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Abstracts: 

            By looking the importance of HPLC technique, a simple, linear and accurate related substance method was developed for the 
quantification of Z-isomer impurity and 3, 4-dihydroxy-5-nitrobenzaldehyde intermediate in entacapone active pharmaceutical ingredient by 
using high performance liquid chromatography technique. Separation between impurities and Entacapone was achieved on Phenomenox 
Kinetex C18, (100 x 4.6) mm, 2.6 micron column. Mobile phase consisted of 0.1% Orthrophosphoric acid in water: Methanol in ratio 
58:42:0.1 in isocratic mode for RSD of standard. Gradient method used for sample preparation and blank with flow rate of 0.8 ml/min at 
300 nm and column oven temperature at 50°C. RSD for standard preparation under system precision and percentage recovery was 
observed with in acceptance range. RSD for retention time was observed 0.05% which shows reproducibility during replicate injections. 
Limit of detection (LOD) and limit of quantification (LOQ) was achieved at 0.1 ppm and 0.2 ppm level respectively which indicates the 
lowest level of detection and quantification. The linearity range was achieved from 0.2 ppm to 0.75 ppm level for entacapone, Z-isomer and 
intermediate. After successful development of this method chemical forced degradation performed by external acid, alkali and peroxide 
treatment. No any degradation peak was interfering with any impurity. This newly developed innovative method found suitable for analysis 
of Entacapone API. 
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Introduction: 

HPLC is a worldwide accepted technique used for 
analysis of drug substance, drug product and quantification 
of known as well as unknown impurities at lower level1. 
Food and drug administration (FDA) highly appreciate the 
purity method of analysis by using HPLC, because this 
technique is well known for highly accurate, reproducible 
results. By using this technique we can separate drug 
related process impurities, degradation impurities as well 
as reactants. Entacapone API is nitrocatechol derivative and 
it is used for treatment of Parkinson’s disease. Parkinson’s 
disease is a neurodegenerative, slow progressive disorder, 
resting tremor, rigidity and postural reflex impairment 
with associated characteristic eosinophilic cytoplasmatic 
inclusions. It is orally taken medicine which contains effect 
of a selective and reversible inhibitory effect on catechol-O-
methyl transferase (COMT) enzyme. Entacapone consists of 

two isomeric forms E = trans-isomer and the Z = cis-isomer. 
The E-isomer was selected because it is easy for synthesis. 
Entacapone is rapidly absorbed in the gastro-intestinal tract 
and undergoes extensive first pass metabolism. Entacapone 
is converted to its (cis)-isomer i.e. Z- entacapone, the main 
metabolite in plasma followed by direct glucuronidation to 
inactive glucuronide conjugates. Elimination of this 
conjugates is mainly via urine as glucuronide conjugates 
and Z- isomer2. A HPLC method for Entacapone was 
published by T. Wikberg3 and Ramakrishna4 from rats and 
humans. The quantification method was reported by 
Siddiqui5-6, European patent7 for this drug. These reference 
methods discuss about analytical purity method, but were 
found not suitable in terms of gradient equilibration and 
run time. 

 

 
(2E)-2-cyano-3-(3,4-dihydroxy-5-nitrophenyl)-N,N-diethylprop-2-enamide [Entacapone]8 

 
This work presents related substance quantification method by HPLC to quantify entacapone Z isomer, 3, 4-dihydroxy-

5-nitrobenzaldehyde as intermediate, degradation and unknown impurities present in drug. 
 

Experimental: 
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HPLC grade methanol as a solvent (Spectrochem), 
orthrophosphoric acid AR grade    (Rankem) and HPLC 
grade water (Merck) were used. Entacapone test sample 
was received from Ramdev Chemical as a free sample. Z- 
Isomer of Entacapone is procured from LGC Promochem 
India limited. HPLC instrument of make Shimadzu LC 
2010C HT with a LC-solution software.  

Development of method was initiated by keeping 
aim to develop simple gradient, easy setup of 
experimentation and cost effective short run time related 
substance HPLC method for entacapone API, in such a way 
that we will get accurate and reproducible results in short 
period of time. Also chemical forced degradation was 
performed to determine formation of any degradation 
impurities. The referred USP method-29 method was not 
found suitable in terms of composition of mobile phase9. 
Tekale et al10 also extend the research for quantification 
from tablet. Shashikant Aswale et al11 continued our 

research from assay method of entacapone by using HPLC 
technique. Dhawan et.al12 also works on degradation in 
tablets. 

