parameter isothiocyanate 

LOD (ppm) 0.7492 

LOQ (ppm) 2.7372 
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Precision at LOQ level (RSD, %) 4.20 

System Precision at sixth level (RSD, %) 1.36 

Method Precision at sixth level (RSD, %) 0.64 

Linearity range (µg/mL) LOQ-150 

Correlation coefficient 0.9880 

Slope 886.0525 

Intercept 86.5333 

% of Y-intercept 1.05 

Accuracy at LOQ (mean recovery, %) 105.6 

Accuracy at 50 (mean recovery, %) 101.4 

Accuracy at 100 (mean recovery, %) 100.8 

Accuracy at 150 (mean recovery, %) 99.8 

 

CONCLUSION 
The simple method was developed for the quantification of isothiocyanate impurity in Enzalutamide drug substance 

at trace level concentration have been developed and validated as per ICH guidelines. The results showed that the 

developed method is simple, fast, sensitive, suitable and specific for the effectiveness of the method was ensuring by 

the specificity, precision, LOD, LOQ, linearity, accuracy and solution stability. Hence, the method well suit for their 

intended purposes and can be successfully applied for the release testing of Enzalutamide in bulk and pharmaceutical 

dosage forms. 
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