During selection of HPLC column, Short length, 
lower micron size C18 column was selected to reduce run 
time and to achieve excellent separation with sharp peak 
shapes. Also C18 carbon load in column helps for 
separation and lower particle size column gives sharp 
peaks as well as more separation. Higher column oven 
temperature increase the kinetic energy of components by 
which we can achieve good and sharp peak. Also it reduces 
viscosity of mobile phase which helps to reduce the back 
pressure of column. In this proposed method mobile phase 
is also easy to setup, which is degassed solution of 0.1% 
orthtophosphoric acid in HPLC grade water as mobile 
phase-A and pure HPLC grade  Methanol used as mobile 
phase-B. Gradient method was used for elution of all 
impurities. 

 

Chromatographic conditions:  

Column name                                :    Phenomenox Kinetex C18, (100 x 4.6) mm, 2.6 micron 
Flow rate                                        :     0.8 ml/min 
Wavelength                                   :     300 nm 
Column Oven temperature       :     50°C 
Run time                                        :     9 minutes (For standard in isocratic mode, MP-A: MP-B in ratio 58:42)    
Injection volume                           :     5 µl 
Diluent                                           :      Water: Methanol (50:50) 
 

Gradient: 

Time (mins) Mobile phase-A Mobile Phase-B 
0.0 58 42 
8 58 42 
15 40 60 
18 40 60 
20 58 42 
26 58 42 

 

Degradation: 

Acid degradation: 

Enatacpone test sample treated chemically by adding 5 ml 
1N and 2N hydrochloric acid and kept at room temperature 
for about 23 hrs separately. By performing slow 
degradation, degradation impurities were not observed. 
Then by increasing concentration of acid i.e. 5 ml, 5 N 
hydrochloride acid added in solution of entacapone and 
heat at 80°C for 3 hrs in water bath. By giving extreme 
condition sample was not degraded.  
 

Alkali degradation: 

 
 

 
Enatacpone test sample treated chemically by adding 1 ml 
0.01 N sodium hydroxide and injected immediately but 
degradation was not observed. Hence volume increases to 3 
ml and test sample treated with 3 ml 0.01 M sodium 
hydroxide by keeping solution at room temperature for 1 
hr. By doing this also degradation was not achieved. Hence 
compound treated by extreme condition but nature of 
compound changed. 
 

Oxidative degradation: 

Entacpone test sample treated chemically by adding 5 ml 
3% peroxide solution at keep at room temperature for about 
23 hrs. By doing this degradation was not achieved with in 
acceptance criteria. Hence gives extreme treatment to 
compound by adding 5 ml 30 % peroxide at heat the 
solution for 3 hrs at 80°C. By doing this also degradation 
was not achieved. 
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Results and discussion:  

Chromatography:  

0.5 ppm standard solution of entacapone was prepared by accurate weighing of entacapone standard and performing exact 
dilution in volumetric flask. 

 
Figure: - 1     Chromatogram of blank preparation. 

 
 

Figure: - 2     Chromatogram of Standard preparation. 

Figure 1 is blank preparation chromatogram, from the 
standard chromatogram (Fig. 2) it was concluded that the 
Retention time for Entacapone was 6.6 ± 0.05 minutes and 

tailing factor was 1.14 which as per USP should not be more 
than 1.5. 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research, Volume 7, Issue 4, April-2016                                                                                                     912 
ISSN 2229-5518   

IJSER © 2016 
http://www.ijser.org 

 
 

Figure: - 3     Chromatogram of Spike preparation (in Which Z Isomer an Intermediate spike with Test sample)

Fig (3) shows that impurity, intermediate as well as 
unknown impurities are also separated from entacapone 
peak. Where 3, 4-dihydroxy-5-nitrobenzaldehyde is an 
intermediate and Z isomer is impurity in entacapone.  
 Linearity13 was performed from limit of 
quantification (LOQ) to 150% level with respect to test 

concentration level in which linearity range was covered 
from 0.20 ppm to 0.75 ppm level. It was concluded from 
linearity graph that test concentration is linear. Observed 
value of correlation coefficient is 0.99 for intermediate, Z 
isomer and Entacapone API.  

 

 
 

Figure: 4     Linearity graph for 3,4-dihydroxy-5-
nitrobenzaldehyde (Intermediate) 

                       

 

 

Figure: 5     Linearity graph for Z Isomer (Impurity) 
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Figure: 6     Linearity graph for Entacapone (API) 

 
 
Figure 4 shows linearity graph for 3, 4-dihydroxy-5-
nitrobenzaldehyde, figure 5 shows linearity graph for Z 
isomer of entacapone and figure 6 shows linearity graph of 
entacapone API that line passes through all five 
concentration points.  
                  Lowest limit of detection (LOD) of intermediate, 
Z isomer and entacapone i.e. at 0.1 ppm level on visual 
detection technique. Six replicate injections of 0.1 ppm 
solution injected and observed consistent and average area 
observed.  

                  Lowest limit of quantification (LOQ) of 
intermediate, Z isomer and entacapone i.e. at 0.2 ppm level, 
six replicate injections of 0.2 ppm solution injected.  
Consistent, average area was achieved. 
                  The accuracy14 of an analytical procedure 
expresses the closeness of agreement between the value 
which is accepted either as a conventional true value or an 
accepted reference value and the value found. Accuracy 
study performed and successfully achieved.  

 
 

Figure: 7     Test preparation chromatogram of Entacapone API. 

Figure 7 shows typical chromatogram of test preparation,  
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Table-5: Calculation of % w/w of impurities under method precision. 

Sr. No Intermediate 
(%w/w) 

Z Isomer (%w/w) Highest Unknown 
impurity (%w/w) 

Total Impurities 
(%w/w) 

1 0.003 0.058 0.056 0.24 
2 0.003 0.058 0.056 0.24 
3 0.003 0.059 0.057 0.25 
4 0.003 0.058 0.056 0.24 
5 0.003 0.059 0.057 0.24 
6 0.003 0.058 0.055 0.24 

Average 0.003 0.058 0.056 0.24 
 
Reproducibility of method was checked by performing 
method precision in which same test was prepared six 
times and each of the preparations was injected. Results 

were calculated against average area of six replicate 
injections of entacapone standard preparation. This is 
depicted in table 5 for comparative results.  

 

Table-6: Degradation data. 

Impurity 
Type 

RRT As such test 
Preparation (% 

Area) 

Acid Degradation 
Sample (%Area) 

Base 
Degradation 

Sample (%Area) 

Peroxide 
Degradation Sample    

(%Area) 
Unknown 0.200 Not Detected 0.178 Not Detected Not Detected 
Unknown 0.354 Not Detected 0.169 0.252 0.163 

Intermediate 0.383 0.004 0.042 0.191 0.475 
Unknown 0.573 Not Detected 0.474 Not Detected Not Detected 
Unknown 0.679 0.019 0.157 Not Detected 0.157 
Z Isomer 0.750 0.080 0.230 Not Detected 0.233 

Entacapone 1.000 99.673 98.467 99.163 98.735 
 

 
Figure: 8     Acid degradation test chromatogram of Entacapone API. 
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Figure: 9     Alkali degradation test chromatogram of Entacapone API. 

 

 

 
Figure: 10     Peroxide degradation test chromatogram of Entacapone API. 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research, Volume 7, Issue 4, April-2016                                                                                                     916 
ISSN 2229-5518   

IJSER © 2016 
http://www.ijser.org 

Degradation is also important criteria in method 
development. In this process, compound needs to be 
degrading by chemical treatment and formation of 
unknown impurities as well as increasing or decreasing 
trend of impurities to be monitor. Results obtained from 
this study can help to decide the storage condition and 
handling precaution of drug. From table no 6 it was 
concluded that intermediate and Z isomer shows increasing 
trend in all three i.e. acidic, basic and oxidative conditions. 
Acid degradation shows unknown impurity at RRT 0.573 
which was not observed in any degradation condition. 
From this it was concluded that this method is capable to 
separate out degradation impurities. Figure 8,9 and 10 

shows details about chromatogram of acid degradation, 
alkali degradation and peroxide degradation.     
Mass Balance = 100 – total impurities in test sample. 
                       = 100- 0.24 
                       = 99.76 % 
Robustness14 of method was checked by changing mobile 
phase composition, column oven temperature and flow rate 
and found method is robust in all condition and there is no 
merging of any peaks and peak shapes is also found good. 
The evaluation of robustness should be considered during 
the development phase and depends on the type of 
procedure under study. It should show the reliability of an 
analysis with respect to deliberate variations in method 
parameters.  

Conclusion:  

The elution of entacapone standard was carried out on 
Kinetex C18, 4.6 × 100 mm x 2.6 micron column HPLC 
column, at the flow rate of 0.8 ml/min in isocratic mode for 
standard preparation and in gradient mode for blank and 
test sample analysis in which degassed solution of 0.1% 
orthtophosphoric acid in HPLC grade water as mobile 
phase-A and pure HPLC grade Methanol used as mobile 
phase-B with flow rate of 0.8 ml/min at 300 nm.  
The method precision result shows reproducibility of 
method. Linearity graph plotted against average area Vs 
concentration which is found linear with correlation 
coefficient 0.99 for Z isomer, intermediate and entacapone. 

From LOD and LOQ results it was concluded that in this 
method lowest detection limit is 0.1 ppm and quantification 
limit is 0.2 ppm with respect to test concentration. 
Degradation study clearly indicates that this 
chromatographic method is capable for separation and 
quantification of degradation, known as well as unknown 
impurities in entacapone sample. Also mass balance study 
shows that theoretically obtained value is very much close 
with purity obtained under degradation.     
The method can be used successfully for identification and 
quantification of the active pharmaceutical ingredient 
entacapone from pharmaceutical ingredient. Hence this 
method can be used for the routine analysis of entacapone. 

 
Acknowledgement:  
The author is very much thankful to Dr. Gujar, Principal Sinhgad college of Pharmacy, wadgaon (BK) Pune for providing 
research laboratory as well as necessary facility. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research, Volume 7, Issue 4, April-2016                                                                                                     917 
ISSN 2229-5518   

IJSER © 2016 
http://www.ijser.org 

References: 
 
1. Chitlange SS, Imran M, Sakarkar DM. 2008, Asian Journal of Pharmaceutics. 2 (4): 232-234. 
2. Novartis Europharm Limited ; EU/1/98/081/001-003 
3. Karlsson M. and Wikberg T. 1992, Journal of Pharmaceutical and Biomedical Analysis 10 (8): 563-600. 
4.  Ramakrishna NVS, Vishwottam KN, Wishu S, Koteshwara M and Chidambara, J. 2005, J. Chromatogr. B. Analyt. 

Technol. Biomed. Life Sci. 23(2): 189 – 194. 
5. Siddiqui et. al. (Siddiqui 2005) 
6. Siddiqui, MJM, Khan RAR and RP Yadav 2005, USPTO 5, 584, 100. 
7. European patent application, EP 2 251 323 A1, 4. 
8. Drug bank, DB00494 (APRD00416) 
9. USP Volume 36(2), 396. 
10.  Prafullachandra Tekale, Vinayak S Mhatre, N R Pai, Chandrabhanu Maurya and Smruti Tekale , Bioscience Discovery, 

2 (3):294-298, July 2011. 
11. Shashikant Aswale, Sunanda Aswale, Sachin Zade, Padma There, Rajesh Hajare and Aparna Dhote, Internal Journal of 

Scientific and Engineering Research, Volume5,Issue2, February-2014,462-466 
12. Dhawan et al., IJPSR,2013; Vol .4(3):1227-1232. 
13. ICH guidelines for Validation of analytical procedures: Text and methodology Q2 (R1), (step 4 version), 8. 
14. ICH guidelines for Validation of analytical procedures: Text and methodology Q2 (R1), (step 4 version), 13. 

 
 

  

IJSER

http://www.ijser.org/

	Development of method was initiated by keeping aim to develop simple gradient, easy setup of experimentation and cost effective short run time related substance HPLC method for entacapone API, in such a way that we will get accurate and reproducible r...
	During selection of HPLC column, Short length, lower micron size C18 column was selected to reduce run time and to achieve excellent separation with sharp peak shapes. Also C18 carbon load in column helps for separation and lower particle size column ...
	Enatacpone test sample treated chemically by adding 5 ml 1N and 2N hydrochloric acid and kept at room temperature for about 23 hrs separately. By performing slow degradation, degradation impurities were not observed. Then by increasing concentration o...
	Enatacpone test sample treated chemically by adding 1 ml 0.01 N sodium hydroxide and injected immediately but degradation was not observed. Hence volume increases to 3 ml and test sample treated with 3 ml 0.01 M sodium hydroxide by keeping solution at...
	Entacpone test sample treated chemically by adding 5 ml 3% peroxide solution at keep at room temperature for about 23 hrs. By doing this degradation was not achieved with in acceptance criteria. Hence gives extreme treatment to compound by adding 5 ml...
	0.5 ppm standard solution of entacapone was prepared by accurate weighing of entacapone standard and performing exact dilution in volumetric flask.
	Figure 1 is blank preparation chromatogram, from the standard chromatogram (Fig. 2) it was concluded that the Retention time for Entacapone was 6.6 ± 0.05 minutes and tailing factor was 1.14 which as per USP should not be more than 1.5.
	Fig (3) shows that impurity, intermediate as well as unknown impurities are also separated from entacapone peak. Where 3, 4-dihydroxy-5-nitrobenzaldehyde is an intermediate and Z isomer is impurity in entacapone.
	LinearityP13P was performed from limit of quantification (LOQ) to 150% level with respect to test concentration level in which linearity range was covered from 0.20 ppm to 0.75 ppm level. It was concluded from linearity graph that test concentration ...
	Figure 4 shows linearity graph for 3, 4-dihydroxy-5-nitrobenzaldehyde, figure 5 shows linearity graph for Z isomer of entacapone and figure 6 shows linearity graph of entacapone API that line passes through all five concentration points.
	Lowest limit of detection (LOD) of intermediate, Z isomer and entacapone i.e. at 0.1 ppm level on visual detection technique. Six replicate injections of 0.1 ppm solution injected and observed consistent and average area observed.
	Lowest limit of quantification (LOQ) of intermediate, Z isomer and entacapone i.e. at 0.2 ppm level, six replicate injections of 0.2 ppm solution injected.  Consistent, average area was achieved.
	The accuracyP14P of an analytical procedure expresses the closeness of agreement between the value which is accepted either as a conventional true value or an accepted reference value and the value found. Accuracy study performed and...
	Figure 7 shows typical chromatogram of test preparation,
	Reproducibility of method was checked by performing method precision in which same test was prepared six times and each of the preparations was injected. Results were calculated against average area of six replicate injections of entacapone standard p...
	Degradation is also important criteria in method development. In this process, compound needs to be degrading by chemical treatment and formation of unknown impurities as well as increasing or decreasing trend of impurities to be monitor. Results obta...
	Mass Balance = 100 – total impurities in test sample.
	= 100- 0.24
	= 99.76 %
	Robustness14 of method was checked by changing mobile phase composition, column oven temperature and flow rate and found method is robust in all condition and there is no merging of any peaks and peak shapes is also found good. The evaluation of robus...
	The elution of entacapone standard was carried out on Kinetex C18, 4.6 × 100 mm x 2.6 micron column HPLC column, at the flow rate of 0.8 ml/min in isocratic mode for standard preparation and in gradient mode for blank and test sample analysis in which...
	The method precision result shows reproducibility of method. Linearity graph plotted against average area Vs concentration which is found linear with correlation coefficient 0.99 for Z isomer, intermediate and entacapone.
	From LOD and LOQ results it was concluded that in this method lowest detection limit is 0.1 ppm and quantification limit is 0.2 ppm with respect to test concentration.
	Degradation study clearly indicates that this chromatographic method is capable for separation and quantification of degradation, known as well as unknown impurities in entacapone sample. Also mass balance study shows that theoretically obtained value...
	The method can be used successfully for identification and quantification of the active pharmaceutical ingredient entacapone from pharmaceutical ingredient. Hence this method can be used for the routine analysis of entacapone.



